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1 Introduction
In previous meetings, RAN2 has made much progress on epoch time for serving cell and neighbour cell. However, in some cases, how to interpret the epoch time is still not clear. In this contribution, we further analyse these issues.
2 Discussion

2.1 Epoch time for neighbour cell
	epochTime

Indicate the epoch time for the NTN assistance information. When explicitly provided through SIB, or through dedicated signaling, EpochTime is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point. If this field is absent, the epoch time is the end of SI window where this SIB19 is scheduled. This field is mandatory present when provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time from the serving satellite ephemeris, otherwise the field is based on the timing of the serving cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the serving cell. In case of handover, this field is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell. This field is excluded when determining changes in system information, i.e. changes to epochTime should neither result in system information change notifications nor in a modification of valueTag in SIB1.


Based on previous agreements and the field description, it is clear that:

1) If epoch time for neighbour cell is absent in ntn-Config provided via NTN-NeighCellConfig, the UE uses epoch time for serving cell;
2) If epoch time for serving cell is absent, the epoch time is the end of SI window where this SIB19 is scheduled;
However, if both epoch time for serving cell and epoch time for neighbour cell are absent, it is unclear whether the UE can use the end of SI window where this SIB19 is scheduled as the epoch time for the neighbouring cell
Proposal 1: If both epoch time for serving cell and epoch time for neighbor cell are absent, the epoch time for neighbor cell is the end of SI window where this SIB19 is scheduled.

In RAN1 #110, the following agreements were achieved:
	Agreement
For serving cell if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers this frame to be the current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received. 

For neighbor cell if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame nearest to the frame where the message indicating the Epoch time is received.


From the RAN1 agreements we can see that different rules for SFN determination are applied for serving cell and neighbor cell.

If epoch time for neighbor cell is absent, and the epoch time for serving cell is reused, which rule will the UE follow to determine the SFN? In our understanding, since the serving cell epoch time is reused, the UE should comply with the SFN determination for serving cell.
Proposal 2: If epoch time for neighbor cell is absent, and the serving cell epoch time is reused for neighbor cell, UE considers the indicated SFN to be current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received.
2.2 Epoch time during Handover
In RAN2 #119-e, it was agreed that UE starts timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epoch time, if included in the reconfigurationWithSync for serving cell:

Agreements:
During HO/CHO execution upon applying target cell configuration, UE should:


1. Stop the current T430 (if it is running);


2.Start T430 for the target cell as indicated by ntn-UlSyncValidityDuration and epochTime of the target cell

In case of handover, epoch time included in the reconfigurationWithSync is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refer to the SFN and sub-frame of the target cell. UE can read the MIB message of the target cell to obtain the SFN during handover. Considering the SFN wraps around every 10.24s, the association between the SFN indicated by the epoch time and the SFN where the MIB is acquired is ambiguous for the UE: The SFN indicated by the epoch time may be same as the SFN where the MIB is acquired; the SFN indicated by the epoch time may be previous frame of the SFN where the MIB is acquired; the SFN indicated by the epoch time may be next frame of the SFN where the MIB is acquired. 
If the SFN indicated by the epoch time is next frame of the SFN where the MIB is acquire, waiting until the epoch time to use the ephemeris information will increase the handover interruption time. In our understanding, even if the epoch time points to a future SFN, the UE can still deduce the ephemeris and common TA parameters for the moment since all these parameters are predictable, and apply them immediately. Another solution is that UE can directly read the SIB19 of the target cell during the handover and ignore the epoch time in HO command.
Proposal 3: In case of handover, for the epoch time indicated explicitly by an SFN and subframe number, discuss the intended UE behaviour:

· Option 1: the UE considers this frame to be the current SFN or the next upcoming SFN after the frame where the MIB of target cell is firstly acquired.

· Option 2: the UE considers this frame to be the current SFN or the previous SFN before the frame where the MIB of target cell is firstly acquired
· Option 3: the UE considers this frame to be the frame nearest to the frame where the MIB of target cell is firstly acquired.

· Option 4: the UE directly read the SIB19 of the target cell and ignore the epoch time in HO command.
2.3 Epoch time during CHO

In case of CHO, the network does not know the exact time when UE executes handover. For example, in event T1, the duration can be as long as 10 minutes, and UE may execute handover at any time in the time range from T1 to T1+10min. UE may execute handover in an SFN period in which the CHO command is located, or may execute handover in an SFN period previous to or next to the SFN period in which the CHO command is located.
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Figure 1: Handover Time within CHO Time Range
In RAN1 #118-e, it was agreed that “During HO, the target cell’s epoch time (i.e. SFN and subframe number) is based on target cells’ timing.” We think this also applies to CHO, because the RRCConfiguration containing target cell information is also generated by target cell (and embedded in the RRCConfiguration sent from the source cell to the UE), and it is difficult for the target cell to transfer the timing based on source cell.

Similar to the HO issue discussed in 2.2, we think RAN2 also needs to determine how the UE will interpret the SFN during CHO considering SFN wraps around every 10.24s.
Proposal 4: In case of CHO, for the epoch time indicated explicitly by an SFN and subframe number, discuss the intended UE behaviour:

· Option 1: the UE considers this frame to be the current SFN or the next upcoming SFN after the frame where the MIB of target cell is firstly acquired.

· Option 2: the UE considers this frame to be the current SFN or the previous SFN before the frame where the MIB of target cell is firstly acquired
· Option 3: the UE considers this frame to be the frame nearest to the frame where the MIB of target cell is firstly acquired.

· Option 4: the UE directly read the SIB19 of the target cell and ignore the epoch time in HO command.

3 Conclusion

In this contribution, we discuss the epoch time and have the following proposals:
Proposal 1: If both epoch time for serving cell and epoch time for neighbor cell are absent, the epoch time for neighbor cell is the end of SI window where this SIB19 is scheduled.

Proposal 2: If epoch time for neighbor cell is absent, and the serving cell epoch time is reused for neighbor cell, UE considers the indicated SFN to be current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received.
Proposal 3: In case of handover, for the epoch time indicated explicitly by an SFN and subframe number, discuss the intended UE behaviour:

· Option 1: the UE considers this frame to be the current SFN or the next upcoming SFN after the frame where the MIB of target cell is firstly acquired.

· Option 2: the UE considers this frame to be the current SFN or the previous SFN before the frame where the MIB of target cell is firstly acquired
· Option 3: the UE considers this frame to be the frame nearest to the frame where the MIB of target cell is firstly acquired.

· Option 4: the UE directly read the SIB19 of the target cell and ignore the epoch time in HO command.

Proposal 4: In case of CHO, for the epoch time indicated explicitly by an SFN and subframe number, discuss the intended UE behaviour:

· Option 1: the UE considers this frame to be the current SFN or the next upcoming SFN after the frame where the MIB of target cell is firstly acquired.

· Option 2: the UE considers this frame to be the current SFN or the previous SFN before the frame where the MIB of target cell is firstly acquired
· Option 3: the UE considers this frame to be the frame nearest to the frame where the MIB of target cell is firstly acquired.

· Option 4: the UE directly read the SIB19 of the target cell and ignore the epoch time in HO command.
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