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1 Introduction
In RAN2-119bis-e, RAN2 has agreed to capture the RAN1 agreement of epoch time:

Agreements:
1. Add the following clarification to the field description of epochTime:
	For serving cell, the startSFN indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received.
2.    In case of HO/CHO, the SFN indicated by epochTime is the frame nearest to the frame where RRC reconfiguration message is received

In RAN2-120, RRC CR [1] has been agreed to capture the change.

	SystemInformationBlockType31 field descriptions

	epochTime
Epoch time of the satellite ephemeris data and common TA parameters, see TS 36.213 [23]. The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.
epochTime is the starting time of a DL subframe indicated by startSFN and startSubframe. For serving cell, the startSFN indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received.
If the field is absent, the UE uses the starting time of the DL subframe corresponding to the end of the SI window during which the SI message carrying SIB31 is transmitted.
E-UTRAN always includes epochTime when SystemInformationBlockType31 is provided through dedicated signalling.
In case of handover or conditional handover, this field is based on the timing of the target cell, i.e. the startSFN and startSubFrame number indicated in this field refers to the SFN and sub-frame of the target cell, and UE considers the target cell epoch time (indicated by the startSFN and startSubFrame in this field) to be the frame nearest to the frame where RRCConnectionReconfiguration message is received.



However, we see some ambiguities in current definition of epoch time. In this discussion paper, we discuss the cases of ambiguity and propose corresponding solutions.
2 Discussion
Serving cell epoch time
For serving cell, the epoch time was described in [1] as follows:
”For serving cell, the startSFN indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received. ”
The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows). Within the SI window, the corresponding SI message can be transmitted a number of times. UEs can successfully decode the SI message in the different positions of SI window, thus UEs can have different SI received times (SFN). There is a case where UEs have different SI received times may have different interpretations of epoch time. See Figure 1, UE1 and UE2 decode the SI message in different positions of SI window. If the epoch time(T2) indicated in the SIB31 minus 1024 SFN (T1) is located in the duration of SI window which carries the SIB31,  the UE2 can identify T2 as the epoch time, however UE1 which decodes the SI message before T1 will identify T1 as the epoch time because T1 can fit the serving cell epoch time description: “the next upcoming SFN after the frame where the message indicating the epochTime is received”.  
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Figure 1 different interpretations of serving cell epoch time
Observation 1: UEs decode SI message in different positions of SI window can have different interpretations of serving cell epoch time.
To fix this ambiguity, the description of serving cell epoch can be modified to:” For serving cell, the startSFN indicates the current SFN or the next upcoming SFN after the last frame of SI window where the message indicating the epochTime is received.” This change rules out any SFNs in the middle of SI window, hence the UE1 and UE2 will have the same interpretation of serving cell epoch time. See Figure 2.
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Figure 2 Same interpretations of epoch time after change the description of serving cell epoch time
Proposal 1: Change the serving cell epoch time description to: “For serving cell, the startSFN indicates the current SFN or the next upcoming SFN after the last frame of SI window where the message indicating the epochTime is received.”

Neighbor cell epoch time
In RAN2-120, it is agreed that the neighbor cell ephemeris can be specified in Rel-18. There is the same ambiguity. Referring to the RAN1 agreement from RAN1#110, the neighbor cell epoch is described as:” 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.”
UE1 and UE2 decode the SI message in different positions of SI window. See figure 3, according the above description, it is possible that UE1 and UE 2 have different interpretations of neighbor cell epoch time.
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Figure 3 Different interpretations of neighbour cell epoch time in SIB31
Observation 2: UEs decode SI message in different positions of SI window can have different interpretations of neighbor cell epoch time.
Same as serving cell epoch time, as long as the various reception time of SI message was replaced by a fixed position of SI window, the ambiguity can be fixed.
Proposal 2: Change the neighbor cell epoch time description to: ”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 last frame of SI window where the message indicating the Epoch time is received.”
For the case of neighbour cell epoch time in HO/CHO message, there is same ambiguity exists. Due to RLC segmentation/HARQ retransmission/RLC retransmission/NW resource allocation, the time of receiving RRCConnectionReconfiguration message varies. See Figure 4, UE may have different interpretations of neighbour cell epoch time in HO/CHO based on different time of decode success. The later epoch time(T2) could be very wrong.
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Figure 4 Different interpretation of neighbour cell epoch time in HO/CHO message
Observation 3: UE can have different interpretations of neighbor cell epoch time in HO/CHO message due to different reception time.
It is rather harder to find a fixed reference point to inference epoch time, only NW implementation can ensure that when UE receives epoch time UE can inference the right epoch time. As an example, if such a retransmission carrying HO/CHO will indicate a different epoch time than it should be, NW stop this retransmission.
Proposal 3: It is up to NW implementation to fix different interpretations of neighbor cell epoch time in HO/CHO message due to different reception time.
3 Conclusions
Observation 1: UEs decode SI message in different positions of SI window can have different interpretations of serving cell epoch time.
Proposal 1: Change the serving cell epoch time description to:” For serving cell, the startSFN indicates the current SFN or the next upcoming SFN after the last frame of SI window where the message indicating the epochTime is received.”
Observation 2: UEs decode SI message in different positions of SI window can have different interpretations of neighbor cell epoch time.
Proposal 2: Change the neighbor cell epoch time description to: “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 last frame of SI window where the message indicating the Epoch time is received.”
Observation 3: UE can have different interpretations of neighbor cell epoch time in HO/CHO message due to different reception time.
Proposal 3: It is up to NW implementation to fix different interpretations of neighbor cell epoch time in HO/CHO message due to different reception time.
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