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[bookmark: _Ref503504522]Introduction
In this contribution, we discuss the reference point of epoch time for neighbor and target cells, as well as the reference point of t-Service.
Discussion
RP of epoch time for neighbor and target cells
Reference point for epoch time (RPepochTime) 
The NTN-Config IE information provides NTN assistance information (ephemeris and common TA parameters) that are timestamped by the epoch time.
From 38.331 field description:
	epochTime
Indicate the epoch time for the NTN assistance information. When explicitly provided through SIB, or through dedicated signaling, the 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. For serving cell, the field sfn indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received. For neighbour cell, the sfn indicates the SFN nearest to the frame where the message indicating the epochTime is received. The reference point for epoch time of the serving or neighbour NTN payload 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 ntn-Config is provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time of the serving cell, 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 or conditional 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. For the target cell the UE considers epoch time, indicated by the SFN and sub-frame number in this field, to be the frame nearest to the frame in which the message indicating the epoch time is received. 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.



The epoch time is indicated to the UE as a subframe boundary (either on the serving frame timing, or target frame timing in case of handover). The reference point for epoch time RPepochTime indicates where that subframe boundary shall be considered, to eliminate the variable propagation delays seen by the UEs. The actual epoch time is then:
Epoch time = Subframe boundary time at UE – propagation delay (RPepochTimeUE)

Uplink time synchronization reference point (ULTSRP)
The uplink time synchronization reference point is defined in 38.300, in the NTN section, as follows:
DL and UL are frame aligned at the uplink time synchronization reference point (RP) with an offset given by NTA,offset (see clause 4.2 of TS 38.213 [38]).


The ULTSRP is defined by the Common TA, and the UE can derive the ULTSRPUE delay from ephemeris/common TA in the NTN config.
Reference point of epoch time for neighbour/target cells
There is some ambiguity in the reference point of epoch time RPepochTime for neighbour/target cells as the field description merely indicate to use the ULTSRP. However, each NTN-config defines a different ULTSRP. 
We could see the following interpretations:
1. The reference point for epoch time of neighbour cell is the serving cell ULTSRP
2. The reference point for epoch time of neighbour cell is the neighbour cell ULTSRP
It was already agreed and clearly specified that the subframe boundary for the neighbour cell epoch time is on the serving cell frame timing. It makes sense that the UTRSP to consider would then be the one of the serving cell, i.e. following interpretation 1. The interpretation 2. would only be possible if the serving/neighbours are synchronized (e.g. same gNB, RP at gNB).
[bookmark: _Ref149835857][bookmark: _Ref149837275]Proposal 1: Confirm that the reference point for epoch time of neighbour cell is the serving cell ULTSRP 
Conversely, the subframe boundary for the target cell epoch time is on the target cell frame timing. It makes sense that the ULTSRP to consider would then be the one of the target cell.
[bookmark: _Ref149835859][bookmark: _Ref149837309]Proposal 2: Confirm that the reference point for epoch time of target cell is the target cell ULTSRP 

Reference point of t-Service
Current field description in 38.331 is as follows:
	t-Service
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.



It seems there is no indication of any reference point for t-Service. TS 38.304 doesn’t give details either. Given the propagation delay for LEO can be up to ~20ms, it can make a significant difference depending on where t-Service is considered.
There are a few options:
1. RP is the UE: similar as for CHO t1-Threshold, which indicates explicitly “Time measured at UE”
2. RP is the gNB: the effective stop seen at the UE is delayed by the propagation delay from the gNB
3. RP is the ULTSRP: the effective stop at the UE is delayed by the propagation delay from the ULTSRP
The problem with 1. is that t-service is broadcasted, and the NW doesn’t know the propagation delay to a given UE. Moreover, there is up to ~3.2ms differential propagation delay between different UEs in the cell. Option 2. works providing k_mac is always set according to RP-gNB delay, which may be not the case. Option 3 seems the most straightforward.
In Rel-17, the granularity of t-Service is 10ms, and the field is used merely for measurement initiation, hence not having a clearly defined t-service RP may not cause important issue. However, as it is planned to reuse this field in Rel-18 (e.g. for satellite switching) it would be preferable to fix this already from Rel-17.
[bookmark: _Ref149916713]Proposal 3: The reference point for t-Service is the ULTSRP of the cell 

Conclusion 
In this contribution, we make the following observations and proposals:
Proposal 1: Confirm that the reference point for epoch time of neighbour cell is the serving cell ULTSRP
Proposal 2: Confirm that the reference point for epoch time of target cell is the target cell ULTSRP 
Proposal 3: The reference point for t-Service is the ULTSRP of the cell

[bookmark: _Hlk127541667]Potential TPs (38.331)
	epochTime
Indicate the epoch time for the NTN assistance information. When explicitly provided through SIB, or through dedicated signaling, the 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. For serving cell, the field sfn indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received. For neighbour cell, the sfn indicates the SFN nearest to the frame where the message indicating the epochTime is received. The reference point for epoch time of the serving or neighbour NTN payload ephemeris and Common TA parameters is the serving cell 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 ntn-Config is provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time of the serving cell, 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 or conditional 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, and the reference point for epoch time is the target cell uplink time synchronization reference point. For the target cell the UE considers epoch time, indicated by the SFN and sub-frame number in this field, to be the frame nearest to the frame in which the message indicating the epoch time is received. 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.



	t-Service
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field. The reference point for t-Service is the uplink time synchronization reference point of the cell.
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