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1. Introduction 
RAN2 has made following agreements in RAN2#115e meeting.
Agreements:
1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information
3. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.
4. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.
5. For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

Working assumption:
1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.

In this document, we provide the details on cell selection and reselection procedure.
2. Discussion 
Use of stop time in cell reselection
For quasi-earth fixed cell, RAN2 has agreed that the UE should start measurement for cell reselection before the stop time indicated by the serving cell. It is possible the neighbour cells are also quasi-earth fixed cell and broadcasting the cell stop time. One possible solution to which neighbour cell to select is to compare the cell stop time of the neighbour cells and select the neighbour cell with longest service duration. Here is how this can be done.
The UE searches the cells in the concerned frequencies for which following criteria is fulfilled.
	Srxlev > 0 AND Squal > 0


where:
	[bookmark: _Hlk505630812]Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


 Qrxlevmin and Qqualmin are common for all cells and broadcast in SIB2. Qrxlevminoffset and Qqualminoffset are cell/frequency specific broadcast in SIB3/SIB4. Qoffsettemp is parameter for connection establishment failure control.
It is clear when UE searches the known frequency and its neighbour cells by reading serving cell SIB2, SIB3 and SIB4, it can determine how many cells fulfil the S criteria for cell selection.
Now it can choose the best ranked neighbour cell (with strongest Rn) based on the following criteria.
	Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp


where:
	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.
For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3].



Similarly, UE can determine the value of Qoffset (cell specific offset) for the given frequency from serving cell SIB3/4. When a UE detects a new frequency, UE may not need to apply some parameters unknown for the frequency, e.g., Qoffset.
Similarly, huge signaling overhead can be added to SIB3/SIB4 neighbor cell list as shown below such that UE can also consider cell stop time (0 to 30 minutes in the granularity of 1s) as criteria to select a cell.
cellStopTime                            SEQUENCE {
        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R
        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R
        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R
    }                                                                               

IntraFreqNeighCellInfo ::=          SEQUENCE {
    physCellId                          PhysCellId,
    q-OffsetCell                        Q-OffsetRange,
    q-RxLevMinOffsetCell                INTEGER (1..8)                                  OPTIONAL,   -- Need R
    q-RxLevMinOffsetCellSUL             INTEGER (1..8)                                  OPTIONAL,   -- Need R
    q-QualMinOffsetCell                 INTEGER (1..8)                                  OPTIONAL,   -- Need R
    ...
[[
    cellStopTimeoffset                  INTEGER (0..1799),                       		OPTIONAL    -- Need R
    }                                                                               
]]
}

The UE would be able to select a cell that is best ranked in terms of RSRP and service duration, for example, with maximum (Rn) and longest (Tn).
However, gain of this enhancement is overshadowed by the huge signalling overhead in SIB3/4 (i.e., time information extension for each cell in neighbour cell list broadcast for each intra and inter frequency). It is also not guaranteed that network will always broadcast such neighbour cell list information in SIB3/4/5 (i.e., UE anyway may not have this information). Therefore, we think a UE implementation-based approach can also be defined for similar enhancements. The procedure is given below.
Step 1: UE triggers measurements before cell stop time of serving cell (Ts).
Step 2: UE following existing procedure and determines first ranked cell, second ranked cell and so on for a selected frequency.
Step 3: UE selects a first ranked cell.
Step 4: UE reads the system information of the selected cell.
Step 5: UE determines the cell stop time (Ts) of the selected cell.
Step 6: if Cell stop time – current time > Tthreshold, UE continues with the cell. Else, UE considers the second ranked cell as the first ranked cell and goes to step 3.
Step 7: if no cell meets the time-based criteria, UE may select the cell with longest cell stop time or go to step 1.
In this case, the value of Tthreshold can be provided by network or which value to use can be left to UE implementation. A UE may consider Tthreshold = 0 to disable the feature. 
[bookmark: _Toc85374570][bookmark: _Toc85726007][bookmark: _Toc85726011][bookmark: _Toc85728959]A UE selects the second-best ranked cell if the selected cell has cell stop time that is too near.
Overhead of signaling stop time
Another issue is how and where to broadcast the cell stop time for a serving cell. It is desirable that the cell stop time is broadcast in SIB1 or SIB2. But due to signalling overhead, i.e., more than 40 bits for UTC time, it may need to be broadcast in NTN specific SIB that carries ephemeris.
However, it is to note that LEO satellite is moving, and it cannot make the cell fixed on earth surface forever. There is a limit for how long a quasi-earth cell can remain in service in the given area. This limit could be assumed for example to be maximum of 30 minutes. If granularity of 1 second is assumed for indicating cell stop time, then we would need just 1800 code points or 11 bits of information. The reference point for time can be SFN = 0.
With reduced signaling overhead, the cell stop time can be broadcast as early as in SIB2. The benefit is that the UE knows beforehand whether to further acquire the other SIBs or ephemeris, i.e., whether to find another cell, if the cell is going to be off soon. Network also needs to update this time only once every SFN boundary.
[bookmark: _Toc85374571][bookmark: _Toc85726008][bookmark: _Toc85726012][bookmark: _Toc85728960]RAN2 consider mechanism to reduce signalling overhead to broadcast the cell stop time.
Location assisted cell reselection
Following is a working assumption from the last meeting.
1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.

Similar to the signalling overhead concern described above for broadcasting cell stop time information for the neighbour cell, broadcasting reference location of each neighbour cell is a signalling overhead concern. In the location-assisted cell reselection, it may be just sufficient for a UE to determine whether it is close to the beam center or close to the cell edge.
As long as the UE remains close to the beam center (not at the cell edge), it is possible the UE may also take benefit of relaxed cell measurement. If the UE has valid location information, it can determine how far it is from the beam center, i.e., whether it is at cell edge. Network may additionally need to broadcast the cell radius or a threshold for this.
[bookmark: _Toc85374572][bookmark: _Toc85726009][bookmark: _Toc85726013][bookmark: _Toc85728961]It is sufficient to broadcast reference location of the serving cell for UEs to determine whether it is at cell edge of the quasi-earth fixed cell.
Next candidate cell for cell reselection
Once the UE triggers the cell reselection procedure, the UE may be configured with next frequency/cell ID in SIB that can be prioritized to select. The cell will replace current cell serving area in immediate future. In this case, the UE may prioritize to select it. 
If cell reselection or intra/inter frequency measurement is triggered and the UE does not find the configured next candidate cell as suitable, it can follow the existing measurement and cell reselection procedure. The reason in doing this is that network would know which satellite/cell will serve in the area. In case the UE is still within the cell coverage area, this will save power by limiting measurements for cell reselection. For example, before the cell stop time, the UE may just need to search the next candidate cell.
The same goal can be achieved using intraFreqWhiteCellList and InterFreqWhiteCellList. But the difference is that network may not provide this list since it strictly limits the cell reselection candidate cells in a carrier. 
[bookmark: _Toc53755147][bookmark: _Toc53758625][bookmark: _Toc53761580][bookmark: _Toc54002138][bookmark: _Toc54015191][bookmark: _Toc54097661][bookmark: _Toc54165284][bookmark: _Toc54294114][bookmark: _Toc54294120][bookmark: _Toc85374573][bookmark: _Toc85726010][bookmark: _Toc85726014][bookmark: _Toc85728962]The UE should be provided with the information of the next candidate cell(s) for cell reselection.

3. Conclusion
Following proposals are made.
Proposal 1	A UE selects the second-best ranked cell if the selected cell has cell stop time that is too near.
Proposal 2	RAN2 consider mechanism to reduce signalling overhead to broadcast the cell stop time.
Proposal 3	It is sufficient to broadcast reference location of the serving cell for UEs to determine whether it is at cell edge of the quasi-earth fixed cell.
Proposal 4	The UE should be provided with the information of the next candidate cell(s) for cell reselection.
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