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1. Introduction
At RAN2 #115 meeting, following agreements were made with regarding to time- assisted and location-assisted cell reselection:

	· 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: 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.




Both agreements are only applicable to quasi-earth fixed cell. In this contribution, we further discuss the remaining issues regarding time and location-assisted cell reselection.
2. Discussion
2.1 Time assisted cell reselection
Regarding the usage of cell’s expire time (i.e., timing information of a cell is going to stop serving the area) in cell selection/reselection procedure: 
· For serving cell expire time: it was agreed UE should start measurements on neighbour cells before the expire time of serving cell 
· For neighbor cells expire time: we have not reached agreement yet. This is the discussion point of this section.
With the information of a neighbour cell’ expire time, UE can derive the neighbour cell’s remaining serving time. In general, if UE selects to a cell with longer remaining serving time, this will potentially decrease number of cell reselection due to satellite movement. On the other hand, if a UE unfortunately selects to a cell going to disappear soon, it will cause nothing else apart from another follow up cell reselection. one more follow-up cell reselection would not cause any serving interruption, neither a lot more power consumption since measurement for cell reselection is always ongoing. 
Moreover, for most UEs which are not at cell edge, they will reselect to its current serving cell’s replacement cell upon cell switch. Only UEs at or cross a cell edge may unfortunately reselect to a neighbouring cell and at the same time the neighbouring cell will disappear soon. 
In summary, it is not essential to have this feature in Rel-17.
 
Observation 1: It is not essential to prioritize neighbouring cell with longer serving time in cell reselection procedure

If majority would like to have time-assisted cell reselection, then the timing information of neighbouring cells will be broadcasted. regarding the details of usage of neighbour cell’s expire time to assist cell reselection, possible options are listed as followed:
Option 1: UE will only measure neighboring cells which has remaining serving time more than a threshold. 
[bookmark: _Hlk85117972]Option 2: UE will only rank neighboring cells which has remaining serving time more than a threshold.
Option 3: UE will give a bonus to neighboring cells when calculate the R-criterion for cell ranking if the neighboring cells has remaining serving time more than a threshold 
Option 4: UE will reselect to the cell with longest remaining serving time within number of best ranked neighboring cell.
Option 5: UE exclude the neighboring cells which has remaining serving time less than a threshold from measurement for cell reselection. 
Option1&2 would mean it is mandatory for network to broadcast the timing information of all neighbouring cells, which might be too much for network implementation, considering it is only an enhancement feature and the system will not be broken even if we do not take timing information into account for cell reselection.
Option3 could work, but it would need careful network configuration regarding how much the bonus will give. Moreover, for earth fixed cells, which will be existing almost forever and with no serving timing information broadcasted, it would mean being deprioritized. 
Option 4 violate best rank cell theory too much, for example if the first and second ranked cell both has decent remaining serving time, but second one has longer serving time but much lower RSRP/RSRQ, it does not make sense to choose the second ranked cell. 
All in all, in our understanding, what we want to avoid is to select to cell which will disappear and be replaced by another cell soon, so option 5 in our understanding is most simple solution with less impact.
Proposal 1: Regarding using Neighbouring cell’s expire time, RAN2 discuss follow alternatives:
· Alternative 1: not to support it in Rel17 (i.e., neighboring cells’ remaining serving time is not taken into account for cell reselection)
· Alternative 2: support it such as UE excludes the neighboring cells whose remaining serving time is less than a threshold from cell reselection.


2.2 Location assisted cell reselection
At last meeting, follow the majority companies’ preference, as work assumption, Location assisted cell reselection was agreed, i.e., the distance between UE and the reference location of the cell (serving cell and/or neighbouring cell) will be considered for cell reselection. but this is only applicable if UE has valid location information, and additional location acquisition will not be triggered at UE side only for location assisted cell reselection. but how to use the location information to assist cell reselection is still FFS, this is the discussion point of this section.
As same as the timing information we distinguish distance to serving cell and distance to neighbouring cells in following discussion because they have different usage. 
The distance between UE and the reference location of the serving cell: 
In TS38.304, at first, following measurement rule/trigger is defined. In summary, UE may not measure intra-frequency cells and or inter-frequency cells of equal or lower priority if the serving cell’s Srxlev/ Squal is higher than configured thresholds:
	[bookmark: _Toc29245206][bookmark: _Toc37298552][bookmark: _Toc46502314][bookmark: _Toc52749291][bookmark: _Toc67949166]5.2.4.2	Measurement rules for cell re-selection
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8].


in addition, two relaxed measurement criterions/rules are specified. In summary for UE with low mobility and or UE not at cell edge, relaxed measurement can be applied. 
	[bookmark: _Toc534930843][bookmark: _Toc37298565][bookmark: _Toc46502327][bookmark: _Toc52749304][bookmark: _Toc67949179]5.2.4.9.1	Relaxed measurement criterion for UE with low mobility
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The relaxed measurement criterion for UE with low mobility is fulfilled when:
-	(SrxlevRef – Srxlev) < SSearchDeltaP,
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:
-	After selecting or reselecting a new cell, or
-	If (Srxlev - SrxlevRef) > 0, or
-	If the relaxed measurement criterion has not been met for TSearchDeltaP:
-	The UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell.
[bookmark: _Toc37298566][bookmark: _Toc46502328][bookmark: _Toc52749305][bookmark: _Toc67949180]5.2.4.9.2	Relaxed measurement criterion for UE not at cell edge
The relaxed measurement criterion for UE not at cell edge is fulfilled when:
-	Srxlev > SSearchThresholdP, and,
-	Squal > SSearchThresholdQ, if SSearchThresholdQ is configured,
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	Squal = current Squal value of the serving cell (dB).




Short UE’s distance to serving cell centre would be a good indicator of stable signal strength and not at cell edge, hence UE may be allowed not to measure intra-frequency cells or inter frequency cells with lower or equal priority or UE may be allowed to apply relaxed measurement. For inter-frequency cell with higher frequency priority, we believe UE should continue measurement even when it is in cell centre of current serving cell. furthermore, if location-based measurement trigger or relaxed measurement criterion is defined, we need to clarify its relationship with legacy mechanisms, but this could be discussed later. To be specific, the distance between UE and serving cell can be used in following different way:
Option1: UE may not do measurement on intra and inter frequency cells (with lower or equal priority) if its distance to serving cell is shorter than a threshold
With this option, we need to further clarify its relationship with the current measurement rule/trigger
Option 1-1: Replace the legacy mechanism if this is configured. 
Option 1-2: “AND” relationship with legacy mechanism. 
Option 1-3: “OR” relationship with legacy mechanism

Option 2: UE may apply relaxed measurement if its distance to serving cell is shorter than a threshold
With this option, we also need to clarify how to apply this criterion on top of existing low mobility and UE not at cell edge criterions. One straightforward option is to replace the signal strength based “ not at cell edge” criterion
Proposal 2: RAN2 discuss whether UE can stop measurement or relax measurement on certain neighbouring frequencies (e.g., equal or lower priority inter/intra frequencies) if its Distance to Serving Cell Centre is shorter than a threshold. 

The distance between UE and UE and the reference location of neighbouring cells:
Following options have been mentioned regarding how to use UE’s distance to neighbouring cell to assist cell reselection:
Option 1: UE only consider neighbour cells for cell reselection to which the distance is shorter than a threshold
Option 2: UE will give a bonus to a neighbouring cell when calculating the R-criterion for cell ranking if the distance to the neighbouring cell is shorter than a threshold
Option 3: configure a threshold of the distance between UE and the reference location for each neighbour cell, and UE selects the cell with highest rank, if the distance between UE and this cell is smaller than the threshold, UE will reselect to this cell 
Option 4: UE should firstly select N best cells using RSRP ranking and then among the N best cells, UE selects the target cell with the shortest distance 

Option 2 is complex and need careful network configuration regarding how much the bonus will give
Option 3 may not fundamentally different from option1 in our understanding
Option 4, somehow shortest distance cell will overtake best ranked cell and then to be reselected, in our understanding, this especially may not work in a mix deployment scenario.
Among all these solutions, relative more companies supported option1.this option is simple and more straightforward. However, we need to clarify that UE shall consider all neighbouring cell regardless the distance if UE does not have valid location information.  
If the purpose to introduce location threshold is to avoid near-far effect, and avoid a faraway cell overshoot its signal and then being selected, then we proposal to exclude the cells to which the distance is longer than a threshold. If there is no valid location information, UE will simply not exclude any cell and fall back to legacy.
Observation 2: if it is agreed that UE’s distance to neighbouring cells will be taken into account for cell reselection, one simple solution is to exclude the neighbouring cells to which the (valid) distance is longer than threshold from cell reselection
Considering the mix deployment of different satellite types (GEO, MEO, LEO), the cell size would be different for different satellite type, hence a signal threshold would not work. 
Observation 3: Different threshold needs to be configured for different satellite types/cell size if distance to neighbouring cell is considered for cell reselection
based on above observations, we propose: 
Proposal 3: Regarding using Distance to Neighbouring Cell, RAN2 discuss following alternatives:
· Alternative 1: not to support it in Rel17 (i.e., distance to neighboring cell is not taken into account for cell reselection)
· Alternative 2: support it with simple solution that UE excludes the neighboring cells to which the (valid) distance is longer than a threshold from cell reselection.

3. Conclusion
In this contribution, we discuss how to use the time and location information related to serving and neighbouring cells in cell reselection respectively. 

Regarding using neighbouring cell’s expire time: 
Observation 1: It is not essential to prioritize neighbouring cell with longer serving time in cell reselection procedure
Proposal 1: Regarding using Neighbouring cell’s expire time, RAN2 discuss follow alternatives:
· Alternative 1: not to support it in Rel17 (i.e., neighboring cells’ remaining serving time is not taken into account for cell reselection)
· Alternative 2: support it such as UE excludes the neighboring cells whose remaining serving time is less than a threshold from cell reselection.

Regarding using distance to serving cell center:
Proposal 2: RAN2 discuss whether UE can stop measurement or relax measurement on certain neighbouring frequencies (e.g., equal or lower priority inter/intra frequencies) if its Distance to Serving Cell Centre is shorter than a threshold. 

Regarding using distance to neighbouring cell centre:
Observation 2: if it is agreed that UE’s distance to neighbouring cells will be taken into account for cell reselection, one simple solution is to exclude the neighbouring cells to which the (valid) distance is longer than threshold from cell reselection
Observation 3: Different threshold needs to be configured for different satellite types/cell size if distance to neighbouring cell is considered for cell reselection
Proposal 3: Regarding using Distance to Neighbouring Cell, RAN2 discuss following alternatives:
· Alternative 1: not to support it in Rel17 (i.e., distance to neighboring cell is not taken into account for cell reselection)
· Alternative 2: support it with simple solution that UE excludes the neighboring cells to which the (valid) distance is longer than a threshold from cell reselection.
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