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1. Introduction
 Agreements on cell reselection enhancements for NTN-NTN are summarized as below:
	RAN2#119-e:
Agreements [R2-2207327]:
3.Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-) Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-) Earth-fixed scenarios 

	RAN2#119bis-e 
Agreements [R2-2209578]:
1. For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)

	Agreements[R2-2210860]:
1. System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
4.In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE


The main target of enhancements on cell reselection in NTN-NTN is to enhancement cell reselection for earth-moving cells, investigating if the same solution can be used for both fixed cell and earth moving cells. In this paper possible solutions will be discussed taking into above agreements into consideration.
2. [bookmark: _Toc12718547]Discussion
2.1. [bookmark: OLE_LINK2]Serving cell coverage
It has been agreed that for earth moving cells, NW will provide reference location and distance threshold of serving cell to UE to estimate when serving cell stops providing coverage for present UE location in system information. Since for earth moving cell, the cell coverage is moving due to movement of satellite, therefore how to broadcast this information without frequent SI update shall be taking into account in detailed signalling design. 
Before going into detailed discussion, first issue needs to be clarified is the scenarios considered for enhancements. In our understanding, moving satellite with moving beam has already been deprioritized in R17 and clearly has more complexity. Therefore it is proposed to study earth-moving cell considering satellite with fixed (non-steerable) beam in R18, i.e., moving satellite with steerable beam is not considered.
Proposal 1: In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
If only satellite with fixed beam is considered, then the cell coverage shall be relatively static to the nadir of satellite generating coverage for this cell. Therefore the trajectory of reference location of serving cell can be derived based on the satellite ephermeris broadcast in SIB19.
[bookmark: OLE_LINK3]Observation 1: For satellite with fixed beam the trajectory of reference location of serving cell can be derived based on the satellite ephermeris broadcast. 
To address the movement issue below summarize options for providing this information proposed in R2-2210860 with possible merging :
· Option 1: coordinates of reference location and distanceThreshold
· Option 1-1: multiple reference locations and its time information is used 
· Option 1-2: cell type (fixed or moving) and time information 
· Option 1-3: NW to update every time when value changes
· Option 2: based on the sub-satellite point derived by satellite ephemeris and the broadcasted location offset between sub-satellite point and the cell reference location
· Option 3: location of RP as function of time
Based on observation 1, option 3 can be ruled out since the movement of RP can already be derived. .  Option 2 is proposed to reduce the overhead to broadcast coordinates of RP. the idea is that instead of broadcasting cell reference, the distance offset between cell reference and satellite reference (e.g. nadir) is broadcast. However, additional direction information still needs to be broadcast for UE to calculate the one and only cell reference. The overhead can be saved is limited, while there will be additional complexity on UE implementation and more spec impact. Therefore, it is preferred to directly broadcast the coordinates of cell reference, especially considering current SIB19 can already supports broadcast serving cell reference which can be reused to minimize specs impact. 
Observation 2: Broadcast distance offset between cell reference and satellite reference requires more specs impact and additional implementation complexity, while the overhead can be saved is limited.
Observation 3: Current specs supports broadcast serving cell reference location (i.e., referenceLocation-r17) in SIB19, which can reused for earth-moving cell.  
Proposal 2: referenceLocation in SIB19 is used to broadcast the serving cell reference location for earth-moving cell.
Another issue is whether to reuse distanceThreshold in SIB19 to indicate the distance difference to serving cell reference. DistanceThreshold nowadays is used to trigger location-based neighboring cell measurement for UE in idle/inactive mode. Whether to reuse the same distanceThreshold will depend on whether location-based measurement initiation is supported, which will be discussed in details later.
Observation 4: Whether to reuse distanceThres in SIB19 for broadcasting serving cell coverage depends on whether to support location-based neighboring cell measurement initiation for earth-moving cell.
As for option 1 there are multiple sub-options proposed to on how to broadcast this information. Option 1-1 requires to broadcast multiple sets of RP which seems unnecessary since the trajectory of satellite is predictable. Option 1-3 is more like NW implementation behavior, when to update the information shall leave to NW implementation. As for option 1-2, to allow UE to perform prediction time information associated to assisting information (e.g., reference location ) needs to be provided together. Considering UE will consider both serving ephemeris and reference location for path prediction, the epochTime as used for serving ephermeris can be reused for reference location, no need to introduce new time information for this purpose.
Observation 5: serving cell reference location needs to be used together with serving cell ephermeris for trajectory prediction, which makes it straightforward to reuse epochTime for serving cell ephemeris as time information for reference location of serving cell.
Proposal 3: For earth-moving cell, epochTime of serving cell ephemeris is reused to indicate time information of serving cell reference location. 
Since UE only needs to do prediction for earth-moving cell, there are proposals to include cell type (fixed or earth-moving ) explicitly in NTN. However, considering it is still early stage in R18, there might be other parameters that can be used to indicate the serving cell type, which is also relevant to stage 3 details.  It is suggested to postpone the discussion on indication to indicate whether serving cell type is earth-moving or not.
Observation 6: Whether explicit indication is needed for earth-moving cell is relevant to stage 3 details e.g., there could be other parameters to derive cell type is earth moving.
Proposal 4: Discussion on explicit indication to indicate earth-moving cell is postponed.  
2.2. Time/Location-based measurement initiation
Time-based and location based measurement initiation has been defined for quasi-fixed scenarios to trigger neighboring cell measurement for the purpose of cell (re)selection. This section will investigate whether the solution can be reused here.
·  t-service based measurement initiation 
[bookmark: OLE_LINK8]----------------------------------------------- from TS 38304-H30 --------------------------------------------
Following rules are used by the UE to limit needed measurements:
[Omitted]
If the t-Service of the serving cell is present in SIB19, and if UE supports time-based measurement initiation, the UE shall perform intra-frequency, inter-frequency or inter-RAT measurements before the t-Service, regardless of the distance between UE and the serving cell reference location or whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, The exact time to start measurement before t-Service is up to UE implementation. UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8] regardless of the remaining service time of the serving cell (i.e. time remaining until t-Service).
NOTE:	When evaluating the distance between UE and the serving cell reference location, it's up to UE implementation to obtain UE location information.
----------------------------------------------- from TS 38304-H30 --------------------------------------------
Time-based cell reselection is realized by configuration of below t-service.
	SIB19 field descriptions

	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 intention of t-service is to inform UE the duration of serving time that can be provided by existing coverage so that UE can starts to search for suitable cell before leaving current cell to guarantee service continuity. Since RAN2 has agreed to provide UE with information to deliver the serving cell coverage, then t-service shall be deduced by coverage of serving cell, t-service is no longer needed for earth moving case.
Observation 7: The remaining serving time of serving cell can be derived from coverage of serving cell.
Proposal 5: No need to indicate t-service of serving cell for earth-moving cell.
·  Location-based measurement initiation
----------------------------------------------- from TS 38304-H30 --------------------------------------------
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:
-	If distanceThresh and referenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its location information:
[bookmark: _Hlk96333131]-	If the distance between UE and the serving cell reference location referenceLocation is shorter than distanceThresh, the UE may not perform intra-frequency measurements;
-	Else, the UE shall perform intra-frequency measurements;
-	Else, the UE may not perform intra-frequency measurements;
-	Else, 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:
-	If distanceThresh and referenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its UE location information:
-	If the distance between UE and the serving cell reference location referenceLocation is shorter than distanceThresh, 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;
-	Else, 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];
-	Else, 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;
-	Else, 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].
-	If the UE supports relaxed measurement and relaxedMeasurement is present in SIB2, the UE may further relax the needed measurements, as specified in clause 5.2.4.9.
[Omitted]
NOTE:	When evaluating the distance between UE and the serving cell reference location, it's up to UE implementation to obtain UE location information.
----------------------------------------------- from TS 38304-H30 --------------------------------------------
	SIB19 field descriptions

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m.

	ntn-Config
Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and epoch.

	referenceLocation
Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20].


The location based measurement initiation is realized by configuring the referenceLocation of serving cell as well as the distanceThresh with the intention to improve the mobility robustness and minimize the service interruption. For this purpose, UE is required to do neighboring cell measurements when UE’s distance to referenceLocation is larger than distanceThresh configured even when Srxlev and Squal thresholds are not fulfiled. For the same purpose location-based measurement initiation can also be supported in earth-moving cell to allow triggering neighboring cell measurement before UE leaves serving coverage to guarantee there are sufficient time for UE to found a suitable cell to camp on.
Observation 8: Location-based measurement initiation is used to allow UE to initiate neighboring cell measurement before leaves serving coverage so that UE can have sufficient time to successfully reselect to a suitable cell. 
Based on above analysis, below proposal is made:
Proposal 6: location-based measurement initiation is supported in earth-moving cell
[bookmark: OLE_LINK1]To assist this purpose, distance threshold to trigger location-based measurement initiation is also needed. Then another discussion point is whether the distance threshold used to indicate serving cell coverage will be the same to the threshold used to trigger neighboring cell measurements or furthermore, do we need both thresholds to assist idle/inactive cell reselection? In real implementation, NW might configure an distance threshold smaller than actual serving coverage so that UE can starts measurement early to avoid service interruption. Therefore it is possible that the distance threshold used for location based measurement is different from the one used to indicate the coverage. Distance threshold indicating serving cell coverage is more like an extreme condition where UE must perform measurements to avoid loss of coverage which is subset of location-based cell reselection. From this point of view, to allow more flexible NW implementation, it is proposed to at least support the location-based cell reselection as specified in R17 for earth moving cells and the legacy IEs can reused for this purpose. And RAN2 can further discuss if a new IE for distance threshold used for serving coverage is needed or not. 
Observation 9: Distance threshold indicating serving cell coverage is more like an extreme condition where UE must perform measurements to avoid loss of coverage which is subset of location-based cell reselection.  
Since in R17 distanceThresh has been introduced for location-based measurements, it can be reused for the same purpose. And a new IE can be introduced to indicate the distance threshold used to indicating serving cell coverage. 
Proposal 7: distanceThresh defined for location based measurement initiation for quasi-fixed system in R17 is reused in earth-moving system.
[bookmark: OLE_LINK4]Proposal 8: For earth moving system, RAN2 further discuss if a new IE to indicate the distance threshold used for serving cell coverage is needed or not.
2.3. Location/Time based cell re-selection 
[bookmark: _GoBack]Due to limited time in R17, location and time-based cell reselection are discussed but no conclusion is made. The intention to use location/time-threshold in-combination with R-criterion to adjust cell priorities so that UE can select to a neighboring cell with more robustness connection or longer serving time to avoid frequent cell reslection thus improve the overall performance. Since we are discussing cell reselection enhancements in R18, this topic can be continued, which can be considered for both earth-moving and quasi-fixed system.
·  Location based cell reselection
Location-based cell reselection intends to help improving the mobility robustness by configuring location thresholds to sorted the neighboring cells to be selected, e.g., UE only considers the cells that is closer enough to its location. With the number of cells to be compared with decreased, the power consumption is reduced. 
Observation 10: Location-based cell reselection condition can help narrow down neighboring cells to be considered for reselection to allow more robust cell reselection, e.g. UE only consider neighboring cell closer to its location for reselection.
To release location-based cell reselection, a distance threshold can be introduced. For example, UE can compare its distance to neighboring cell reference location with threshold configured, and UE will consider neighboring cell with distance shorter than threshold for further sorting.
Proposal 9: Location based cell reselection should be supported by introducing a distance threshold.
In order to guarantee that the neighboring cells selected still has the strongest signalling quality among candidate cells , R-criterion needs to be used in combination location .And below options have been discussed in R17 for how to introduce location threshold condition together with R-criterion:
· Option 1: Introduce a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies to down scope the candidate cells for reselection.
· Alt.1: Cells not provided with reference location will not be considered as candidate cell for reselection
· Alt.2: Cells not provided with reference location will also be considered as candidate cell for reselection
· Option 2: Introduce a distance threshold. Distance threshold applies to decide the candidate cells and then rank the candidate cells based on R-criterion to decide the target cell for reselection.
· Alt.1: Cells not provided with reference location will not be considered as candidate cell for reselection
· Alt.2: Cells not provided with reference location will also be considered as candidate cell for reselection
· [image: C:\Users\00219303\AppData\Local\Temp\ksohtml13156\wps1.png]Option 3: Cell ranked on R-criterion first and then the distance criteria applies to decide the target cell for reselection.
Figure 1: An example of cell deployment and distance based cell reselection
An example scenario is given in Figure 1 with below assumptions:
· The cell ranking based on the R-criterion: Cell4>Cell2>Cell3>Cell1.
· Cell1/2/3 are provided with reference location while cell4 is not. 
· Distance between UE and cell reference location shorter than the distance threshold: Cell2 and cell 3.
· Highest ranked N cells: N=3, cell 4/3/2.
Taking above scenario into account, below table gives a comparison on cell reselection results based on above three options on distance based cell reselection:
	Option
	Expected UE behaviors
	Reselection result 

	Option 1- Alt.1
	· Cell ranking performed on all the detected cells;
· Distance evaluation on the highest ranked N cells which have been provided with reference location;
· If none of the highest ranked N cells are provided with reference location, UE look at other cells who rank lower;
· Among the N cells, UE treat cells with distance to UE shorter than the threshold as candidate target cells and reselect to the highest ranked one.
	Candidate cells for reselection: Cell2/3
Target for reselection: Cell2

	Option 1- Alt.2
	· Cell ranking performed on all the detected cells;
· Distance evaluation on the highest ranked N cells which have been provided with reference location;
· If none of the highest ranked N cells are provided with reference location, UE ignore the distance threshold and reselect to the highest ranked cell;
· Among the N cells, UE treat cells with distance to UE shorter than the threshold and cells not provided with reference location as candidate target cells and reselect to the highest ranked one.
	Candidate cells for reselection: Cell2/3/4 
Target for reselection: Cell4

	Option 2-Alt.1
	· Distance evaluation on the all the cells which have been provided with reference location;
· Cell ranking performed on cells with distance to UE shorter than the threshold.
· If none of the cells provided with reference location are closer to UE than the distance threshold, no cell can be selected following the location based reselection rule.
· Among all the cells whose distance to UE are shorter than the threshold, UE reselect to the highest ranked one.
	Candidate cells to be ranked: Cell2/3
Target cell for reselection: Cell2


	Option 2-Alt.2
	· Distance evaluation on the all the cells which have been provided with reference location;
· Cell ranking performed on cells with distance to UE shorter than the threshold and cells not provided with reference location.
· If none of the cells provided with reference location are closer to UE than the distance threshold, all the cells will be ranked and UE reselect to the highest ranked one.
· Among all the cells whose distance to UE are shorter than the threshold, UE reselect to the highest ranked one.
	Candidate cells to be ranked: Cell2/3/4
Target cell for reselection: Cell4

	Option 3
	· Cell ranking performed on all the detected cells;
· Distance evaluation on the highest ranked N cells which have been provided with reference location:
· For cells provided with reference location, UE reselect to the cell with the smallest distance to the cell’s reference location.
· For cells not provided with reference location, UE reselect to the highest ranked cell based on R-criterion.
	Candidate cells for reselection: Cell3/4 and UE have to select one from them as the final decision.


For option 1 and option 3, UE is only required to evaluate the distance to at most N cells. In option 2, UE is required to evaluate the distance to all the cells provided with reference location, introducing more complexity and power consumption at UE side. Thus, option 1 and 3 are preferred over option 2.
The main difference between option 1 and option 3 is the target cell is decided based on cell ranking according to R-criterion in option 1 but based on the distance to UE in option 3 among highest ranked N cells. Option 1 is preferred from our side as we are concerned about the interference from the highest ranked cell if the target cell is decided based on distance.
For Alt.1 and Alt.2 in option 1, UE has to look at cells ranked lower if none of the highest ranked N cells are provided with reference location if we go for option 1, the interference from the highest ranked cell not provided with reference location would still be a concern thus Alt.1 is preferred.
Based above analysis, above proposal is made:
Proposal 9a: For cell reselection, cell ranked on R-criterion is applied first and then the distance threshold is applied to down scope the candidate cells for reselection with the following steps in detail:
-  Step 1: UE perform cell ranking based on the R-criterion.
-  Step 2: Among the highest ranked N cells.
- For cells provided with reference location: only those whose distance to UE shorter than the distance threshold will be considered by UE as candidate cells.
- Cells not provided with reference location will not be considered as candidate cell for reselection
- Step 3: Among all the candidate cells decided by on the distance threshold in step 2, UE reselect to the highest ranked cell based on R-criterion.
Furthermore, on how to determine the highest ranked N cells in step 1, the following options can be considered:
· Option 1: The N is not a fixed value and the highest ranked N cells are cells whose R value is within rangeToBestCell of the R value of the highest ranked cell.
· Option 2: N is a fixed value in specification or configured by NW.
Proposal 9b: Down select from the following options on how to determine the highest ranked N cells in Step 2:
· Option 1: The N is not a fixed value and the highest ranked N cells are cells whose R value is within rangeToBestCell of the R value of the highest ranked cell.
· Option 2: N is a fixed value in specification or configured by NW.
Option 1 can be supported with current configuration to only consider cells with RSRP difference to best cell within the range configured by rangeToBestCell, considering specs impact,  it is slightly preferred. 
·  Time based cell reselection
Another method to help reducing reselection frequencies is to help UE camping on a cell that can provide longer valid time, which is beneficial for saving power consumption. Below options are discussed in R17 for time-based cell reselection:
· To exclude or down-prioritize neighbor cells who is going to disappear
· To help UE prioritize cell with longer valid time
Since the most important goal of cell reselection is to find a strongest cell and UE should not be exposed to the risk of losing coverage, it would be better to down-prioritize cells with limited valid time rather than exclude such cells totally so that UE can still take these cells into consideration if there are no other choice. Slightly prioritizing cell with longer valid time among those with similar RSRP/RSRQ would also be an appropriate way forward to cater for the strongest cell goal as well as consideration on the cell valid time.
Observation 11: When cell qualities are similar, to prioritize cell with longer valid time is helpful to reduce reselection frequency, therefore saves power consumption.
Based on above analysis, below proposal is made:
Proposal 10: Among neighbor cells with similar RSRP/RSRQ, those with longer valid time should be prioritized during cell reselection.
If P10 is agreed, then the following solutions can be considered on how to prioritize cells longer valid time during cell reselection with the t-service of neighbor cells provided.
· Solution 1: A threshold of the valid time is broadcast in system information along with QoffsetTime as adjustment to cell-ranking criterion Rs for serving cell and Rn for neighboring cells so that cells with serving time longer than the threshold will get a bonus:
Rs = Qmeas,s +Qhyst - Qoffsettemp+QoffsetTime
Rn = Qmeas,n -Qoffset - Qoffsettemp+QoffsetTime
· Solution 2: A threshold of the valid time is broadcast in system information along with CellReselectionPriorityOffset as adjustment to the cell reselection priority so that the cells with serving time longer than the threshold will be prioritized.
· Solution 3: A rangeToBestCellNTN is broadcast in system information. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within range to best cell of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.
Proposal 10a: Down select from the following solutions on how to prioritize neighbor cells with longer valid time during cell reselection:
· Solution 1: Broadcast a threshold of the valid time along with QoffsetTime as adjustment to cell-ranking criterion Rs for serving cell and Rn for neighboring cells so that cells with serving time longer than the threshold will get a bonus by adding the QoffsetTime in the R value calculation.
· Solution 2: Broadcast a threshold of the valid time along with CellReselectionPriorityOffset as adjustment to the cell reselection priority so that the cells with serving time longer than the threshold will be prioritized by adding the CellReselectionPriorityOffset to the cell reselection priority configured.
· Solution 3: A rangeToBestCellNTN is broadcast in system information. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within range to best cell of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.

 

3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
Serving cell coverage
Observation 1: For satellite with fixed beam the trajectory of reference location of serving cell can be derived based on the satellite ephermeris broadcast. 
Observation 2: Broadcast distance offset between cell reference and satellite reference requires more specs impact and additional implementation complexity, while the overhead can be saved is limited.
Observation 3: Current specs supports broadcast serving cell reference location (i.e., referenceLocation-r17) in SIB19, which can reused for earth-moving cell.  
Observation 4: Whether to reuse distanceThres in SIB19 for broadcasting serving cell coverage depends on whether to support location-based neighboring cell measurement initiation for earth-moving cell.
Observation 5: serving cell reference location needs to be used together with serving cell ephermeris for trajectory prediction, which makes it straightforward to reuse epochTime for serving cell ephemeris as time information for reference location of serving cell.
Observation 6: Whether explicit indication is needed for earth-moving cell is relevant to stage 3 details e.g., there could be other parameters to derive cell type is earth moving.
Proposal 1: In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
Proposal 2: referenceLocation in SIB19 is used to broadcast the serving cell reference location for earth-moving cell.
Proposal 3: For earth-moving cell, epochTime of serving cell ephemeris is reused to indicate time information of serving cell reference location. 
Proposal 4: Discussion on explicit indication to indicate earth-moving cell is postponed.  
Time/Location-based measurement initiation
Observation 7: The remaining serving time of serving cell can be derived from coverage of serving cell.
Observation 8: Location-based measurement initiation is used to allow UE to initiate neighboring cell measurement before leaves serving coverage so that UE can have sufficient time to successfully reselect to a suitable cell. 
Observation 9: Distance threshold indicating serving cell coverage is more like an extreme condition where UE must perform measurements to avoid loss of coverage which is subset of location-based cell reselection.   
Proposal 5: No need to indicate t-service of serving cell for earth-moving cell.
Proposal 6: location-based measurement initiation is supported in earth-moving cell
Proposal 7: distanceThresh defined for location based measurement initiation for quasi-fixed system in R17 is reused in earth-moving system.
Proposal 8: For earth moving system, RAN2 further discuss if a new IE to indicate the distance threshold used for serving cell coverage is needed or not.
Location/Time based cell re-selection 
Observation 10: Location-based cell reselection condition can help narrow down neighboring cells to be considered for reselection to allow more robust cell reselection, e.g. UE only consider neighboring cell closer to its location for reselection.
Observation 11: When cell qualities are similar, to prioritize cell with longer valid time is helpful to reduce reselection frequency, therefore saves power consumption.
Proposal 9: Location based cell reselection should be supported by introducing a distance threshold.
Proposal 9a: For cell reselection, cell ranked on R-criterion is applied first and then the distance threshold is applied to down scope the candidate cells for reselection with the following steps in detail:
-  Step 1: UE perform cell ranking based on the R-criterion.
-  Step 2: Among the highest ranked N cells.
- For cells provided with reference location: only those whose distance to UE shorter than the distance threshold will be considered by UE as candidate cells.
- Cells not provided with reference location will not be considered as candidate cell for reselection
- Step 3: Among all the candidate cells decided by on the distance threshold in step 2, UE reselect to the highest ranked cell based on R-criterion.
Proposal 9b: Down select from the following options on how to determine the highest ranked N cells in Step 2:
· Option 1: The N is not a fixed value and the highest ranked N cells are cells whose R value is within rangeToBestCell of the R value of the highest ranked cell.
· Option 2: N is a fixed value in specification or configured by NW.
Proposal 10: Among neighbor cells with similar RSRP/RSRQ, those with longer valid time should be prioritized during cell reselection.
Proposal 10a: Down select from the following solutions on how to prioritize neighbor cells with longer valid time during cell reselection:
· Solution 1: Broadcast a threshold of the valid time along with QoffsetTime as adjustment to cell-ranking criterion Rs for serving cell and Rn for neighboring cells so that cells with serving time longer than the threshold will get a bonus by adding the QoffsetTime in the R value calculation.
· Solution 2: Broadcast a threshold of the valid time along with CellReselectionPriorityOffset as adjustment to the cell reselection priority so that the cells with serving time longer than the threshold will be prioritized by adding the CellReselectionPriorityOffset to the cell reselection priority configured.
· Solution 3: A rangeToBestCellNTN is broadcast in system information. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within range to best cell of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.
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