
[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting#122	       					   	      R2-2306295
Incheon, Korea, 22th - 26th May 2023		  	 	             
Source: 			ZTE corporation, Sanechips, Intel Corporation
Title: 	Consideration on cell reselection enhancements for NTN-NTN
[bookmark: Source]Agenda item:		7.7.4.1.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In the past meetings, agreements have been made on time/location based measurement initiation while the decision on whether to support location based cell reselection is still pending.
In this paper, we share some further understanding on the time based measurement initiation in earth moving cell and show our preference on supporting location based cell reselection and how to do that.
2. [bookmark: _Toc12718547]Discussion
2.1. Time-based measurement initiation
The following agreements have been made in the past on time based measurement initiation in earth moving cell:
RAN2#119bis-Agreements [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)
· 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.
· 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
RAN2#121bis-Agreements [2]:
· RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
· For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
With the above agreements, also aiming to use similar mechanism as in quasi-earth fixed cell in r17, we understand the time-based measurement initiation in earth moving cell is targeting to trigger UE to perform measurements on neighbor cells before the cell stops serving the area it is currently covering and such cell service time interruption is caused by feeder link switch.
Thus, we understand the existing t-Service can be reused to indicate the time information on when a cell provided via NTN earth moving system is going to stop serving the area it is currently covering with some update on the field description as now the usage of t-Service is limited in quasi-earth fixed cell. Similarly, UE shall start to perform measurements on neighbor cells before t-Service.
Proposal 1: The t-Service is reused to indicate the cell stop time of earth moving cell, for which the cell service time interruption is caused by feeder link switch.
Proposal 2: UE shall perform intra-frequency, inter-frequency or inter-RAT measurements before the t-Service for earth moving cell.
2.2. Location-based cell reselection
Location-based cell reselection intends to help improving the mobility robustness by configuring location thresholds to sort 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: 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 3: 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 signaling 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 4a: 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 4b: 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. 
3. Conclusion and proposals
Based on the analysis in previous sections, the following proposals are given: 
Proposal 1: The t-Service is reused to indicate the cell stop time of earth moving cell, for which the cell service time interruption is caused by feeder link switch.
Proposal 2: UE shall perform intra-frequency, inter-frequency or inter-RAT measurements before the t-Service for earth moving cell.
Proposal 3: Location based cell reselection should be supported by introducing a distance threshold.
Proposal 4a: 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 4b: 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.
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