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1. Introduction
The following objectives have been identified by the new NR NTN enhancement WI [1]:
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signaling overhead. 
In this paper, we share some understanding on the cell reselection enhancements in NTN-NTN and NTN-TN mobility as well as how to reduce the signaling overhead in NTN-NTN handover.
2. [bookmark: _Toc12718547]Discussion
2.1. Cell reselection enhancements in NTN-NTN mobility
2.1.1. Location based cell reselection
In R17, the following options have been raised on the location based cell reselection:
· 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
· Option 3: Cell ranked on R-criterion first and then the distance criteria applies to decide the target cell for reselection.
An example is given below to show the cell reselection result of the three options on distance based cell reselection:
[image: C:\Users\00219303\AppData\Local\Temp\ksohtml13156\wps1.png]
Figure 1: An example of cell deployment and distance based cell reselection
Assumption of 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.
	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.
Proposal 1a: Location based cell reselection should be supported by introducing a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies 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.
Regarding how to decide 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 1b: 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.
2.1.2. Time based cell reselection
In R17, the t-service for the serving cell is broadcast but such information is not provided for neighbor cells. The following use cases have been mentioned in the past discussions on providing the cell stop time of neighbor cells:
· 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, we understand 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.
Proposal 2a: Among neighbor cells with similar RSRP/RSRQ, those with longer valid time should be prioritized during cell reselection.
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 2b: 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.
2.2. Cell reselection enhancements in NTN-TN mobility
In R18, we are targeting to reduce the UE power consumption during cell reselection between NTN and TN. We are thinking to relax the measurements on another network type cells for this with the following options considered:
· Option 1: Deactivate measurements on another network type cells when UE camps on one NW type cell, e.g. deactivate measurements on NTN when UE is camped on TN cell.
· Option 2: Configure long periodicity for measurements on the other network type cells, e.g. configure long periodicity for measurements on NTN cells when UE is camped on TN cell.
· Option 3: Autonomous search for cells of the other network type and send proximity indication to network when cells of the other network type is detected. 
If we go for option 1, UE may lose coverage if there is only coverage from the other network type but the measurement is totally deactivated. For option 2, how to configure such a long periodicity would be a headache to network as there may not be much coordination between TN and NTN cells.
For option 3, the autonomous search and proximity indication mechanism has been specified in LTE to search for CSG cells. The UE autonomous search function, per UE implementation, determines when and/or where to search for allowed CSG cells. UE shall use an autonomous search function to detect at least previously visited CSG member cells on serving and non-serving frequencies, including inter-RAT frequencies to find an allowed CSG cell. If an allowed CSG cell has been found by autonomous search function, UE in RRC_IDLE can then decide to re-select to such a cell. For UE in RRC_CONNECTED, a proximity indication can be sent to NW when UE is entering or leaving the proximity of one or more CSG member cells. Similarly, an indication can be sent from the camped TN cell to UE to enable autonomous search for NTN cells. UE will then decide when and/or where to search for a TN cell by implementation. For example, UE can perform measurements on the visited NTN cells or frequencies to see if there is any NTN cell nearby. If one or more NTN cells are found by UE, UE in RRC_IDLE or RRC_INACTIVE can decide to re-select to a found NTN cell while UE in RRC_CONNECTED can send a proximity indication to NW so that NW would be aware of the coverage of another network type and configure measurements accordingly, which requires less coordination between TN and NTN cells and relax the measurements on the other network type for UE.
With the above consideration, we propose to go for option 3.
Proposal 3a: An indication is provided from the camped cell to UE to enable autonomous search function for cells of another network type, e.g. TN or NTN. 
Proposal 3b: For UE in RRC_CONNECTED, a proximity indication can be sent to the network to indicate that the UE is entering or leaving the proximity of one or more cells of another network type which are detected based on autonomous search function.
2.3. Signalling overhead reduction in NTN-NTN handover
2.3.1. Index based handover command
CHO has been identified to be quite useful in NTN and we have introduced time and location based CHO in R17. However, we understand there might be some cases that network decides to trigger handover when the CHO condition is not fulfilled yet.
In this case, the network can simply include the information identifying the CHO candidate cell (e.g. PCI or candidate cell index) in the handover command since the UE has stored the candidate cell configuration. In other words, the other configuration, including e.g. the cell specific parameters and the UE specific parameters can be omitted thus the signaling overhead can be reduced significantly. With the reduction of the payload size, the reception failure of the handover command can be reduced, which would in return reduce the RLF rate and handover failure rate. 
Thus, we understand if the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
Proposal 4: The CHO candidate target cell identity or index can be included in the HO command to trigger conventional handover to this cell thus the detailed configuration would be omitted and UE should apply the condRRCReconfig stored for this cell.
2.3.2. [bookmark: OLE_LINK2]Group based mobility


Figure 1. Example of handover due to satellite mobility
In NTN, handover may be triggered by satellite mobility and a large number of UEs need to be moved to another cell. Nowadays, UE would send measurement report to NW to help decide whether to move UE to another cell. While in NTN, multiple UEs may face the similar situation when satellite moves and there is no need for all of them to send measurement report. As shown in figure 1, multiple UEs are getting close to the cell edge and needs to be moved from cell#1 to cell#2. The signaling overhead can be reduced if the measurement report from one UE can help network decide to hand over all the UEs nearby.
With such consideration, we come up with the idea of group based mobility.




Figure 2. An example of group based mobility
As shown in the above figure 2, UEs are divided into several groups, e.g. based on its location, and each UE will be assigned with a group id. The group id will be reported together with measurement results in measurement report. Network would then decide to handover all the UEs in this group or some of them.
Proposal 5: Group based handover should be supported with the following:
· Divide UE into several groups and assign each UE with a group id.
· UE report the group id together with the measurement results in measurement report.
· Network decide to handover all the UEs or some of them in this group and send HO command to each UE.
3. Conclusion and proposals
Based on the analysis in previous sections, the following proposals are given: 
Location based cell reselection in NTN-NTN mobility
Proposal 1a: Location based cell reselection should be supported by introducing a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies 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 1b: 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.
Time based cell reselection in NTN-NTN mobility
Proposal 2a: Among neighbor cells with similar RSRP/RSRQ, those with longer valid time should be prioritized during cell reselection.
Proposal 2b: 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.
Cell reselection enhancements in NTN-TN mobility
Proposal 3a: An indication is provided from the camped cell to UE to enable autonomous search function for cells of another network type, e.g. TN or NTN. 
Proposal 3b: For UE in RRC_CONNECTED, a proximity indication can be sent to the network to indicate that the UE is entering or leaving the proximity of one or more cells of another network type which are detected based on autonomous search function.
Index based handover command
Proposal 4: The CHO candidate target cell identity or index can be included in the HO command to trigger conventional handover to this cell thus the detailed configuration would be omitted and UE should apply the condRRCReconfig stored for this cell.
Group based mobility
Proposal 5: Group based handover should be supported with the following:
· Divide UE into several groups and assign each UE with a group id.
· UE report the group id together with the measurement results in measurement report.
· Network decide to handover all the UEs or some of them in this group and send HO command to each UE.
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