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Introduction
In RAN2#112e [1], the following was agreed regarding  the incorporation of location information into conditional handover (CHO) in NTN:
· The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 
· Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.
From RAN2#113bise [2] the following was further agreed:
· The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE
This contribution continues the discussion about how a location-based CHO execution condition can be defined in NTN including configuration aspects, reference point definition, and how information regarding the reference point can be provided to the UE in an efficient manner.
Discussion
Incorperating location information into the handover procedure is useful to improve robustness in an NTN environment. For example, determining if a UE is approaching the edge of serving cell coverage using a strictly measurement-based approach may not suitable NTN considering the much larger region of overlap between cells and reduced signal strength difference between cell center and cell edge as described in TR 38.821.
However, performing mobility only based on location could encounter issues. For example, cell coverage could be deformed by the curvature of the earth into a more eliptical shape. This could create non-uniform coverage at a given distance from cell center, with UEs along the semi-major axis remaining in coverage further away from cell center than those along the semi-minor axis. By instead combining both location and measurement-based CHO execution conditions together, a robust CHO framework can be developped. 
Proposal 1:	Location-based CHO execution triggering is always configured with a measurement-based trigger. 
Just as it was agreed timing information describes the time after which the UE is allowed to execute CHO to the candidate target cell, location information could describe a region in which the UE can execute CHO to the candidate target cell. Once within this region, UE may perform mobility to target cell based on fulfillment of a measurement-based CHO execution condition. 
Proposal 2:	Location-based CHO execution triggering describes a region in which UE is allowed to execute CHO to the candidate target cell. 
In RAN2#113bise it was agreed that location in a location-based CHO execution trigger for NTN describes the distance between the UE and a reference location. Candidate options of this reference location discussed in [3] are:
1) Distance between UE and cell centre (either serving or target)
2) Distance between UE and satellite
In each case, the distance between the UE and the reference point describes whether a UE satisfies the location-based condition, after which it is assumed the UE may execute the measurement-based CHO execution condition. The candidate scenarios are illustrated in Figure 1 below:
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Figure 1: How location-based conditions are satisfied for different reference point locations
Consider the first scenario where the reference point is at the satellite (figure 1a). UE_A and UE_B are respectively located at distances X and Y from the satellite. UE_A is at cell edge and UE_B is at cell center, so the location-based condition should be satisfied for UE_A, and should not be satisfied for UE_B. However, UE_C is also at distance Y but is clearly at cell edge, so the location condition should be satisfied. Therefore even though UE_B and UE_C are located at the same distance from the reference point, they should experience different outcomes.
If the reference point is located at serving cell center (figure 1b), comparing the distances between each UE clearly shows UE_B is much closer to cell center than UE_A and UE_C. A simlar observation can be made if instead the target cell center is taken as a reference point (figure 1c) (i.e. UE_B is much further away from neighbouring cells that UE_A or UE_C). With properly configured thresholds, these can correctly satisfy the location condition.
Table 1: Comparison of observed vs. expected outcome for different reference point locations
	Is the location-based condition satisfied?

	
	RP at satellite
	RP at serving cell center
	RP at target cell center
	Expected outcome

	UE_A
	Yes
	Yes
	Yes
	Yes

	UE_B
	No
	No
	No
	No

	UE_C
	No
	Yes
	Yes
	Yes



Observation 1:	To provide consistent behaviour independent of where the UE is located under satellite coverage, the reference point for location-based CHO execution triggering be based on cell center coordinates.
Since cell center coordinates are common to all UEs within a cell, providing them in a broadcast manner would reduce signaling overhead compared to dedicated signalling. Although GEO cell center coordinates could be assumed relatively static, in LEO deployments they would change over time (especially in the earth moving cell scenario). In this case the coordinates would need to be periodically updated, and could be associated with a timestamp to help ensure their validity. Considering frequent updates may be necessary in this case, the signaling reduction by broadcasting cell center coordinates would be even greater.
With the broadcast method, using target cell center as the reference point would require much higher overhead as compared to the serving cell case. In the serving cell case only one set of coordiantes are necessary, whereas in the target cell case all neighbouring cell center coordinates must be broadcast in each cell since  different UEs may be evaluating a different neighbour. The signalling overhead would be even worse considering frequent updates may be necessary for an earth-moving beam cell scenario. 
Furthermore, if location-based CHO execution triggers are always configured with measurement-based triggers, upon satisfaction of the location based criteria the UE could quickly find the best candidate among configured target cells based on RSRP. In this case knowing the distance to each neighbouring cell may provide little benefit.
Proposal 3:	Location-based CHO execution triggers are based on distance from UE to serving cell center.
Proposal 4:	In NTN, serving cell centre coordinates are broadcast via system information.
Proposal 5:	For at least LEO with earth moving cells, serving cell centre coordinates are periodically updated and associated with a timestamp. FFS periodicity of update.
Conclusion
In this contribution the following observation and proposals were made concerning location-based CHO in NTN:
Observation 1:	To provide consistent behaviour independent of where the UE is located under satellite coverage, the reference point for location-based CHO execution triggering be based on cell center coordinates.
Proposal 1:	Location-based CHO execution triggering is always configured with a measurement-based trigger. 
Proposal 2:	Location-based CHO execution triggering describes a region in which UE is allowed to execute CHO to the candidate target cell. 
Proposal 3:	Location-based CHO execution triggers are based on distance from UE to serving cell center.
Proposal 4:	In NTN, serving cell centre coordinates are broadcast via system information.
Proposal 5:	For at least LEO with earth moving cells, serving cell centre coordinates are periodically updated and associated with a timestamp. FFS periodicity of update.
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