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Introduction
RAN2 has discussed and agreed [1][2] that location (of the UE and satellite) can be used as an additional triggering condition for conditional handovers. This can be independent of or jointly with other triggers.
It has also been agreed that in non-terrestrial networks, the variation of signal strength within a beam is significantly less than the variation seen within the coverage of a cell in a terrestrial network. This results in handover issues such as selection of appropriate handover thresholds while avoiding ping-pong between cells. It has been agreed that the UE’s location information and satellite ephemeris information can be useful in mitigating these problems.
In this contribution we provide our views on triggering of conditional handovers in NTN to address the reduced signal strength variation within a beam.
Discussion
Triggering of conditional handover for terrestrial networks is based on conventional handover criteria such as measurement events A3 and A5. For NTN, this brings up two concerns:
1. In a terrestrial network, for a base station that is farther away the UE generally sees a significantly lower signal strength; i.e., the path loss to a farther base station is significantly more than to a nearby base station (see Figure 1). In NTNs, the difference in path loss from two visible satellites is much smaller than the difference in path loss to two terrestrial base stations.
2. In a terrestrial network, the variation in received signal strength from the center of the cell to the edge of the cell is large because the signal propagation is more or less in the same plane as the UE motion. In an NTN, the signal propagation direction is roughly perpendicular to the plane of UE motion. As a result, the variation of signal strength over the footprint of a beam is much less than in the terrestrial network case.
 


 
[bookmark: _Ref16531254]Figure 1: Received signal variation from terrestrial base stations and satellite base stations
Both of these issues make it challenging to configure suitable thresholds for triggering handovers. For example, if a typical value (such as 3 dB) is configured for the A3 threshold (i.e., difference between the target cell measurement and the source cell measurement), then the UE will remain attached to the source cell even when it is located well inside the coverage of the target cell. If a small value is configured for the threshold, variations in measured values due to fading can trigger handovers. 
The UE’s relative location with respect to satellites can potentially be used to make better handover decisions. For example, if two satellite beams are measured at similar RSRP, the one that is closer to the UE or more directly above the UE can be preferred. However, making such decisions requires the UE to obtain and possibly report its location frequently. This leads to significant signalling overhead. Moreover, if CHO is used, the UE’s location at the time of CHO configuration can be quite different from its location at the time the handover occurs.
Observation 1: If conditional handover is used, the UE’s location at the time of CHO configuration can be different from its location at the time the handover occurs. Configuring CHO based on UE’s current location may not be useful given the mobility of the UE.
[bookmark: _GoBack]Use of location information as a trigger for conditional handover has been discussed as noted in the introduction. This would imply that the trigger for execution of the handover would be the UE being entering a geographical region. This would of course require the UE to continuously obtain its location. Furthermore, it is unclear how such a region can be defined based on location coordinates given that it can be an irregular shape. 
Observation 2: Use of location coordinates to trigger a conditional handover implies identifying a handover region based on location coordinates. This would be very complex and it is unclear how this can be done given that handover regions can have arbitrary shapes.
Instead the elevation angle of a satellite can be used to determine its suitability. For example, if the RSRP measurement is weighted by , where  is the elevation angle of the satellite, satellites which are above the UE will show a higher weighted measurement compared to satellites that are closer to the horizon. The elevation angle is available to the UE as part of the ephemeris information at that location.
Proposal: RAN2 should study methods for taking into account elevation angles of source and target cells for NTN handover decisions.
Conclusion
The nature of mobility patterns in NTNs, primarily driven by satellite mobility, makes Conditional handover a very attractive framework for NTNs. We examine issues related to triggers for handover in NTNs. While location information has been considered for support of efficient handovers, we think issues of overhead and suitability for use with Conditional handover make use of location coordinates not particularly attractive for triggering of conditional handover. Below are our observations and proposals:
Observation 1: If conditional handover is used, the UE’s location at the time of CHO configuration can be different from its location at the time the handover occurs. Configuring CHO based on UE’s current location may not be useful given the mobility of the UE.
Observation 2: Use of location coordinates to trigger a conditional handover implies identifying a handover region based on location coordinates. This would be very complex and it is unclear how this can be done given that handover regions can have arbitrary shapes.
Proposal: RAN2 should study methods for taking into account elevation angles of source and target cells for NTN handover decisions.
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