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Introduction
Based on the email discussion on mobility issues in NTN [1] the following are issues are recognized for non-terrestrial networks:
· The large propagation delays introduce latency in signalling required to support mobility – such as measurement reports and handover commands. 
· The high speeds of non GEO satellites relative to a point on the earth result in frequent handovers for all UEs (including stationary UEs).
· The signal strength variation within a beam footprint is significantly smaller than corresponding terrestrial network cases (due to the fact that the direction of signal propagation is perpendicular to the plane of UE movement).
Conditional handover has been discussed as a potential solution for addressing some of the mobility issues in NTN. In this contribution we discuss details of conditional handover as applied to NTN.
Discussion
As mentioned above, in an NTN, the duration from UE sending a measurement report to the network (to or via the satellite) can be orders of magnitude larger than in terrestrial networks. The longer durations imply longer service interruption times. The longer durations can also mean higher likelihood of handover failures. 
LEO satellites travel at speeds of several km per second. Combined with beam sizes in the 10s of kms, this results in frequent handovers. Unlike in terrestrial networks, this includes all UEs – even stationary ones. Managing such a large number of UE handovers in real time is likely to be very difficult.
The conditional handover (CHO) framework seems particularly appropriate to address the above issues. CHO is being designed to minimize interruption and handover failures. The principle is to configure a UE with some conditions which should cause the UE to initiate a handover. If the conditions are met, the UE executes the handover without the need for a handover command from the network. One consequence of applying the CHO framework to NTN is that as the signal gets worse, the UE does not have to wait to transmit a measurement report and receive a handover command before switching to the target cell. Thus CHO is especially useful for NTNs, more so than for terrestrial networks.
Observation 1: Conditional HO is more important for NTN than for terrestrial networks, given the reduction in time from when signal degradation is observed to execution of handover. 
Given that mobility in NTN is largely governed by satellite motion (rather than UE motion), the same CHO configuration can be applied to all UEs in the coverage of the cell (i.e., the target cell will be the same, and the signal conditions at handover will be similar). CHO framework also makes it much easier to manage the large numbers of handovers, since the CHO can be configured well ahead of time. Furthermore, CHO configuration can be performed for large groups of UEs using broadcast signalling.
Observation 2: The large number of handovers can be managed by configuring CHO for groups of UEs, given that the mobility of the satellites is entirely predictable.
Proposal 1: Conditional handover is supported in Non-terrestrial networks.
Triggering of Conditional Handover
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 location information 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 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 3: 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.
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 2: RAN2 should study methods for taking into account elevation angles of source and target cells for NTN handover decisions.
Conclusion
In this contribution we have studied issues of handover in Non-terrestrial networks. The nature of mobility patterns in NTNs, primarily driven by satellite mobility, makes Conditional handover a very attractive framework for NTNs. We also 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 it not particularly attractive. Below are our observations and proposals:
Observation 1: Conditional HO is more important for NTN than for terrestrial networks, given the reduction in time from when signal degradation is observed to execution of handover. 
Observation 2: The large number of handovers can be managed by configuring CHO for groups of UEs, given that the mobility of the satellites is entirely predictable.
Proposal 1: Conditional handover is supported in Non-terrestrial networks.
Observation 3: 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.
Proposal 2: RAN2 should study methods for taking into account elevation angles of source and target cells for NTN handover decisions.
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