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Introduction
From RAN2#111e [1], the following agreements were reached regarding feeder-link switch in non-terrestrial networks (NTN):
· Both soft and hard feeder link switchover (e.g. for Non GSO) are supported.
· Note: This requires satellite to be connected to one NTN GW at a time (hard switch) or at least two NTN GWs simultaneously (soft switch).
· RAN2 to start discussing enhancements for soft feeder link switchover and then solutions for hard feeder link switchover.
From RAN2#112e [2], the following was agreed regarding including timing information into the CHO procedure:
· 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. 
· Time or timer 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 time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
From RAN2#113bise [3], the following describes how timing information is defined:
· Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
· Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).
RAN3 has also discussed in its areas of responsibility, time synchronized changes based on satellite feeder link switch. In RAN3 #111e RAN3 agreed [5] to support the use case of central coordination of feeder link switch (decentralized feeder link switch is FFS).  Additionally in RAN3 #110e and #111e, companies discussed neighbor cell information that is valid for periods of time while the satellite while the satellite roams the earth, however RAN3 has not agreed whether this information is exchanged via O&M or over Xn. 
This contribution discusses how time can be incorperated into conditional handover for both the general mobility case, as well as the special case of soft feeder-link switch.
Discussion
In RAN2#113bis-e it was agreed timing information for CHO describes the time after which the UE can execute CHO to a candidate target. It is currently a working assumption that this information is in the form of a timer, which may be revised to UTC time (e.g. if the timer lacks accuracy due to RTT in NTN). 
Prior to RACH procedure, RTT would be largely pre-compensated and further refined via legacy mechanisms (e.g. timing advance MAC CE). It can therefore be assumed that connected mode UEs would have fairly accurate time synchronization with gNB. Coupling time-based CHO execution condition with a measurement-based execution condition provides further redundancy, so in the general case a timer-based solution should be sufficient and simple to implement.
Proposal 1:	For general mobility case, confirm the following working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers.
The currently defined timer/measurement-based CHO framework may not be sufficient for the special case of soft feeder-link switch. A soft feeder link switch allows the satellite to maintain multiple feeder links for a period prior to severing the connection with the former serving gNB, assuming that the satellite can represent cells of two different gNBs over a given area using the same satellite, but via different land-based GWs. 
[image: ]
Figure 1: An example of soft feeder-link switch [4]
For UEs in connected mode, conditional handover (CHO) is a natural candidate for a feeder-link switch given the ability for target cell pre-configuration. However, as the currently defined time/measurement CHO framework has no way of forcing the UE to perform mobility by a certain time, relying on measurement-based triggering criteria may lead to handover failure. For example, if the RSRP from the new gNB is greatly superior, the trigger criteria may be fulfilled for many UEs simultaneously, resulting in RACH collisions. On the other hand, if measurements to the new gNB are worse, not all UEs will transition (or transition too late) and the connection will be severed without fulfilling the CHO trigger criteria at all.  Although the likelihood all UEs would experience the same delta in radio conditions is unlikely, considering feeder-link switch requires all UEs served by the entire satellite to be transitioned over to the new gateway, there is a good chance this could occur for at least some UEs.
Instead, UEs could be configured with a UTC time-based CHO execution trigger coupled with a low-threshold A4 measurement trigger. If the measurement threshold is satisfied, upon reaching this time UE will trigger mobility to configured target cell. By proper configuration, UE mobility could be spread out in time prior to the feeder-link switch, reducing the possibility of RACH collision. The measurement criteria would represent the minimum RSRP value necessary to ensure UE could actually connect to target cell (e.g. the target cell could actually be worse than the serving cell). This would be necessary to ensure that there is sufficient signal quality in the target cell so that UE would not immediately experience radio link failure. Even though signal strength/quality in the new cell may be inferior in the short term, considering the former serving cell will completely disappear this can be considered acceptable. 
Proposal 2:	For soft feeder-link switch, a UTC time-based CHO execution trigger is introduced and combined with a low-threshold A4 trigger.
Conclusion
The following proposals are made concerning time-triggered CHO for soft feeder-link switch:
Proposal 1:	For general mobility case, confirm the following working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers.
Proposal 2:	For soft feeder-link switch, a UTC time-based CHO execution trigger is introduced and combined with a low-threshold A4 trigger.
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