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Introduction
From RAN2#111e, the following agreements were reached regarding feeder-link switch in non-terrestrial networks (NTN) [1]:
1. 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).
2. RAN2 to start discussing enhancements for soft feeder link switchover and then solutions for hard feeder link switchover.
Furthermore, an email discussing triggered after RAN2#111e [2] was tasked to evaluate impacts of feeder-link switch to RAN2. This contribution provides views on ongoing feeder-link discussion.
Discussion
Feeder Link Switch for Transparent LEO 
Rel-17 NTN will support both GEO and LEO satellite constellations, where GEO deployments are characterized by large propagation delay and cell size, however stationary and approximately fixed relative to a point on earth. Though propagation delay and cell size is less in LEO deployments, satellites move relative to a fixed point on earth with cells either moving along the ground, or fixed via e.g. beam steering techniques. 
Furthermore, in the Rel-17 NTN WID, it is assumed that a transparent or “bent-pipe” configuration will be deployed, where the gNB is located on the ground and a satellite relays signalling between the gNB and the UE. This configuration is comprised of two “links”: that associated with the connection between the gNB (via a gateway) and satellite, defined as the “feeder-link” and that between the UE and satellite. 
As transparent LEO satellites move around the earth, the satellite may pass a transition point where the serving gNB falls out of coverage, for example, due to the curvature of the earth. At this transition point (or within a time period before), the satellite must establish a new feeder link to an alternative gNB (via a gateway). The point at which the satellite establishes a connection to a new land-based gNB is referred to in the TR as a feeder link switch. 
Two methods to perform a feeder link switch have been agreed for further study: a “hard” feeder link switch and a “soft” feeder link switch. A hard feeder link switch requires the satellite to only maintain one feeder link at a time, thus before establishing a connection to a new gNB, the satellite must first sever the connection with the former serving gNB. 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. 
Issues and enhancements for feeder-link switch
From ongoing RAN2 email discussion [2], most companies have indicated that the following issues should be addressed for both hard and soft feeder-link switch (with the additional hard switch issue of service interruption due to tearing down one feeder & service link and building another):
· Many connected mode UEs need to be moved to next cell within the duration of the feeder link switch
· Many idle mode UEs need to reselect another cell 
As LEO satellite movement is mostly deterministic, the time/location in which a feeder-link switch will occur can be known ahead of time by the network. Supporting enhancements which leverage this advanced information enable preparation prior to the feeder-link switch, (e.g. providing handover configuration in advance) which can minimize the possibility of service interruption and reduce the instantaneous signaling load as the configurations do not need to be provided to all UEs at once. 
This proactive approach would be beneficial as compared to a more reactive solution such as enhancing the re-establishment procedure, where even though service interruption time may be reduced, it may still be quite significant due to the large propagation delay. This delay may also be further compounded if all UEs attempt to perform this action simultaneously, resulting in failed initial re-establishment due to an overloaded channel.
Proposal 1: 	Enhancements which enable advanced preparation or notification before feeder-link switch (e.g. pre-configuration or indication) should be prioritized.
The amount of preparation possible naturally depends on the connection state of the UE. For UEs in connected mode, existing Rel-16 solutions such as conditional handover (CHO), defined as the UE having network configuration for initiating access to the target cell based on configured conditions, is a natural candidate for feeder-link switch. 
However, it is noted that the existing measurement-based triggering criteria may be insufficient for this purpose, e.g. depending on the relative measurements between the “old” and “new” gNB. For example, if the RSRP from the new gNB is greatly superior, the trigger criteria may be fulfilled for all UEs simultaneously, resulting in RACH collisions. On the other hand, if measurements to the new gNB are worse, no UEs will transition (or transition too late) and the connection will be severed without fulfilling the CHO trigger criteria at all.  To provide greater control over when CHO is triggered, NTN specific triggers such as time/location should be further studied (additional discussion on NTN CHO triggers can be found in a companion contribution [3])
Proposal 2: 	Conditional Handover is supported as a feeder-link switch enhancement for UEs in connected mode. FFS additional NTN-specific triggering conditions.
For UEs in Idle/Inactive, cell (re)selection is performed by the UE thus reducing network control of when a UE performs mobility relative to connected mode UEs. However, solutions proposed in [2] discuss providing the UE at least advanced indication of feeder-link switch (e.g. via paging or SI), where such information would be useful to enable e.g. adaptions to cell ranking/reselection. Possible methods to indicate upcoming feeder-link switch to UE are via stored information, system information, or paging indication. 
[bookmark: _GoBack]As other NTN specific information will likely be carried in SIB (e.g. Koffset, satellite ephemeris), for simplicity the feeder-link switch indication can be as well. It is suggested that the time of feeder-link switch be included in the system information, which would be more straightforward as the UE can refer to its internal clock as opposed to requiring the UE to continuously receive updated ephemeris data to track the precise satellite location. As well, to enable possible modification to cell rankings, some method to identify the new gNB (e.g. new PCI) should be provided. Detailed contents of NTN-specific information in SIB however can be FFS.
Proposal 3: 	UE in idle/inactive are informed of the upcoming feeder link switch (about PCI leaving and another PCI appearing due to feeder link switch) in system information. 
Conclusion
In this contribution the following proposals were made regarding feeder-link switch in NTN:
Proposal 1: 	Enhancements which enable advanced preparation or notification before feeder-link switch (e.g. pre-configuration or indication) should be prioritized.
Proposal 2: 	Conditional Handover is supported as a feeder-link switch enhancement for UEs in connected mode. FFS additional NTN-specific triggering conditions.
Proposal 3: 	UE in idle/inactive are informed of the upcoming feeder link switch (about PCI leaving and another PCI appearing due to feeder link switch) in system information. 
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