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Introduction
In RAN #86, the WI for NTN support in NR has been approved with following objectives [1]: 
The following NG-RAN architecture enhancements should be specified (see TR 38.821)
· to support feeder link switch over in Transparent payload architecture based LEO scenarios
· network identities handling
· registration update and paging handling
· cell relation handling and related features e.g. neighbours, ANR, RAN paging … 
[bookmark: _Hlk528874692]In the August meetings the RAN working groups agreed to support both soft and hard feeder link switch, so in this contribution, we discuss feeder link switch for transparent LEO scenario, and evaluate possible options captured in TR 38.821 [2].
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. 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.
‘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.
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In the TR a method is defined to signal over the Xn interface using an Xn Satellite Connection procedure
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It is clear that this method would allow for full feeder link switch without dropping UEs
‘Hard’ 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. 
As a hard feeder link switch entails the satellite severing the connection with the former serving gNB, all connected UEs must be simultaneously transition to the new gNB once the new feeder link is established. Given the large cell sizes and possible user density in NTN, this could lead to a RACH storm with frequent RACH collision. As well, given the increased propagation delay in NTN the signalling required to perform RRC re-establishment to a new gNB (e.g. RLF detection, cell selection, potential re-establishment failure) may introduce significant signalling latency and possible service interruption.
The TR captures possible methods to mitigate these issues for hard feeder link switch. 
The first method is to have the switch at a particular moment of time, for example, the HO command may be sent to all UEs prior to the switch with an activation time included in the HO command to properly time the HO to after the feeder link switch. However, synchronizing a potentially very large number UEs to perform handover without collision introduces additional complexity, in addition to service interruption for UEs which are scheduled to perform HO later.
The second method is to compensate for the portion of UEs which may not be able to perform handover, that the network may provide additional information to the UE to reduce time for RRC re-establishment such as next cell identity. However, based on current Rel-16 specification this may assume that there is an interface between the target gNB and last serving gNB, for example, to retrieve UE context data. As simultaneous feeder links are not support in a hard switch, the only method for gNBs exchange this information is via land-based connection. Since the source and target gNBs may be located very far away (e.g. on different continents) the exchange of information may also take significant time, which is much more time critical for the hard switch, should a land-based connection even exist. This may result at best possible service interruption to the UE.
RAN3 Standardization Impacts
The above discussion considers what was already studied for both soft and hard switch, looking into the details the following is a summary of the standardization impacts for RAN3 specifications for feeder link switch:
Xn Message to trigger establishment of the second link for soft feeder link switch 
As defined in the study, a XN Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject are needed. 
After the Satellite has moved out of the range of the source gNB, the source gNB will know about it from the dropping of the link so no release message is needed from target gNB to source gNB. 
For scenarios where GW1 and GW2 are connected to the same gNB there is no RAN3 standards impact to a feeder link switch. 
Proposal 1: A XN Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject are needed.
Xn Message to trigger establishment and switch over of the second link for hard feeder link switch
The procedure for hard switch looks like it is similar to soft switch, except that instead of establishing a second simultaneous link you are actually dropping the first link to establish the second. Therefore, the same XN Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject can be used, with an optional parameter included only for hard switch which is the timing reference for the switch. There is no need for a flag in the request to denote that this is a hard or soft switch because there already will be a timing reference if it is hard, and also it is unlikely that a particular pair of gNB will be alternating between hard and soft switch. 
Proposal 2: The same XN Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject are needed with a time reference for the hard switch.
NG Messages for hard or soft switch
[bookmark: _Hlk54278804][bookmark: _Hlk54278982]The question here is whether you can guarantee a Xn interface between gNBs involved in feeder switch. In fact as described above in section 2.3, hard switch requires very fast exchange of information it would be difficult to get it to work without a direct Xn interface, instead of routing needed information through the core network(s), soft switch while not as time critical still involves moving UEs in a relatively short period of time and thus is under the similar constraint. Therefore, we think a feeder-link switch would only be practical, particularly for a hard switch, if an Xn interface exists. However, if it can’t be guaranteed, the same Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject would be needed for NG.
Proposal 3: There is probably not a need to trigger a soft or hard switch over the NG interface, but if it is determined that it is needed, the same Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject can be used.
XN Enhancements for hard switch for assistance data
This discussion is premature and would need to be looked at when RAN2 has come to more firm decisions on how to handle hard switch. Depending on the group of solutions there can be improvements on the RAN3 specifications. 
Proposal 4: It is premature to discuss any enhancement to existing procedures to assist UEs during a hard switch until RAN2 has determined the tools that will be used over the radio interface.
Conclusion
The following are the conclusions for the impact on RAN3 specifications for feeder link switch:
Proposal 1: A XN Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject are needed.
Proposal 2: The same XN Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject are needed with a time reference for the hard switch.
Proposal 3: There is probably not a need to trigger a soft or hard switch over the NG interface, but if it is determined that it is needed, the same Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject can be used.
Proposal 4: It is premature to discuss any enhancement to existing procedures to assist UEs during a hard switch until RAN2 has determined the tools that will be used over the radio interface.
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