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1. Introduction
Feeder link switch is one of the key issues that should be addressed in NTN WI. The initial discussion for feeder link switch was triggered in email discussion [RAN2#111e][910] with the following scope [1]:
Scenario 1: Feeder link switch for earth fixed beam, with/without service link switch due to satellite switch
Scenario 2: Feeder link switch for earth moving beam, with/without service link switch due to satellite switch

In RAN2#111e meeting, both soft and hard feeder link switch were agreed to be supported in R17 NTN WI [2]:
Agreements via email - from offline 105:
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. 

In this contribution, we’d like to give more analysis for Scenario 1 and Scenario 2 for both soft and hard feeder link switch use cases and try to identify the potential spec impact.

1. Feeder link switch
Both earth fixed beam and earth moving beam may be applied during feeder link switch, so four feeder link switch scenarios can be defined as below:
Table 1 Feeder link switch use cases
	
	Earth moving beam
	Earth fixed beam

	Soft feeder link switch
	Case1
	Case2

	Hard feeder link switch
	Case3
	Case4



Case1: Soft feeder link switch with earth moving beam;
Case2: Soft feeder link switch with earth fixed beam;
Case3: Hard feeder link switch with earth moving beam;
Case4: Hard feeder link switch with earth fixed beam;
With this clear and simple definition, we may have more easy discussion for the spec impact details.
2.1 Case1/2: Soft feeder link switch with earth moving/fixed beam 
Soft feeder link switch with earth moving beam is illustrated in Figure 1 below:
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Figure 1: Soft feeder link switch with earth moving beam procedure
T0: Satellite 3 only connected to NTN GW1. The UEs in area5 are served by satellite 3 via NTN GW1, while the UEs in area6 are served by satellite 2 via NTN GW2;
T1: Satellite 3 connected to NTN GW1and GW2 simultaneously. The UEs in area5 are served by satellite 3 via NTN GW1, but the UEs located in different region in area6 may be served by different satellites via different NTN GW. If the new generated cell by satellite 3 via NTN GW2 is available before the cell by satellite 2 via NTN GW2 moved away, all the UEs in area6 can be served by GW2 but may be served by different satellites without feeder link switch, otherwise, part of the UEs located in the boundary of area6 may handover to satellite 3, which means parts of UEs located in the boundary of area6 will experience feeder link switch;
T2: Satellite 3 dropped the connection via NTN GW1 and only connected to NTN GW2. If the UEs located in the boundary of area5 can handover to satellite 4 before the Satellite 3 dropped the connection via NTN GW1, all the UEs in area5 can be served by GW1 without feeder link switch, otherwise, part of the UEs located in the boundary of area5 may do intra-satellite handover to new generated cell by satellite 3 via NTN GW2, which means parts of UEs located in the boundary of area5 will experience feeder link switch.
Based on the above analysis, we found from satellite perspective, the feeder link switch can’t be avoided, but from UE point of view, the feeder link switch may or may not happen subjected to the satellite beam overlapping degree and the network mobility control strategy.
For soft feeder link switch with earth fixed beam, the analysis is quite similar, no much difference is identified.
Observation 1: From satellite perspective, the feeder link switch can’t be avoided, but from UE point of view, the feeder link switch may or may not happen subjected to the satellite beam overlapping degree and the network mobility control strategy. This observation is both applied for earth moving and fixed beam cases.
With the above analysis, the next task is to identify the RAN2 spec impact for soft feeder link switch for both earth moving and fixed beam cases. 
For procedure T0 to T1 in Figure 1, the GW2 may autonomously trigger the connection with the satellite3 by implementation, for instance: when the elevation angle of the satellite3 meets the pre-configured condition at GW2 side. 
Observation 2: During soft feeder link switch, the target GW may autonomously trigger the connection with the desired satellite by implementation, for instance, when the elevation angle of the desired satellite meets the pre-configured condition.
Although the feeder link switch may or may not happen from UE side, no much difference is identified from spec perspective for both cases as the RAN2 signaling procedure is the same, i.e. only reconfiguration with sync procedure is involved between both cases.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 1: From RAN2 perspective, no extra spec work is identified for soft feeder link switch compared to service link switch, i.e. the spec impact between soft feeder link switch and service link switch is the same. 
Proposal 2: From RAN2 perspective, no extra spec work is identified for soft feeder link switch with moving beam compared to soft feeder link switch with fixed beam, i.e. the spec impact between soft feeder link switch with moving beam and soft feeder link switch with fixed beam is the same.
2.2 Case3/4: Hard feeder link switch with earth moving/fixed beam
Hard feeder link switch with earth moving beam is illustrated in Figure 1 below:
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Figure 2: Hard feeder link switch with earth moving beam procedure
T0: Satellite 3 only connected to NTN GW1. The UEs in area5 are served by satellite 3 via NTN GW1, while the UEs in area6 are served by satellite 2 via NTN GW2;
T1: Due to satellite capability limitation, Satellite 3 cannot transfer signals from GW1 and GW2 at the same time, so Satellite 3 has to drop the connection with GW1 first and then re-build the connection with GW2 later. The interruption time between the connection dropping and connection re-building should be considered for satellite caused UE mobility control. But considering the uncertainty of the service interruption time from UE perspective,
a wake up timer to search the new cell generated by GW2 should be known by the UE and this info can be provided to UE in the HO procedure. All UEs served by satellite3 will receive the HO command before satellite3 dropping the connection with GW1, after which UE will go to sleep until the configured wake up timer expiry;
T2: When the configured wake up timer expired, the UE will wake up and do DL synchronization first and then access to the target GW.
For procedure T1 to T2 in Figure 2, the GW2 may trigger the connection with the satellite3 after negotiation with the source satellite. The logic reason is that UE will find no signal if the GW2 triggers the connection with the satellite3 after the UE wakes up, which is not desirable from UE experience perspective. So negotiation between source GW and target GW is necessary to guarantee that this is a consistent understanding for the resumption of the satellite signal during hard feeder link switch.
Proposal 3: Negotiation between source GW and target GW is necessary to guarantee that this is a consistent understanding for the resumption of the satellite signal between UE and network during hard feeder link switch.
Based on the above analysis, the following steps are involved during the hard feeder link switch:
Step1:Source GW triggers the negotiation with the target GW for hard feeder link switch and then UE receives the reconfiguration with sync including a wake up timer from network side/GW and goes to sleep, then the source GW drops the connection with the corresponding satellite;
Step2: The target GW triggers the connection with the desired satellite based on the negotiation in step1;
Step3: When the configured wake up timer expires, the UE wakes up and do DL synchronization first and then access to the target GW to recovery the connection.
Proposal 4: RAN2 to agree the following steps for hard feeder link switch:
Step1:Source GW triggers the negotiation with the target GW for hard feeder link switch and then UE receives the reconfiguration with sync including a wake up timer from network side/GW and goes to sleep, then the source GW drops the connection with the corresponding satellite;
Step2: The target GW triggers the connection with the desired satellite based on the negotiation in step1;
Step3: When the configured wake up timer expires, the UE wakes up and do DL synchronization first and then access to the target GW to recovery the connection.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For hard feeder link switch with earth fixed beam, the analysis is quite similar, no much difference is identified.
Proposal 5: From RAN2 perspective, no extra spec work is identified for hard feeder link switch with moving beam compared to hard feeder link switch with fixed beam, i.e. the spec impact between hard feeder link switch with moving beam and hard feeder link switch with fixed beam is the same.
Anyway RAN1 and RAN3 are both involved for feeder link switch, so coordination between RAN2 and RAN1/RAN3 is still needed for better alignment.
Proposal 6: Send LS to RAN1/RAN3 to inform them of RAN2 agreements for feeder link switch.
1. Conclusion
In conclusion, we propose the followings:
Observation 1: From satellite perspective, the feeder link switch can’t be avoided, but from UE point of view, the feeder link switch may or may not happen subjected to the satellite beam overlapping degree and the network mobility control strategy. This observation is both applied for earth moving and fixed beam cases.
Observation 2: During soft feeder link switch, the target GW may autonomously trigger the connection with the desired satellite by implementation, for instance, when the elevation angle of the desired satellite meets the pre-configured condition.
Proposal 1: From RAN2 perspective, no extra spec work is identified for soft feeder link switch compared to service link switch, i.e. the spec impact between soft feeder link switch and service link switch is the same. 
Proposal 2: From RAN2 perspective, no extra spec work is identified for soft feeder link switch with moving beam compared to soft feeder link switch with fixed beam, i.e. the spec impact between soft feeder link switch with moving beam and soft feeder link switch with fixed beam is the same.
Proposal 3: Negotiation between source GW and target GW is necessary to guarantee that this is a consistent understanding for the resumption of the satellite signal between UE and network during hard feeder link switch.
Proposal 4: RAN2 to agree the following steps for hard feeder link switch:
Step1:Source GW triggers the negotiation with the target GW for hard feeder link switch and then UE receives the reconfiguration with sync including a wake up timer from network side/GW and goes to sleep, then the source GW drops the connection with the corresponding satellite;
Step2: The target GW triggers the connection with the desired satellite based on the negotiation in step1;
Step3: When the configured wake up timer expires, the UE wakes up and do DL synchronization first and then access to the target GW to recovery the connection.
Proposal 5: From RAN2 perspective, no extra spec work is identified for hard feeder link switch with moving beam compared to hard feeder link switch with fixed beam, i.e. the spec impact between hard feeder link switch with moving beam and hard feeder link switch with fixed beam is the same.
Proposal 6: Send LS to RAN1/RAN3 to inform them of RAN2 agreements for feeder link switch.
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