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At the RAN#86 meeting, upon successful completion of the “Study Item on NR support non-terrestrial network” [1], the corresponding work item was approved [2]. The WID objectives related to feeder link switch over for RAN1, RAN2 and RAN3 are recalled hereafter :
	RAN1/RAN2 :
In addition, the following topics should be specified if beneficial and needed
· Feeder link switch [RAN2,RAN1]
· …
RAN 3 : 
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
· …



Working assumptions
The main principles assumed in this paper are summarized below:
1) The satellite payload is transparent.

Feeder link switch over

Problem statement
During NTN operation, it may become necessary to switch the feeder link between different NTN GWs toward the same satellite. This may be due to e.g. maintenance, traffic offloading, or (for LEO) due to the satellite moving out of visibility with respect to the current NTN GW. [1]
Solutions
Solutions overview
During the last SI, RAN3 has identified several solutions (see [1]) to address feeder link switch over assuming transparent payload. The two options have been described thoroughly in Section 8.7.1.1.1 of [1].
Option 1 : Soft feeder link switch over.
Option 2 : Hard feeder link switch over.
· Option 2A : Based on accurate time control
· Option 2B : Based on conditional RRC re-establishment.

Firstly, it can be observed that the solutions that have been proposed to address the NTN feeder link switch over are applicable for both earth fixed and moving beams scenarios. The issue remains the same whether the cell remains fixed on ground or moves since the cells handled through the old NTN GW and the cells handled through the new NTN GW will have the same coverage on the Earth.
The solutions that have been proposed to address the NTN feeder link switch over are applicable for both earth fixed and moving beams scenarios.

Note also that these options can be applied whether the NTN GWs are connected to the same gNB or to two distinct gNBs.
The solutions that have been proposed to address the NTN feeder link switch over are applicable whether the NTN GWs are connected to the same gNB or to two distinct gNBs.

In the following table, we tried to evaluate the pros and cons of each option in order to prioritize which one (s) shall be specified in the coming release.
Table 1 : Comparison of the options identified to address feeder link switch over
	Option
	Pros
	Cons

	Option 1 : Soft feeder link switch over.
	Service continuity is guaranteed for both Connected and Idle UEs
Massive HO Peak Rate can be flatten
Rely only existing NR procedures combined to implementation solutions via proprietary interface
	Transparent Satellite payload design shall enable the establishment of two feeder links simultaneously and the redirection towards the same satellite beam(s).
Loss of capacity during the transition period

	Option 2A : Hard feeder link switch over based on accurate time control.
	No constraint on satellite payload
Service continuity may be guaranteed for Connected UEs
	Accurate time control is needed (which can be very constraining from a system perspective)
Massive HO peak rate
Idle UE cell reselection to the new serving cell cannot be anticipated.
Specification work is needed to define timer-based execution condition for CHO

	Option 2B : Hard feeder link switch over based on conditional RRC re-establishment.
	No constraint on satellite payload

	Service continuity will be impacted
Massive signaling due to potential reestablishment failures
Specification work may be needed to provide assistance information SIB to help RRC re-establishment



Option 1 : Soft feeder link switch over
The principles of the NTN soft feeder link switch over are illustrated on Figure 1. The connections between the NTN GWs and the gNBs are not depicted since the case where the NTN GWs are connected to the same gNB and the case where they are connected to two distinct gNBs are both supported by this solution.
With the switch-over of a feeder link, the handling of the area covered by the satellite through this gateway (GW1) will move to another gateway (GW2). The UE’s in this area that are connected through this GW will have to be handed over to the new GW. As already mentioned, the current and target GW may be connected to the same gNB or not. Thus this switch-over may trigger intra or inter-gNB handovers to move the UE’s in connected mode and cell reselections for the UE in idle mode. The principle for managing the soft switch-over is that the satellite will establish a connection with the new GW while maintaining the connection with the current GW during a short while. It will setup new cells through the new GW to cover the area, allowing to move all the UE’s located in the concerned area to the new cells before disconnecting the feeder link with the former GW, without service interruption for the UE.
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[bookmark: _Ref46823178]Figure 1 : Illustration of the soft feeder link switch over
From our perspective, Option 1 is the preferred option and should be supported as first priority. The reasoning is developed below.
Firstly, as already mentioned, Option 1can guarantee service continuity.
NTN soft feeder link switch over can guarantee service continuity.
Moreover, this option relies on existing NR procedure :
· For the connected UEs : The network can trigger blind HO (inter or intra gNB depending on the scenario) so the connected UEs can be handed over to the newly established cell. Since feeder link switch over are deterministic event, the blind HO procedures can be triggered with enough anticipation and distributed as desired thorough the transition period. In such way, massive HO peak rates can be avoided.
· For the idle UEs : Once the new cell has been setup, the neighboring information broadcast in the SIB of the source cell should be updated (e.g. NG RAN NODE CONFIGURATION UPDATE in TS 38.423) to inform the UEs that are camping on it of the presence of the new cell. In order to force the idle UEs to perform a cell reselection before the cell managed through the former GW disappear or to avoid that a new UE enters such a cell, the source gNB may bar  the cell during the transition period.
 
Note that some enhancements have been discussed in RAN3 such as the introduction of a new Xn SATELLITE CONNECTION REQUEST to help sync up the aforementioned procedures between the two gNBs (see Section 8.7.2.1 [1]). However, it should be mentioned that it can also be addressed via proprietary interface between the gnB(s) and the NTN Control Center (NCC). Indeed, the NCC may inform directly the source gNB and the target gNB when to create and delete the cells and move the UEs. In Annex A, we have provided an example of call flow execution to explain with more details how soft feeder link switch over can be managed through the NCC. At the ned, this means that Option 1 does not require essential specification adaptation or update to be supported. Knowing that the WI progress is going to be severely impacted by the e-meetings, we believe the acceptable solution  requiring the less specification impacts shall be prioritized.
Supporting NTN soft feeder link switch over does not require essential specification adaption or update.
Finally, the main constrain of such solution is that it can only be implemented by transparent satellite payload with the capability to establish and maintain two feeder links simultaneously and redirect them towards the same satellite beam(s). It is true that such constraint can have an impact on the satellite cost. However, it shall also be acknowledged that the telecommunication satellite industry has been more and more driven by the payload flexibility. This allows the operators to adapt their satellite network deployment  thorough the satellite lifespan depending on the regulation changes, the market changes, the evolution and maintenance of its ground segment (NTN GWs). As a consequence, satellite payloads with the aforementioned capabilities can be considered today as a common standard rather than an exception.
The implementation of NTN soft feeder link switch over implies reasonable constraints on the transparent satellite payload design. 
Supporting NTN soft feeder link switch over shall be considered as first priority for Rel. 17.
Solution 2 : Hard feeder link switch over
The principles of the NTN hard feeder link switch over are illustrated on Figure 2.
In case the satellite is not able to have two feeder links established at the same time, an hard switch over must be performed to change the GW. In this case there is no overlapping time between GW1 and GW2. At the switch over the gNB1 will delete the cell 1 while the GW1 releases the feeder link and then the GW2 will establish a new feeder link, which will allow the gNB2 to establish a new cell (cell 2) with the same coverage than the former cell 1. UEs which were served by cell 1 will have to move to cell 2.
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[bookmark: _Ref46823257]Figure 2 : Illustration of the hard feeder link switch over
Option 2A can also be investigated during the WI. The constraint regarding the accurate time control at the system level may turned out to be much more limiting for the operators than the constrain on the satellite payload and may also have a severe impact on the overall system cost.  Furthermore, for this option to be supported, some specification work is needed. This is why, we propose to address this solution as a second priority.
Option 2B seems to introduce some impact on the service continuity. These impacts should be characterized before making any progress on the solution specification. This task may be time consuming. As a consequence, , we propose to address this solution as a second priority.
NTN hard feeder link switch over may not guarantee service continuity
Supporting NTN hard feeder link switch over may require some specification adaption.
Supporting NTN hard feeder link switch over shall be considered as second priority for Rel. 17.


Conclusion
In this paper, the following observations and proposal have been made :
1. The solutions that have been proposed to address the NTN feeder link switch over are applicable for both earth fixed and moving beams scenarios.
1. The solutions that have been proposed to address the NTN feeder link switch over are applicable whether the NTN GWs are connected to the same gNB or to two distinct gNBs.
1. NTN soft feeder link switch over can guarantee service continuity
1. Supporting NTN soft feeder link switch over does not require essential specification adaption or update.
1. The implementation of NTN soft feeder link switch over implies reasonable constraints on the transparent satellite payload design. 
1. NTN hard feeder link switch over may not guarantee service continuity
1. Supporting NTN hard feeder link switch over will require some specification adaption.

1. Supporting NTN soft feeder link switch over shall be considered as first priority for Rel. 17.
1. Supporting NTN hard feeder link switch over shall be considered as second priority for Rel. 17.


Annex A : Execution of the Soft Feeder Link Switch Over (Option 1)
The equipments of the Non Terrestrial Network are managed by an NTN Control Center which ensures the alignment of the configuration of the gNB, NTN GW and the satellites and manages the coverage area of each satellite. The NTN Control Center is also responsible for setting up and releasing the feeder links between the GW and the satellites. The interfaces between the NTN Control Center and the GW and the gNB is done through proprietary interfaces.
In case the feeder link has to be soft switched over to a new GW, the NTN Control Center will trigger the establishment of a feeder link with this new GW. It will also inform the associated gNB of the establishment of the link, allowing to setup new cells to cover the same area that the one covered by the old gNB and to handoff UEs located in this area to this new gNB. At a later time, when all UE have been handed, it will inform the old gNB that the switch-over has been performed, allowing to deactivate the cells managed through the old GW and disconnect the feeder link with this GW.
[image: ]
Figure 3 : Call flow of the execution of Feeder link switch over in case of Soft Feeder Link Switch Over
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