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1   Introduction

In the previous RAN3 meetings, we discussed the RAN3 impact on supporting of feeder link switch. We have agreed that both soft and hard feeder link switchover are supported in Rel-17. Furthermore, some agreements were achieved [1]:

NTN encompasses NTN-GW(s) deployed on ground, NTN payload on board space/airborne vehicle(s) and functions to control the vehicles as well as the radio resources of the NTN payload(s) are out of 3GPP scope.

The feeder link switch-over is controlled by NTN control functions which are out of 3GPP scope.

It is assumed that the gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs 

The execution of feeder link switch over may involve procedures over Xn and/or NG interfaces
However, there’re still some open issues to be further investigated, as below:
1: By which entity (e.g. NTN control functions) and how (by signalling or OAM) gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs.

2: The need to exchange updates on cell relation info between RAN nodes via Xn/NG to make proper RRM measurement configuration, and handover preparation (set the target cell id). The details of the procedure/message sequence during feeder link switch over. The principles of how feeder-link switchover works in terms of the role of involved nodes, functions, and exchange of information (taking into account RAN2 outcomes).

3: For soft switch over, the need for enhancing features for hand-over and  neighbouring relationship update (e.g. RACH less, RACH attempts distribution, collective hand-over) that will minimize signalling overhead during feeder link switch over (taking into account RAN2 outcomes).

4: For hard switch over, the need for possible enhancing features to minimize radio link interruption delay.

5: Relationship between NTN system and gNB. (possible TP for an annex of 38.300)

6: Further discuss a figure illustrating the feeder link switch considering figures in 8.7.1.1.1/2 of TR38.821 as starting point

In this contribution, we will further analyse the open issues, and provide corresponding observations and proposals.

2   Discussion

In this section, we will discuss the remaining issues one by one. 
1: By which entity (e.g. NTN control functions) and how (by signalling or OAM) gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs.
As the movement of the satellite is predictable, NTN control functions, gNB or NTN-GW can clearly know the orbit info of a LEO satellite at any given time according to the ephemeris information. Based on this assumption, NTN control functions (or OAM) can decide when to switch the feeder link for a LEO, and configure the source gNB/NTN GW when to disconnect with the satellite, and the target gNB/NTN GW when to connect with the satellite. Or NTN control functions (or OAM) could configure some strategies for feeder link switch according to ephemeris information, the gNBs/NTN GWs connect or disconnect with the satellite when the condition is fulfilled, e.g. the source gNB/NTN-GW shall disconnect with a satellite when the distance between the satellite and NTN-GW becomes bigger than a threshold, or the angle of elevation of the satellite becomes smaller than a threshold.
Proposal 1: NTN control functions (or OAM) could control the feeder link switch by providing the strategy of feeder link switch for corresponding gNBs and NTN GWs.  
2: The need to exchange updates on cell relation info between RAN nodes via Xn/NG to make proper RRM measurement configuration, and handover preparation (set the target cell id). The details of the procedure/message sequence during feeder link switch over. The principles of how feeder-link switchover works in terms of the role of involved nodes, functions, and exchange of information (taking into account RAN2 outcomes).
To make the feeder link switchover smoothly, the source gNB needs to know the target cells to be served by the target gNB and the satellite. 
For soft switchover, the overlapped cells from the source NTN GW and the target NTN GW are provided simultaneously. Therefore, UE could handover from the old cell (via old feeder link) to the new cell (via the new feeder link) smoothly, just like the normal service link handover. The key point of the procedure is to exchange the neighbour relations between the gNBs behind the two NTN GWs. As this info is essential for the UEs to correctly measure the neighbour cells, trigger the measurement report and the subsequent handover procedure. 

For the hard feeder link switch, one satellite could only be connected to one feeder link at any time, there’re no overlapped cells between the source and target gNB. However, it’s essential for the source gNB to get the cell identity with the same coverage but to be served by the target gNB a little while later, as the target CGI is mandatory info required for handover preparation procedure. 
Observation 1: Obtain the target cell(s) (to be) generated by the target gNB is essential and necessary for the source gNB for both soft and hard feeder link switch.

There’re some options on how to exchange the information:

· Option 1: Via OAM configuration

· Option 2: Use existing NG-RAN node Configuration Update procedure.

· Option 3: Define new procedure, e.g. Feeder Link Switch.

For the option 1, pre-configure to the source NG-RAN node the target cells to be generated in the target NG-RAN nodes via the new feeder link. It’s possible, but considering the fast moving of the LEO, feeder link switch may occur frequently for the LEOs, it may bring extra complexity for OAM configuration.

For the option 2, before exchange the cell relations between source and target NG-RAN node, how can source NG-RAN node know the neighbour cells from the target NG-RAN node, and how can target gNB know the neighbour cells from the source NG-RAN node? If it’s done by OAM, the configuration update is not really needed.  
For the option 3, it’s easier and has no impact to the legacy NG-RAN Node Configuration Update procedure. 
As the radio resources is managed in the NG-RAN, it’s assumed the two gNBs could decide the radio resources towards the switching satellite, then two gNBs could exchange the radio resources between each other via the new signalling. The procedure is also easy for extension if we need to exchange more info in feeder link switch.

Proposal 2: Introduce a new non-UE Xn procedure for feeder link switch, to exchange the necessary info between the gNBs, including satellite information, served cell(s) information.

In case one satellite serves more than one cells, e.g. different cells are formed by different beams of the satellites. The cell list exchanged between the source and target gNB should have the same order, to make the source gNB know the relationship between the current serving cells and the target cells generated by the target gNB, e.g. the cell11 is overlapped with cell 1, cell 12 is overlapped with cell 2, etc.   To achieve this, some kind of restriction is needed, e.g. the gNB should provide the serving cell list associated to one satellite with the same order of its beams. Or add one explicitly index for each serving cell.

Proposal 3: the order of the serving cell list should be kept same between the source and target gNBs to maintain the correct neighbour relationship.

As in the real deployment, maybe there’re thousands of kilometres between the two NTN GWs. We could not assume the Xn interface between the two gNBs in the different NTN GWs is always available. Therefore, we should also consider the feeder link switch procedure over the NG interface.

Observation 2: We could not assume the Xn interface between the two gNBs in the different NTN GWs is always available.

Similar to the Xn, potential options to support feeder link switch (at least the exchange of serving cell info) over NG:

· Option 1: via OAM configuration

· Option 2. Introduce a new NGAP procedure to exchange necessary info for feeder link switch (like Xn).
· Option 3. Exchange necessary info in the Container of the existing NGAP procedure, e.g. add an IE “Satellite Configuration Transfer” in UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER NGAP messages, just like the “SON Configuration Transfer”.

As analysed in Xn part, OAM is possible but not the preferred considering the complexity. To minimize the impact to the core network, the option 3 is preferred than option 2.

Proposal 4: In NG, introduce a Container to transfer the satellite configuration in UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER NGAP messages.
3: For soft switch over, the need for enhancing features for hand-over and  neighbouring relationship update (e.g. RACH less, RACH attempts distribution, collective hand-over) that will minimize signalling overhead during feeder link switch over (taking into account RAN2 outcomes).
4: For hard switch over, the need for possible enhancing features to minimize radio link interruption delay.
The maintenance of neighbouring relationship during feeder link switchover has been discussed above.   
How to minimize signalling overhead for feeder link switch should be discussed in RAN1 and RAN2 first. RAN2 has agreed to apply CHO for the UEs in service link handover and feeder link switchover case. From RAN3 point of view, the existing Xn/NG handover procedure could be taken as the baseline.

For hard feeder link switch, the precious timing control seems needed. E.g. in Handover command, the deactivation time of the serving cell should be indicated, and the activation time of the target cell will be helpful. Further input from RAN1 and RAN2 is needed before designing the network interfaces in RAN3.
Proposal 5: the existing Xn/NG handover procedure could be taken as the baseline, whether and how to further minimize signalling overhead for feeder link switch are pending to RAN1 and RAN2.
5: Relationship between NTN system and gNB. (possible TP for an annex of 38.300)
In the summary of email discussion [3], we initially discussed the relationship between NTN system and gNB, and had no consensus yet.
[image: image1.emf]NTN system (non 3GPP defined)

UE

gNB

NTN-payload

(On board vehicle)

NTN-gateway

NTN

Control functions

NR-Uu

NR-Uu (*)

Feeder link

(*) NR-Uu transported over

non 3GPP defined transmission link

NTN Radio Remote Head

[TBD]


Figure X.Y: NTN system and its interactions with UE and gNB 

We understand that for GEO/LEO with transparent payload scenarios, the feeder link between the NTN GW and the space/airborne vehicle(s), the service link between space/airborne vehicle(s) and UE carry the NR-Uu interface. Thus, it seems NTN system could be treated as a kind of repeater of the gNB. 

In terrestrial network, NG-RAN can use repeater, but it is not described in the overall architecture. With the same principle, the figure above should not be captured as the overall architecture, it could be captured as a reference deployment in the annex. 
Proposal 6: NTN System could be treated as a repeater of the gNB, the figure x.y in [3] could be endorsed in the annex of TS 38.300 as the reference deployment.
6: Further discuss a figure illustrating the feeder link switch considering figures in 8.7.1.1.1/2 of TR38.821 as starting point

In last meeting some companies provided the figures to illustrate the feeder link switch, we have not reached the consensus on which figure to be used. However, most of the companies suggested to start from the figures inTR 38.821.
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Figure 8.7.1.1-1: Feeder link switch for transparent LEO NTN

Figure 8.7.1.1-1 shows the feeder link switch for a transparent LEO. With the motion of a LEO, the feeder link will be switched from the GW1(gNB1) to GW2(gNB2). For details, the switch could be interpreted to soft switch and  hard switch, which could be illustrated with the figure 8.7.1.1-2 and 8.7.1.1-3.
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Figure 8.7.1.1-2: Feeder link switch over for LEO transparent satellite with two feeder links serving the satellite during the switch

Figure 8.7.1.1-2 shows an example of soft feeder link switch from GW1 to GW2 for an transparent LEO.
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Figure 8.7.1.1-3: Feeder link switch over for LEO transparent satellite with one feeder links serving the satellite during the switch

Figure 8.7.1.1-3 shows an example of hard feeder link switch from GW1 to GW2 for an transparent LEO. At time T1, the satellite stops to transfer the signalling from the serving GW1. At time T2, the satellite starts to transfer the signalling from the target GW2.
We could capture the figures 8.7.1.1-1, 8.7.1.1-2 and 8.7.1.1-3 of TR 38.821 into TS 38.300 to illustrate the feeder link switch. 
Proposal 7: Capture the figures 8.7.1.1-1, 8.7.1.1-2 and 8.7.1.1-3 of TR 38.821 into TS 38.300 to illustrate the feeder link switch.

On basis of the description of feeder link switch in TR 38.821[2] and the discussion above, we provide a simple stage 2 TP for TS 38.300 in section 5.
Proposal 8: Discuss and agree the stage 2 TP for feeder link switch in section 5.
3   Proposal
In this contribution, we discussed the open issues for feeder link switch over in transparent payload architecture based LEO scenarios. Based on the discussion, we provided the following observations and proposals:

Proposal 1: NTN control functions (or OAM) could control the feeder link switch by providing the strategy of feeder link switch for corresponding gNBs and NTN GWs.  
Observation 1: Obtain the target cell(s) (to be) generated by the target gNB is essential and necessary for the source gNB for both soft and hard feeder link switch.

Proposal 2: Introduce a new non-UE Xn procedure for feeder link switch, to exchange the necessary info between the gNBs, including satellite information, served cell(s) information.

Proposal 3: the order of the serving cell list should be kept same between the source and target gNBs to maintain the correct neighbour relationship.

Observation 2: We could not assume the Xn interface between the two gNBs in the different NTN GWs is always available.

Proposal 4: In NG, introduce a Container to transfer the satellite configuration in UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER NGAP messages.

Proposal 5: the existing Xn/NG handover procedure could be taken as the baseline, whether and how to further minimize signalling overhead for feeder link switch are pending to RAN1 and RAN2.

Proposal 6: NTN System could be treated as a repeater of the gNB, the figure x.y in [3] could be endorsed in the annex of TS 38.300 as the reference deployment.
Proposal 7: Capture the figures 8.7.1.1-1, 8.7.1.1-2 and 8.7.1.1-3 of TR 38.821 into TS 38.300 to illustrate the feeder link switch.

Proposal 8: Discuss and agree the stage 2 TP for feeder link switch in section 5.

4   Reference
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[3] R3-207063 CB: # 22_ NTNfeederLinkSwitch  (2nd round summary)
5   TP for BL CR for TS 38.300

Begin of the Text Proposal
4.x.4
Feeder link switch over

4.x.4.1 Definitions

A feeder link switch over is the procedure where the feeder link is changed from a source NTN gateway to a target NTN gateway. The feeder link switch over is a Transport Network Layer procedure.
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Figure 4.x.4-1: Feeder link switch for transparent LEO NTN

Figure 4.x.4-1 shows the feeder link switch for transparent LEO. As seen from the figure, in the transparent case the gNB is on earth thus there will be a switch from gNB1 to gNB2. 

4.x.4.2 Assumptions

A feeder link switch may result in transferring established connection for the affected UEs between two gNBs.

For soft feeder link switch over, a space-borne vehicle is able to connect to more than one NTN-GW during a given period i.e. a temporary overlap can be ensured during the transition between the feeder links. The soft feeder link switch could be illustrated with the Figure 4.x.4-2.
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Figure 4.x.4-2: Soft Feeder link switch for transparent LEO.
Assuming two feeder link connections serving via the same satellite during the transition (time T1.5 in Figure 8.7.1.1-2), there exists a HO based solution that should be feasible with Rel-15 or close to Rel-15 assumptions. This assumes that it is possible to represent cells of two different gNBs over a given area via the same satellite but via different NTN-GWs. The two gNBs may utilize different radio resources of the transparent satellite to ensure both gNBs are visible to the UE (overlapping coverage areas) simultaneously.
For hard feeder link switch over, a space-borne vehicle only connect to one NTN-GW at any given time i.e. a radio link interruption may occur during the transition between the feeder links. Figure 16.x.x-3 shows the hard feeder link switch for transparent LEO.
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Figure 4.x.4-3: Hard Feeder link switch for transparent LEO.
Assuming the old feeder link serves the satellite until to T1 and the new feeder link begins to serve the satellite from T2. This assumes that the cells of the source gNB(s) are represented over a given area at any time before T1, and the new cells of the target gNB(s) are represented from time T2.

As there's no overlap of source cells and target cells from the gNB(s) located at the old and the new NTN GWs, the switch over relies on accurate time control. The handover command should be sent to all the UEs before T1, e.g. CHO. The UE should not initiate the handover procedure immediately upon receiving the Handover Command, instead, UE should initiate the handover procedure after T2, and thus an activation time should be included in the handover command to all the connected UEs.

Editor’s Note: Some clarification on example of the temporary overlap and the interruption time may be provided later

4.x.4.3 Operations [FFS]

4.x.4.4 Procedures [FFS]

Next Text Proposal
Annex x.y
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Figure X.Y: NTN system and its interactions with UE and gNB 

The figure X.Y illustrate the relations between NTN system and gNB for GEO/LEO with transparent payload scenarios. The feeder link between the NTN GW and the space/airborne vehicle(s), the service link between space/airborne vehicle(s) and UE carry the NR-Uu interface. Therefore, NTN system could be taken as the repeater of the gNB. 

End of the Text Proposal
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