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1   Introduction
In the NTN Rel-17 WID [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 … 

In NTN Rel-16 SI phase, both soft feeder link switch and hard feeder link switch were discussed. The corresponding scenarios and procedures were captured in the TR 38.821 [2].
Figure 8.7.1.1-2 shows one possible solution to enable service continuity for feeder link switch. At time T1, the satellite is approaching the geographical location where the transition to be served by next GW will happen. At time T1.5, the satellite is served by two GWs and at time T2 the transition to next GW is finished.
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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 8.7.1.1-3 shows another possible solution to enable service continuity for feeder link switch. 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.
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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

Assuming only one feeder link connection serving via the same satellite is applicable during the transition, which means the signal of the serving cell will be not available during time T1 to time T2. To make the UE access to the serving cell again, two potential options are listed below:

Solution 1: Feeder link hard switch procedure is based on accurate time control

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. by the method of 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.

In this contribution, we will focus on the feeder link switch over in transparent payload architecture based LEO scenarios, analyse the overall procedures and RAN3 impact and provide corresponding observations and proposals.

2   Discussion
As been discussed a lot in RAN2 and RAN3, both soft feeder link switch and hard feeder link switch scenarios and procedures have been captured in TR 38.821 [2].
For soft switch, assuming two feeder link connections serving via the same satellite during the transition, it is possible to represent cells of two different gNBs over a given area via the same satellite but via different NTN-GWs. Thus it assumes that the existing NR Rel-15 handover solution could be reused, and no impact to UE is foreseen. However, maintaining of two feeder links and two service links brings extra complexity to the satellite, e.g. more satellite weight, higher power consumption and cost.
Observation 1: soft feeder link switch has less/no impact to UE, but brings extra complexity to the satellite, e.g. more satellite weight, higher power consumption and cost.
For hard switch, only one feeder link is maintained at certain time, thus there’s no overlapped cell coverage from the source and target gNBs via the same satellite but via different NTN-GWs, which may bring the higher handover interruption for the UE. To make the handover smoothly, it may require precious time control for the handover, and CHO may be applied in this case.

Observation 2: Hard feeder link switch requires less complexity of the satellite, but some enhancement may be needed for NR Rel-15 handover procedure.
Considering the big impact to the satellite, we believe that different deployments should be allowed according to different requirements. Therefore, both hard feeder link switch and soft hard link switch should be supported in NTN Rel-17 WI.
Proposal 1: Both hard feeder link switch and soft hard link switch should be supported in NTN Rel-17 WI.

Then we discuss the overall procedure to support the hard feeder link switch and soft hard link switch, aim to define a unified solution, at least for the network interfaces.

In the TR [2], the figure 8.8.2-1 illustrates the overall procedure for feeder link switch for transparent LEO satellite, which assumes two feeder link connections serving via the same satellite during the feeder link switch. 
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Figure 8.8.2-1: Feeder link switch over procedure for transparent LEO satellite (Scenario C2)

The overall procedure above could be applied for soft feeder link switch, we understand it could also be applied for hard feeder link switch, with only some minor changes, as below:
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Figure 8.8.2-x: Feeder link switch over procedure for transparent LEO satellite (Scenario C2), hard switch
From Xn perspective, both soft switch and hard switch requires to introduce a new non-UE procedure to trigger the feeder link switch, as the step 3, 4 shown in the figure above. Maybe we could name this procedure Satellite Connect Request, or Feeder Link Switch Request. In this procedure, the most essential info is to exchange the served cell(s) information, as the target CGI is mandatory info required in Xn Handover Request message. For hard feeder link switch, one more IE should be provided from source gNB to the target gNB, to indicate the accurate time to establish the new feeder link, as the “T” shown in the step 3.
Proposal 2: A new Xn procedure should be introduced to exchange the necessary info for feeder link switch, including satellite information, served cell(s) information, and an optional time T for the target gNB to start the establishment of the new feeder link.

For the hard switch, old feeder link and corresponding service link will be deactivated in time T. Therefore, the source gNB should start the handover preparation for all the UEs served by the satellite before T. When the UE receives the Handover command, the target cell(s) are not activated yet. The CHO like solution could be reused, UE will handover to the target cell when it becomes valid. Considering the big amount of UEs will handover to the target gNB simultaneously, a precious time could be added in the handover command to avoid the conflict of the RACH access. The detail design of the Uu interface is pending to the discussion of RAN1 and RAN2.
Proposal 3: The detail design of the Uu interface is pending to the discussion of RAN1 and RAN2.
As in the real deployment, maybe there’re thousands of kilometres between the two NTN GWs. Thus, 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 3: We could not assume the Xn interface between the two gNBs in the different NTN GWs is always available.

Two potential options to support feeder link switch over NG:

Option 1: Introduce a new NGAP procedure to exchange necessary info for feeder link switch (like Xn).
Option 2: 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”.
To minimize or avoid the impact to the core network, the option 2 is preferred.
Proposal 4: Introduce a Container to transfer the satellite configuration in UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER NGAP messages.

3   Proposal
In this contribution, we discussed feeder link switch over in transparent payload architecture based LEO scenarios. Based on the discussion, we provided the following observations and prospals:
Observation 1: soft feeder link switch has less/no impact to UE, but brings extra complexity to the satellite, e.g. more satellite weight, higher power consumption and cost.
Observation 2: Hard feeder link switch requires less complexity of the satellite, but some enhancement may be needed for NR Rel-15 handover procedure.
Observation 3: We could not assume the Xn interface between the two gNBs in the different NTN GWs is always available.
Proposal 1: Both hard feeder link switch and soft hard link switch should be supported in NTN Rel-17 WI.

Proposal 2: A new Xn procedure should be introduced to exchange the necessary info for feeder link switch, including satellite information, served cell(s) information, and an optional time T for the target gNB to start the establishment of the new feeder link.

Proposal 3: The detail design of the Uu interface is pending to the discussion of RAN1 and RAN2.

Proposal 4: Introduce an Container to transfer the satellite configuration in UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER NGAP messages.

4   Reference
[1] R3-201256, WID “Solutions for NR to support non-terrestrial networks (NTN)”
[2] TR 38.821, Solutions for NR to support non-terrestrial networks (NTN)


- 1 -

_1657538296.bin

_1657543798.vsd
�

�

�

�

�

Old gNB


5GC


UE


1. UEs are served by the old gNB through the satellite 


New gNB


2. The system detects that the change of feeder link is required (e.g. due to satellite moving toward the new gNB, due to traffic offload, or for feeder link maintenance) 


    0. Xn established between the old and new gNBs


Satellite


5. Xn Handover preparation for the UE 


8. UE proceed the handover at the activation time, and send the RRCReconfigurationComplete message to the target gNB. 


9. Path switch procedure 


6. RRCReconfiguration
(Activation time)


7. the old gNB de-connects to the satellite at time T, and the new gNB connects to the satellite and overlays its cells on coverage area from time T


3.Xn SATELLITE CONNECTION REQUEST
(satellite information, served cell(s) information, T)


4. Xn SATELLITE CONNECTION REQUEST ACKNOWLEDGE
(served cell(s) information)



