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1 [bookmark: _Hlk87257355]Introduction
During feeder link switchover due to embedded eNB/gNB moving, feeder link switchover might occur. A feeder link switchover is the procedure where the feeder link is changed from a source NTN GW to a target NTN GW for a specific NTN payload. Both the hard and soft feeder link switchover is applicable to NTN.
This contribution proposes a load re-balancing-based approach to support feeder link switchover when eNB/gNB embedded on satellite in EPS and 5GS.
2	Proposal
[bookmark: _Hlk513714389]It is proposed to agree the following changes to TR 23.700-29.

Start of Changes

[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc146636841][bookmark: _Toc148441193][bookmark: _Toc151176059][bookmark: _Toc151701867]6.X	Solution #X: Load re-balancing for feeder link switchover <Solution Title>
[bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042][bookmark: _Toc146636842][bookmark: _Toc148441194][bookmark: _Toc151176060][bookmark: _Toc151701868]6.X.1	Description
[bookmark: _Toc500949101]Editor's note:	This clause will describe the solution principles and architecture assumptions for corresponding key issue(s). (Sub) clause(s) may be added to capture details.

[bookmark: _Toc22214910]Key Issue #1 focus on the deployment of regenerative payload on LEO/MEO satellite access, and whether there is any impact on 5GS and EPS. In the regenerative payload configuration, the feeder link switchover, due to eNB/gNB moving, might require a reconfiguration of connections, leading to increased NAS signalling overhead as network transitions between different NTN GWs and potentially between MMEs/AMFs.
As a candidate solution to address Key Issue #1, this solution leverages load-rebalancing procedures to handle feeder link switchover when the involved MMEs are in the same pool, or when the involved AMFs are within/without the same AMF set.
Editor’s note: whether and how Load Rebalancing TAU procedure can be used for separate MME pools is FFS.
[bookmark: _Toc23254043][bookmark: _Toc146636843][bookmark: _Toc148441195][bookmark: _Toc151176061][bookmark: _Toc151701869]6.X.2	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911]6.x.2.1 	MME procedures
The deployment of MMEs is usually based on factors such as geography, latency, network load, and specific service requirements. During feeder link switchover, as a LEO/MEO satellite moves beyond the coverage of a source NTN GW, the eNB could be served, before and after the feeder link switchover, by different MMEs. Even if MMEs are accessible from an NTN GW, a switch to an MME that offers lower latency, aligned with service requirements, might be preferable.
The MME Load Re-balancing functionality, as specified in clause 4.3.7.3 of TS 23.401, allows UEs that are registered on an MME (within an MME Pool Area) to be moved to another MME. Fig. 6.x.2.1-1 provides a high-level procedure to illustrate how MME load re-balancing supports the feeder link switchover scenario.
[image: ]
Figure 6.x.2.1-1: High-level procedure for load re-balancing driven feeder link switchover in EPS

0. Based on satellite control data, e.g., ephemeris information, the eNB and Source MME may have their Load Balancing parameters adjusted beforehand based on the Feeder Link Switchover information, e.g., the Weight Factor could be set to zero for the source MME.
1. To off-load connected mode UEs, the source MME initiates the S1 Release procedure, as specified in Clause 4.3.7.3 of TS 23.401, but with a new release cause, e.g., “feeder link switchover”. 
2. If the RRC connection is not already released, the eNB sends a RRC Connection Release message to the UE in Ack Mode. Once the message is acknowledged by the UE, the eNB deletes the UE’s context.
3. The eNB confirms the S1 Release by returning an S1 UE Context Release Complete (ECGI, TAI, Secondary RAT usage data) message to the MME. With this, the signalling connection between the MME and the eNB for that UE is released. 
4. In case there is no MME pool or the source MME and target MME are not in the same MME pool, UE initiates a Load Rebalancing-triggered TAU but provides neither the S-TMSI nor the GUMMEI to eNB in the RRC establishment.
Editor’s Notes: whether is necessary to provide a new TAU cause rather than Load Rebalancing in this case is FFS.
5. When the UE provides neither the S-TMSI nor the GUMMEI in the RRC establishment, the eNB should select an MME based on the Weight Factors of the MMEs.

6.x.2.2 	AMF procedures
Figure 6.x.2.2-1 provides procedures to support feeder link switchover in 5GS.

[image: ]
Figure 6.x.2.2-1: High-level procedures for load re-balancing driven feeder link switchover in 5GS

0. Feeder link switchover preparation: In 5GS, 5G-AN node shall have the capability to support multiple TNL associations per AMF. Based on satellite control data, e.g., ephemeris information, the source AMF shall provide the gNB node with the weight factors for each TNL association of the AMF. The gNB node, when selecting a TNL association, will consider Weight factors of candidate TNL associations.
Triggered by the feeder link switchover, or before the disruption of the feeder link, the gNB node and AMFs have exchanged configuration data. During these interactions, the AMF has supplied the gNB with information about the set of TNL association to be established, weight factor associated with each of the TNL association within the AMF, and weight factor for each AMF Name within the AMF set.
When the same AMF is used before and after the switchover, because multiple TNL endpoints can be configured per gNB node/AMF pair, the AMF can dynamically add or remove TNL associations, by requesting to remove the TNL association on the source NTN GW and add new TNL association at the target NTN GW, or just keeping the same association while changing local and remote IP address in this association. The gNB will also assign re-balancing weight factor for the TNLA on the source and target NTN GW. 
1. If the source AMF and the target AMF are different, but within the same AMF set. The AMF load re-balancing functionality could be employed here. The AMF load re-balancing functionality permits cross-section of its subscribers that are registered on an AMF (within an AMF Set) to be moved to another AMF within the same AMF set with minimal impacts on the network and end users.
AMF may request some or all the 5G-AN node(s) to redirect a cross-section of UE(s) returning from CM-IDLE state to be redirected to another AMF within the same AMF set, if the 5G-AN is configured to support this.
For UE(s) in CONNECTED mode, similar mechanisms for AMF Management can be used to move the UE to another AMF in the same AMF set as described in clause 5.21.2, except that the old AMF deregisters itself from NRF.

2. If the source AMF or the target AMF does not belong to any AMF set, or they are not in the same AMF set, the AN Release procedure, as described in clause 4.2.6 of TS 23.502, could be applied.
AMF sends an N2 UE Context Release Command with cause, e.g., “feeder link switchover” to the gNB.

3. Follow Steps 3-7, as described in clause 4.2.6 of TS 23.502. A proper cause, e.g., feeder link switchover, should be indicated when this procedure is used for the purpose of feeder link switchover.

4. Registration Request with Load Rebalancing purpose: UE initiates a Feeder Link Switchover-triggered Registration Request but provides neither the 5G-S-TMSI nor the GUAMI to gNB in the RRC establishment.
Editor’s Notes: whether is necessary to provide a new Registration Request cause rather than Load Rebalancing in this case is FFS.

5. When the UE provides neither the 5G-S-TMSI nor the GUAMI in the RRC establishment, the gNB should select an AMF. The gNB node, when selecting a TNL association, will consider weight factor associated with each of the TNL association within the AMF, and weight factor for each AMF Name within the AMF set.

NOTE: NAS level congestion control is achieved by providing the UE a back-off time. But it should be noted that when indicating a specific target AMF, the AMF should ensure that the load re-balancing will not cause overload in the target AMF.
[bookmark: _Toc23254044][bookmark: _Toc146636844][bookmark: _Toc148441196][bookmark: _Toc151176062][bookmark: _Toc151701870]6.X.3	Impacts to Services, Entities and Interfaces
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.
This solution impacts the following entities.
RAN:
· Release NG-AP or S1-AP taking into consideration of feeder link switchover information.
· 

MME:
· Release S1-AP taking into consideration of feeder link switchover information.
· 
· 

AMF:
· Release NG-AP taking into consideration of feeder link switchover information.
· 
· 


· 
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