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[bookmark: _Toc462478989][bookmark: _Hlk154651783]Abstract of the contribution: This contribution provides solution evaluation for KI#1 of the FS_5GSAT_ARCH_Ph3.
1	Discussion
The objective of KI#1 is to assess any impacts on 5GS and EPS when supporting an gNB/eNB embedded on a satellite. This includes evaluating the impact of RAN node mobility on given 5GC/EPC and for a given area in the case of RAN nodes moving. TR 23.700-29 v0.4.0 documents 14 solutions relevant to KI#1, including Solutions #1-10, #34, #35, #36 and #42. These solutions identify impacts on 5GS and EPS, such as:
· Feeder link switchover due to RAN node movement, and enhanced N2/S1 interface management.
· Frequent signalling between on-board RAN node and CN due to RAN node moving.
· QoS/Policy and discovery of RAN node for UE paging
 
This contribution summarizes the findings in these solutions and proposes solution principles.
2	Proposal
It is proposed to include the following changes in TR 23.700-29 V0.4.0.
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Editor's note:	This clause will provide evaluation of different solutions.
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Editor's note:	This clause will be further updated as new solutions and solutions updates are provided in future meetings. 
The objective of KI#1 is to assess any impacts on 5GS and EPS when supporting an gNB/eNB embedded on a satellite. This includes evaluating the impact of RAN node mobility on given 5GC/EPC and for a given area in the case of RAN nodes moving. TR 23.700-29 v0.4.0 documents 14 solutions relevant to KI#1, including Solutions #1-10, #34, #35, #36 and #42. These solutions identify impacts on 5GS and EPS, such as:
· Feeder link switchover due to RAN node movement, and enhanced N2/S1 interface management.
· Frequent signalling between on-board RAN node and CN due to RAN node moving.
· QoS/Policy and discovery of RAN node for UE paging

7.X.1	Feeder Link Switchover aspects
When a LEO/MEO satellite moves out of the coverage area from one NTN GW to another, regenerative payload configurations may cause the feeder link to switchover. During such events, eNB/gNB may be served via different MMEs/AMFs before and after the switchover.
Solution#5 proposes triggering a TAU for the UE to update the new MME with UE context when the new feeder link becomes operational. 
Solution #6 suggests leveraging existing 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.
Solution #35 recommends the use of existing procedures but requires a second (logical) gNB/eNB to be activated on the same satellite to trigger handovers during a soft feeder link switchover. In a hard feeder link switchover scenario, where different AMFs/MMEs are involved and serving different sets of TAIs, a Mobility Registration Update or TAU will be triggered, ensuring UEs being moved from old MME/AMF to the new MME/AMF.
Moreover, Solution #7 proposes that during hard feeder link switchover, the SMF/UPF temporarily buffers the DL data. Solution #36 involves the AMF transmitting movement information of the on-board gNB so that SMF can properly manage user plane path failure based on N3 Echo Response.
To further address the feeder link switchover challenges, it is proposed that the current S1/N2 interface management be enhanced in Solutions #1, #2, #3 and #4. Specifically, when a satellite is leaving an area served by the CN, Solution #1 proposes that the eNB/gNB initiate a newly defined S1/N2 Disconnect Request/Response procedure. In Solution #2, it is proposed that the gNB/eNB should indicate to the AMF/MME to suspend the S1/N2 connection and store the context for resuming the S1/N2 connection. Solution #3 uses the feeder link availability time for the gNB/eNB stored in AMF/MME to indicate feeder link unavailability/availability, thus triggering NG/S1-AP connection Suspend/Resume on N2/S1 interface. Solution #4 also suggests an NGAP suspend/resume mechanism be in place.
NOTE: The details of operations on N2/S1 interface are out of scope of SA WG2.
7.X.2	Solutions to address excessive signalling interaction between on-board RAN and CN
In regenerative configurations, RAN node mobility leads to frequent changes to the TAs supported by the RAN node. This results in excessive signalling interactions between the onboard RAN node and the CN on the ground. To mitigate this issue, two types of mechanisms are proposed.
Solution #2, in clause 6.2.1.1 proposes onboard RAN node may either refrain from notifying AMF/MME of the supported TA List or only periodically provide such information. Additionally, the mapped cell ID is designed to correspond to geographic area, rather than RAN node ID. These approaches help reduce excessive signalling interactions for TAI/CGI reports over N2/S1 interface. 
On the other hand, Solutions #9, #10, #34, and #42 proposed new 5GC NFs to segregate non-terrestrial access and 5GC, thereby reducing the excessive signalling load on the 5G CN.
Solution #9 introduces a RAN-agent and Proxy RAN node or Link Layer Proxy NF to address both excessive signalling and the discovery of moving gNBs. The RAN agent is responsible for handling N2 signalling, while the Proxy RAN Node manages N3 connections. Both the RAN agent and Proxy RAN node are deployed at the Ground Station, close to NTN Gateways. Alternatively, a newly defined 5GC NF, Link Layer Proxy, with 1:1 mapping to MME/AMF set, can serve these purposes too. New interfaces, such as N2’, N3’, S1-MME’, and S1-U’ supporting these architectures require coordination with RAN2.
Solution #10 introduces an Interworking Function (IWF) along with new interfaces Nx between gNB and IWF, and Sx between eNB and IWF. The IWF, deployed on the ground, sitting between onboard eNB/gNB and 5GC, is perceived by the 5GC as a static eNB/gNB. This allows for maintaining existing interface configurations between IWF and 5GC. However, the feasibility of supporting such a new interface Nx/Sx between IWF and gNB/eNB requires confirmation from RAN2.
Solution #34 proposes that the Satellite operator deploy an AMF agent close to the NTN-GW. The AMF agent provides address information of all AMFs within its service area that can be connected by the onboard gNB.
Solution #42 introduces new relay entities, deployed on the ground by the Satellite Network Operator. The AMF and SMF treat these relay entities as usual gNB and UPF, respectively. The relay entity behaves as an AMF to the onboard gNB and as an SMF to onboard UPF. 
NOTE: 	Solution #42 supports KI#1 and KI#3. However, this contribution only summarizes the findings in Solution #42 relevant to KI#1. 
7.X.3	QoS, Policy and RAN node discovery aspects
Solution #8 introduces new QoS and PCC handling mechanisms, including 5QI for regenerative-based satellite access, PCF decision-making for PCC policy, and CN PDB determination. Specifically, AMF determines the RAT Type for regenerative-based satellite access. The PCF takes this RAT Type into consideration to decide 5QI and provides corresponding policy information to SMF. It is noted that CN PDB is calculated as delay on the ground network plus the one-way propagation delay on air.
Solution #4 presents a mechanism to inform AMF when the RAN is orbiting away, allowing the AMF to avoid sending paging requests to this RAN. Each RAN node is required to maintain a pre-configured “TAI timetable” with mapping information among RAN Node ID, TAI list, valid period, Gateway ID, and AMF ID. This approach aims to reduce excessive signalling between onboard gNB and AMF, and support fast resumption when RAN is orbiting back.
Solution #2, in clause 6.2.1.3, proposes AMF to use satellite ephemeris information to determine RAN node, which is currently serving the UE, so that onboard RAN does not need to keep reporting the supported TA list. 
Solution #9 propose the newly introduced RAN agent, with the knowledge of mapping information among TAs that each connected onboard gNB serves, gNB ID, and proxy RAN node ID. The RAN agent is supposed to receive paging messages from AMF and forward them to the correct gNB serving the Registration Area allocated to the UE.
7.X.4	Solution Principles for KI#1
With the goal of minimizing impacts on the UE, services, NFs, interfaces, and entities, it is recommended to leverage existing procedures and functionality wherever possible. The following solution principles are proposed for KI#1:
· Existing procedures, such as TAU, Registration Request, and load-rebalancing should be used to support UE being served by a new MME/AMF in the event of a feeder link switchover.

· In case of a feeder link switchover, existing procedures like AN Release and S1 Release could be used to release logical NG-AP and S1-AP connections, respectively, as well as User Plane connections and RAN signalling connection between UE and RAN. 

· During feeder link switchover, the TNL node on the satellite will be triggered to configure the transport association for the target NTN GW feeder link. The details of that are out of scope of SA2.

· While certain network optimization might be useful, leveraging existing satellite ephemeris information for facilitating the discovery of RAN node for UE paging appears to be more efficient.

· The introduction of new 3GPP entities to segregate between satellite access from 5GC should be carefully designed to minimize the impact on interfaces changes and RAN dependency.

· The AMF and SMF may need to be informed of the regenerative payload type to assist in CN PDB determination and PCF’s policy decisions. However, introducing new RAT types might not be required.
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