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1. Discussion
In TR 23.700-29 v0.3.0, it is proposed to study the support of UE-satellite-UE communication as below:
-	Architectural enhancement to support UE-satellite-UE communication, including minimum necessary set of 5GC network functions and IMS components (if any) onboard the satellite(s), including:
[bookmark: _Hlk151042033][bookmark: _Hlk151041106]- 	How to ensure routing of user plane traffic (for MMTEL and MC applications) remains in the satellite.
-  Potential impacts on IMS procedures and functions to manage UE-satellite-UE communication 
- 	Conditions (such as eligibility, restrictions, authorization …) for realizing UE-satellite-UE communication for UEs.
In this paper, we present a possible architecture that facilitates handover in case of UE-satellite-UE communication when a LEO satellite moves. The LEO satellites form a satellite constellation and are connected with ISL. The architecture introduces an Inter-Satellite Coordination NF which will be deployed on each LEO satellite in addition to gNB, UPF, and IMS AGW. This NF is responsible for performing the switching between the satellites (source and target LEO) upon the movement of satellites.
To make the solution work, the following aspects need to be addressed:
i) [bookmark: OLE_LINK31][bookmark: OLE_LINK32]UPF context switching between the source and target LEO.
ii) RAN core linkage.
iii) IMS AGW context switching between the source and target LEO.
2. Proposal
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc27894718][bookmark: _Toc36191785][bookmark: _Toc45192871][bookmark: _Toc47592503][bookmark: _Toc51834584][bookmark: _Toc91153606][bookmark: _Toc519004414]It is proposed to capture the following changes vs. TR 23.700-29.
* * * * First change* * * *

6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	
	Key Issues

	Solutions
	1 
Support of Regenerative-based satellite access
	2
Support of Store and Forward Satellite operation
	3
Support of UE-satellite-UE communication
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* * * * Second change (All new text) * * * *
6.X	Solution X: UE-satellite-UE communication handover in case of satellite switching
6.X.1	Description
This solution resolves Key Issue #3: Support of UE-satellite-UE communication. The focus is on the handover procedure to continue data and voice communications when a LEO satellite moves. Multiple LEO satellites form a satellite constellation and are connected via ISL. Satellite constellations are identified by Satellite constellation IDs. To achieve this, it is necessary from an architectural perspective to place gNB, UPF and IMS AGW onboard the satellites. Additionally, their representative GWs (Satellite gNB GW, Satellite UPF GW, and Satellite IMS AGW GW) are ground-based. Such an architecture ensures that the infrastructure provided by satellite communication operators can be used and shared by MNOs. It can also hide complexities related to satellite communication from MNOs. The ground-based GWs which are representative of onboard entities are treated as such and shared by the AMF, SMF, and P-CSCF owned by MNOs.
This solution is based on the following assumptions:
-	The satellite onboard entities i.e., onboard gNB, UPF, and IMS AGW are owned and operated by a Satellite network operator and are used by multiple MNOs in shared manner.
-	The ground-based GWs i.e., Satellite gNB GW, Satellite UPF GW, and Satellite IMS AGW GW are owned and operated by a Satellite network operator and are used by multiple MNOs in shared manner.
To perform the handover between a source and target LEO satellite, an Inter-Satellite Coordination NF is deployed on each LEO satellite. The Inter-Satellite Coordination NF will perform switching of UPF and IMS AGW while exchanging event notifications with the gNB in cooperation with the Inter-Satellite Coordination NF on the adjacent LEO satellite.
6.X.2	Procedures 
6.X.2.1	Handover procedure for UPF context switching between the satellites
The handover procedure is depicted in Figure 6.X.2.1-1.


Figure 6.X.2.1-1: Handover procedure for UPF context switching
1. Handover request message caused by satellite movement is sent to the gNB of the target LEO. This includes the PDU session ID.
2. The handover request is forwarded to the Inter-Satellite Coordination NF of the target LEO. The gNB then waits for an event notification from the NF indicating “Start of UPF switch”.
3. N4 session establishment request/response is exchanged between the UPF and the Inter-Satellite Coordination NF on the target LEO. This includes request for PDR setting of a packet forwarding path between Source UPF and Target UPF. The response includes this information (Target UPF TEID).
4-6 Upon receiving the PFCP establishment response, the Inter-Satellite Coordination NF sends the UL/DL forwarding path establishment request containing the Target UPF TEID. N4 session establishment request/response is exchanged between the Inter-Satellite Coordination NF and the UPF on the source LEO with FAR=Target UPF TEID followed by the UL/DL forwarding path establishment response being sent to the target LEO’s Inter-Satellite Coordination NF.
7-9 [bookmark: _Hlk158723832]The Inter-Satellite Coordination NF sends the UPF context for RAN retrieval request containing the PDU session ID. N4 context retrieval request/response related to the PDU session ID is exchanged between the Inter-Satellite Coordination NF and the UPF on the source LEO. This includes the context corresponding to the source UPF and the source gNB. The UPF context for RAN retrieval response is sent to the target LEO.
10 [bookmark: _Hlk158723941]PFCP context setup request/response is exchanged between the Inter-Satellite Coordination NF and UPF on the target LEO. The context corresponds to UL/DL between the source UPF and the source gNB. The PDR is set to close the entrance route on top of this context. At this point the UPF on the target LEO starts to behave based on the context in the source UPF with the entrance route being closed.
11-13 UL/DL forwarding path update request is sent to the source LEO’s Inter-Satellite Coordination NF for setting the UL/DL forwarding path between the two UPFs. N4 session modification request/response is exchanged between the Inter-Satellite Coordination NF and the UPF on the source LEO with a request to the UPF to derive the UL TEID sent to the source gNB corresponding to the PDU session ID and set it in the PDR. At this point the source UPF can start transferring UL/DL user data to the target UPF.
At this point the gNB is not set. The target UPF can see the paths are set.
6.X.2.2	Handover procedure for RAN-core linkage


Figure 6.X.2.2-1: Handover procedure for RAN-Core linkage
This procedure follows after the migration from source to target UPF is completed in previous subsection (6.X.2.1).
1. A message notifying the completion of UPF switch is transmitted. This message includes the F-TEID in the Target UPF. For UL TEID, the target gNB decides to use this value instead of the value in UL NG-U UP TNL Information in Handover Request Transfer that the gNB has received from source gNB in previous sub-section.
2. The handover request ack is sent to the source gNB.
3. RRCReconfiguration is sent to the UE.
4. SN status including the UL GTP-U SN status is sent to the target gNB.
NOTE: The GTP-U SN status can be used in the procedure for In-sequence delivery between LEO satellites (S2-2402202).
5. RRCReconfigurationComplete is sent to the target gNB with the confirmation of handover. At this point while a forwarding path of DL user data is established, no DL user data actually flows in it.
6. Event notifying the reception of handover confirmation is sent to the Inter-Satellite Coordination NF in target LEO. In order to avoid the overlapping of IP addresses, the relevant resources in source UPF are to be released.
7-9 UPF resource release request is triggered by the target Inter-Satellite Coordination NF which includes the DL forwarding GTP-U SN status request. PFCP session deletion request/response related to UL/DL user data path between the source gNB and the source UPF and UL/DL user data forwarding path between the source UPF and the target UPF is exchanged between the Inter-Satellite Coordination NF and the UPF on the source LEO. UPF resource release response including the DL forwarding GTP-U SN status is sent to the target Inter-Satellite Coordination NF.
10. N4 session modification request/response is exchanged between the Inter-Satellite coordination NF and the UPF in target LEO for setting the DL using DL GTP-U SN status update.

6.X.2.3 	Handover procedure for IMS AGW context switching between the satellites


Figure 6.X.2.3-1: Handover procedure for IMS AGW context switching
1-3 Target LEO’s Inter-Satellite Coordination NF sends the IMS AGW context retrieval and switch request. The request includes the PDU session ID. IMS AGW context retrieval and switch request/response is exchanged between the Inter-Satellite Coordination NF and the IMS AGW on the source LEO followed by the response to target LEO.
4. IMS AGW context setup request/response exchanged between the Inter-Satellite Coordination NF and IMS AGW on the target LEO. The context corresponds to source IMS AGW based on response received in previous step.
5. N4 session modification request/response is exchanged between the Inter-Satellite coordination NF and the UPF in target LEO for removal of entrance blockage.
6. Path switch request/ack is exchanged between the target gNB and the ground-based Satellite gNB GW. Note, this does not include user plane information.
7. UE context release message sent to source gNB.
8. N4 session deletion request/response exchanged between Inter-Satellite Coordination NF and UPF on target LEO.
9. Path switch request/ack for UPF switching is exchanged between Target Inter-Satellite Coordination NF and the ground-based Satellite UPF GW upon completion of migration.
10. Path switch request/ack for IMS AGW switching is exchanged between Target Inter-Satellite Coordination NF and Satellite IMS AGW GW upon completion of migration.
6.X.3	Impacts on services, entities, and interfaces
Inter-Satellite Coordination NF:
-	A new NF that takes care of inter-satellite coordination.
gNB on board:
-	Capability to coordinate with Inter-Satellite Coordination NF and to inform the Inter-Satellite Coordination NF about DL TEID in target gNB and get UL TEID of target UPF.
UPF on board:
-	Capability to allow context retrieval (i.e., copying) based on PDU session ID
- 	Capability to set (i.e., paste) a context retrieved from another UPF.
-	Capability to retrieve a part of information in a context stored in itself and to paste it to another context stored in itself. (See step 12 of Figure 6.X.2.1-1)
- 	Capability to suspend PDR from detecting packets while keeping a setting and to resume it later.
IMS AGW on board:
-	Capability to allow context retrieval (i.e., copying) based on PDU session ID
- 	Capability to set (i.e., paste) a context retrieved from another IMS AGW.
* * End of changes * * * *
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