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[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Abstract: A solution for UE-satellite-UE communication of IMS voice and video where satellites are part of LEO satellite constellation and communicate via ISL 
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 UE-satellite-UE communication via a group of LEO satellites. These LEO satellites form a satellite constellation with ISL. The architecture introduces dedicated equipment for satellite constellation communications. These include gNB, UPF and IMS AGW on board the satellites and their representative ground-based GWs i.e., Satellite gNB GW, Satellite UPF GW, and Satellite IMS AGW GW. 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.
NOTE:	In this paper, we present how the user plane path is established between UE and IMS AGW. When two UEs are served by the same satellite constellation, the user plane traffic is routed between IMS AGWs on board LEO satellite(s) of the same satellite constellation by using an existing mechanism.
To make the solution work, the following aspects need to be addressed:
i) [bookmark: OLE_LINK31][bookmark: OLE_LINK32]How the nodes on the satellite and NFs on the ground discover and select each other.
ii) How 5GC discovers/recognizes the UEs when call is being setup and associates with corresponding entities. Interactions between the ground and satellite-based entities are required. 
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 in the context of LEO satellite constellations with ISL
6.X.1	Description
This solution resolves Key Issue #3: Support of UE-satellite-UE communication. The focus is on architectural enhancements to support UE-satellite-UE communication particularly for IMS voice and video service via a satellite constellation of LEO satellites. Multiple LEO satellites form a satellite constellation and are connected via ISL. 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. These entities refer to the satellite astronomical calendar based on satellite ephemeris to determine the opposing nodes. 
[bookmark: _Hlk158824412]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.
AMF and SMF treats the Satellite gNB GW and Satellite UPF GW respectively as a usual gNB and UPF. The P-CSCF treats Satellite IMS AGW GW as a usual IMS AGW. Satellite constellations are identified by Satellite constellation IDs.
This solution is based on the Rel-18 approach agreed in TS 23.228, TS 24.229 and TS 23.502 related to PDU Session Establishment, IMS registration signaling, and the IEs included in the messages.
6.X.2	Procedures 
[bookmark: _Hlk158639474]6.X.2.1	Association of Satellite GWs representative of satellite constellations
The registration procedure for the Satellite gNB GW, Satellite UPF GW, and the Satellite IMS AGW GW with AMF, SMF, and P-CSCF respectively is as illustrated in Figure 6.X.2.1-1. The identifier for the constellations “satellite constellation ID” is used.
All the ground-based GWs establish a connection with each of their counterpart nodes (onboard) deployed on each of the LEO satellites that form a part of the satellite constellation and that can be connected from the ground at a specific time period derived from the satellite astronomical calendar based on satellite ephemeris.

 
Figure 6.X.2.1-1: Procedure for association of Satellite GWs representative of satellite constellations
1. The ground-based Satellite gNB GW sends the NG setup request including the satellite constellation ID to the AMF. 
2. This is followed by the response message.
3. The ground-based Satellite UPF GW sends the N4 Association setup request message including the satellite constellation ID to the SMF. 
4. This is followed by the response message.
5. The ground-based Satellite IMS AGW GW sends the IMS AGW Register message including the satellite constellation ID to the P-CSCF. 
6. This is followed by the acknowledgement message.
6.X.2.2	Registration Procedure

 
Figure 6.X.2.2-1: Registration for UE-satellite-UE communication.
1. When a UE initiates a call, an RRC connection is set up between the UE and its serving gNB (onboard). The gNB then refers to the list of [start time, end time, to-be-connected Satellite gNB GW] created based on the satellite ephemeris and selects the appropriate Satellite gNB GW.
2. The gNB forwards the GUAMI in its Initial UE message. The Satellite gNB GW then selects the appropriate AMF based on the received GUAMI.
3. This is followed by the subsequent NAS signaling procedure.

6.X.2.3 	IMS PDU Session Establishment Procedure

 
Figure 6.X.2.3-1: IMS PDU session establishment procedure.
1. AMF receives PDU session establishment request for IMS DNN. Based on the locally stored information created by the procedure in Section 6.x.2.1, the AMF recognizes that the request comes from a UE served by a particular satellite constellation.
2. AMF sends the message including a satellite constellation ID to SMF. SMF selects a satellite UPF GW corresponding to the satellite constellation ID 
3. SMF sends N4 session establishment request to Satellite UPF GW. This includes the PDU session ID, which is used so that the context in UPF related to the PDU session ID can be easily found. The Satellite UPF GW refers to the list of [start time, end time, to-be-connected Satellite gNB GW] created based on the satellite ephemeris and selects the onboard UPF.
NOTE: PDU session ID to find context in UPF can be used in the procedure for HO between LEO satellites (S2-2402198).
Upon session establishment, the SMF sets IP address of P-CSCF tailored to treat satellite communication in Extended protocol configuration options (ePCO). The SMF may allocate an IP address to the UE from the IP address range of that particular satellite constellation ID.
4. PDU session is established.

6.X.2.4	IMS registration and voice call setup procedure

 
Figure 6.X.2.4-1: IMS registration and voice call setup procedure.
1. The UE sends the IMS registration request to the P-CSCF IP address available to it from the ePCO (see Section 6.X.2.3).
2. A voice establishment request message (SIP INVITE) containing the terminal IP address is received at the P-CSCF.
The P-CSCF selects the Satellite IMS AGW GW belonging to the satellite constellation ID based on UE’s IP address and corresponding satellite constellation ID.
3. Message for controlling the access of the voice media is sent to the selected Satellite IMS AGW GW.
The Satellite IMS AGW GW refers to the list of [start time, end time, to-be-connected IMS AGW] created based on the satellite ephemeris and selects the onboard IMS AGW.
4. Subsequent IMS voice session setup flow.
5. Npcf_PolicyAuthorization_Create request message is sent from the P-CSCF to the PCF. The PCF which recognized the PDU session ID from PDU session establishment procedure sends the PDU session ID in response to the P-CSCF.
6. Context update request/response messages exchanged between P-CSCF and IMS AGW via the Satellite IMS AGW GW. This includes the PDU session ID.
NOTE: PDU session ID can be used in the procedure for HO between LEO satellites (S2-2402198).
6.X.3	Impacts on services, entities, and interfaces
gNB on board:
-	Capability to use satellite ephemeris and to discover an appropriate Satellite gNB GW.
Satellite gNB GW:
-	A new network node that behaves as a gNB to AMF on the ground and as an AMF to gNB on board.
-	Capability to use satellite ephemeris and to discover an appropriate gNB on board.
Satellite UPF GW:
-	A new network node that behaves as a UPF to SMF on the ground and as an SMF to UPF on board.
-	Capability to use satellite ephemeris and to discover an appropriate UPF on board.
Satellite IMS AGW GW:
-	A new network node that behaves as an IMS AGW to P-CSCF on the ground and as a P-CSCF to IMS AGW on board.
-	Capability to use satellite ephemeris and to discover an appropriate IMS AGW on board.
AMF:
-	Capability to identify a request coming from Satellite gNB GW and to set satellite constellation ID to a message to SMF.
SMF:
-	Capability to select Satellite UPF GW based on satellite constellation ID.
-	Capability to assign IP address to UE from a pool of IP address range belonging to a satellite constellation ID.
P-CSCF:
-	Capability to identify the need to select Satellite IMS AGW GW on board based on UE IP address.
-	Capability to select Satellite IMS AGW GW based on satellite constellation ID.
-  Capability to retrieve PDU session ID from PCF and to send it to Satellite IMS AGW GW.

* * End of changes * * * *
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