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Abstract of the contribution: This paper proposes to update Solution#42.
1 Introduction
Solution #42: UE-satellite-UE communication in the context of LEO satellite constellations with ISL was captured in TR 23.700-77
2 Proposal
This paper proposes to update Sol#42 to resolve several ENs.
[bookmark: _Toc517082226]* * * First change * * * *
[bookmark: _Toc161139166]6.42	Solution #42: UE-satellite-UE communication in the context of LEO satellite constellations with ISL
[bookmark: _Toc161139167]6.42.1	Description
This solution resolves Key Issue #3: Support of UE-satellite-UE communication and also Key Issue #1. 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 Relay entity is ground-based. This entity refers to the satellite astronomical calendar based on satellite ephemeris to determine the opposing nodes. 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 Relay entity is owned and operated by a Satellite network operator and is used by multiple MNOs in shared manner.
AMF and SMF treats theRelay entity as a usual gNB and UPF. The P-CSCF treats the Relay as a usual IMS AGW. Satellite constellations are identified by Satellite constellation IDs.
Similarly, the Relay entity behaves as an AMF to onboard gNB, as SMF to onboard UPF, and as a P-CSCF to onboard IMS AGW.
NOTE 1:	These ground-based representative entity serves as control plane entity and hence the routing of the user plane traffic remains in the satellite.
Architectural assumptions explained above is depicted based on Figure C-3 as follows:


Figure 6.42.1-1: Basic concept of architectural assumptions of this solution
This solution is based on the Rel-18 approach agreed in TS 23.228 [9], TS 24.229 [11] and TS 23.502 [3] related to PDU Session Establishment, IMS registration signalling, and the IEs included in the messages.
NOTE 2:	All the messages for communication described in the procedures are standardized messages with potential new elements such as "satellite constellation ID".
Editor's note:	The HO procedures when the satellite moves is FFS.
[bookmark: _Toc161139168]6.42.2	Procedures
[bookmark: _Toc161139169]6.42.2.1	Association of Relay entity representative of satellite constellations
The registration procedure for the Relay entity with AMF, SMF, and P-CSCF respectively is as illustrated in Figure 6.42.2.1-1. The identifier for the constellations "satellite constellation ID" is used.
The ground-based representative Relay entity of satellite constellations establish a connection with each of the 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 6.42.2.1-1: Procedure for association of Relay entity representative of satellite constellations
1.	The ground-based Relay 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 Relay 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 Relay sends the IMS AGW Register message including the satellite constellation ID to the P-CSCF. This is according to the procedure in TS 23.334 [21].
6.	This is followed by the acknowledgement message.
[bookmark: _Toc161139170]6.42.2.2	Registration Procedure


Figure 6.42.2.2-1: 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 Relay] created based on the satellite ephemeris and selects the appropriate Relay entity.
NOTE :	The list of [start time, end time, to-be-connected Relay] is created based on the satellite ephemeris information configured in the gNB (onboard).
Editor's note:	How the list of [start time, end time, to-be-connected Relay] is created based on satellite ephemeris is FFS.
2.	The gNB forwards the GUAMI in its Initial UE message. The inclusion of GUAMI in the Initial UE message is essential for the Relay to select the appropriate AMF.
3.	The ground-based Relay sends Initial UE message which includes the Registration request to the selected AMF.. Registration procedure continues according to clause 4.2.2.2.2 of TS 23.502 [3].
4.	The AMF sends the Registration accept response via Downlink NAS Transport message to the Relay entity.
5.	Relay sends the Registration accept response via Downlink NAS Transport message to the onboard gNB.
6.	The onboard gNB sends the Registration accept message to the UE.
[bookmark: _Toc161139171]6.42.2.3	IMS PDU Session Establishment Procedure


Figure 6.42.2.3-1: IMS PDU session establishment procedure.
1-3.	AMF receives PDU session establishment request for IMS DNN via the Relay. Based on the locally stored information created by the procedure in Clause 6.42.2.1, the AMF recognizes that the request comes from a UE served by a particular satellite constellation.
4-5.	AMF sends the Nsmf_PDUSession_CreateSMContext request message including a satellite constellation ID to SMF. SMF selects a Relay corresponding to the satellite constellation ID
6-8.	SMF sends N4 session establishment request to the Relay. 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 Relay entity refers to the list of [start time, end time, to-be-connected UPF] created based on the satellite ephemeris and selects the onboard UPF. N4 Session Establishment request/response is exchanged between the Relay and onboard UPF followed by N4 Session Establishment response sent to SMF.
NOTE 1:	PDU session ID to find context in UPF can be used in the procedure for possible HO procedures between LEO satellites.
NOTE :	The list of [start time, end time, to-be-connected UPF] is created based on the Satellite coverage availability information configured or provisioned from external server.
Editor's note:	How the list of [start time, end time, to-be-connected UPF] is created based on satellite ephemeris is FFS.
	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.
NOTE 2:	Since the SMF allocates IP address to UE from a pool of IP address range belonging to a satellite constellation ID, the IP address of the UE does not change during HO process when a satellite moves.
9.	Namf_Communication_N1N2MessageTransfer including the P-CSCF address in ePCO is sent from SMF to AMF.
10-12.	PDU Session Establishment accept is sent from AMF to onboard gNB via the Relay.
11.	PDU Session Establishment accept is sent to UE.
[bookmark: _Toc161139172]6.42.2.4	IMS registration and voice call setup procedure
[bookmark: _Toc161139173]6.42.2.4.1	IMS registration


Figure 6.42.2.4.1-1: IMS registration
1.	The UE sends Register to the P-CSCF IP address available to it from the ePCO (see Clause 6.42.2.3).
2.	P-CSCF sends Register to S-CSCF.
3.	Registration of S-CSCF in HSS.
4.	Nhss_ImsSDM_Get request/response between S-CSCF and HSS.
5-6.	200 OK messages from S-CSCF to P-CSCF and from P-CSCF to UE.
[bookmark: _Toc161139174]6.42.2.4.2	Voice call setup procedure - MO


Figure 6.42.2.4.2-1: Voice call setup procedure - MO
1.	A voice establishment request message (SIP INVITE) is received at the P-CSCF.
	The P-CSCF selects the Relay belonging to the satellite constellation ID based on UE's IP address and the corresponding satellite constellation ID.
2-4.	Message for controlling the access of the voice media is sent to the selected Relay. The Relay 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. Allocation request is sent to reserve a resource of a terminating point in its own equipment for data communication with the callee side, followed by response.
NOTE :	The list of [start time, end time, to-be-connected IMS AGW] is created based on the Satellite coverage availability information configured or provisioned from external server.
Editor's note:	How the list of [start time, end time, to-be-connected IMS AGW] is created based on satellite ephemeris is FFS.
5.	SIP INVITE is transferred to S-CSCF. Interaction with the terminating network continues.
6.	SIP 183 Session Progress response is sent to S-CSCF.
7-9.	Request/response to set a terminating point (Terminating UE IP address).
10-12.	Allocation request to set a terminating point in the caller and to reserve a resource of a terminating point in its own equipment with regards to data communication with the caller.
13.	SIP 183 Session Progress message is sent to UE.
14.	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.
15-17.	Context update request/response messages exchanged between P-CSCF and IMS AGW via the Relay. This includes the PDU session ID.
NOTE:	This is a newly introduced message exchange. PDU session ID can be used in possible procedures for HO between LEO satellites.
Editor's note:	The media path needs to be added to the procedure description and figure.
[bookmark: _Toc161139175]6.42.2.4.3	Voice call setup procedure - MT


Figure 6.42.2.4.3-1: Voice call setup procedure - MT
1.	SIP INVITE is received at I-CSCF.
2-3.	I-CSCF looks for S-CSCF to forward SIP INVITE.
4-5.	SIP INVITE is forwarded to S-CSCF then to P-CSCF.
6.	P-CSCF selects the Ip intermediary belonging to the satellite constellation ID based on the terminating UE's IP address and the corresponding satellite constellation ID. A message for controlling the access of the voice media is sent to the Ip intermediary.
7-9.	The Ip intermediary 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. Allocation request is sent, followed by response.
10.	SIP INVITE is transferred to UE.
11.	UE sends SIP 183 Session Progress to P-CSCF.
12-15.	Modification request is sent, followed by response.
16-19.	Allocation request is sent, followed by response.
20-22.	SIP 183 Session Progress is sent to I-CSCF.
23-24.	Npcf_PolicyAuthorization_Create request message is sent from P-CSCF to 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.
25-28.	Context update request/response messages exchanged between P-CSCF and IMS AGW via the Ip intermediary. This includes the PDU session ID.
Editor's note:	The media path needs to be added to the procedure description and figure.
[bookmark: _Toc161139176]6.42.3	Impacts on services, entities, and interfaces
gNB on board:
-	Capability to use satellite ephemeris and to discover an appropriate ground-based Relay.
Relay:
-	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.
-	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.
-	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 Relay entity and to set satellite constellation ID to a message to SMF.
SMF:
-	Capability to select Relay entity 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 Relay based on UE IP address.
-	Capability to select Relay entity based on satellite constellation ID.
-	Capability to retrieve PDU session ID from PCF and to send it to Relay entity.
* * * * End of changes * * * *
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