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Abstract: A new solution to enable IMS service via UE-satellite-UE communication link only UPR onboard. 
1. Introduction
This solution addresses Key Issue #3 about the support of UE-satellite-UE communication for IMS voice call. 
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fig.1
The approach of this solution aligns with the rel-18 satellite backhaul strategy, specifically in situations where the UPF is deployed on the GEO satellite (as described in clause 5.43.3 in TS23.501). It enables local switching when the SMF identifies that the UEs are within the coverage of the same GEO satellite. Furthermore, it provides clarification on its compatibility with an additional regenerative payload RAN onboard, particularly in the context of IMS services.
Main procedures required for the IMS voice call set up between UE-1 and UE-2 are:
1) UE-1 and UE-2 separately have PDU session connections, where RAN are the same, UPFs can be different. 
2) UE-1 and UE-2 separately have registered to the IMS service, where P-CSCFs can be different.
3) UE-1 initiates an IMS call to UE-2
4) UE-1 and UE-2 negotiates codec for voice call
5) UE-1 and UE-2’s network separately setup QoS flows/DRBs corresponding to the codec of the voice call
6) UE-1 and UE-2 send RTP packets of voice call through the flows separately.
To simplify the discussion, we assume that IPv6 is allocated to both UE-1 and UE-2, without NAT or AGW involved.
In the context of R18 satellite backhaul features, UE-1 and UE-2 are assumed to be connected/controlled by the same SMF, and the SMF determines UE-1 and UE-2 are in the same GEO satellite with UPF onboarding based on the satellite ID reported by AMF. In this solution, we have the same assumptions: 
1) UE-1 and UE-2 are connected/controlled by the same SMF, 
2) SMF can determine that UE-1 and UE-2 are in the same satellite with UPF onboarding.
After SDP negotiation between UE-1 and UE-2, 
1) [bookmark: _Hlk155790215]UE-2’s P-CSCF will send Npcf_PolicyAuthorization_Create message to PCF to establish a voice QoS flow for UE-2, and the message contains "fDescs" attribute obtained by P-CSCF as described in Annex B (IMS Related P-CSCF Procedures over N5) in TS29.514. The "fDescs" attribute contains both the caller’s IP address (i.e. UE-1’s IP address), and the callee’s IP address (i.e. UE-2’s IP address). 
2) PCF forwards such info to the SMF in the PCC Rule via Npcf_SMPolicyControl message. 
3) SMF can use this information to determine whether UE-1 and UE-2 are under same satellite’s coverage and decides whether to insert the UPF deployed on satellite as UL CL and PSA2 for UE-2’s PDU session, as shown in fig.2. 
The SMF can configure the PSA2 on satellite with local forwarding rules to forward the voice RTP packets from UE-2 to UE-1 directly which aligns with the rel-18 satellite backhaul strategy.
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fig.2
UE-1’s P-CSCF, PCF and SMF will do a similar thing, 
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fig.3
As UE-1’s voice QoS flow and UE-2’s voice QoS flow are terminated by the same UPF, UPF can perform local switch based on the local forwarding rules configured by SMF, that is forward UE-1’s voice RTP packets to UE-2 directly and vice versa.
It is proposed to capture the following changes to TR 23.700-29.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc148441183][bookmark: _Toc151176047][bookmark: _Toc151701853]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[bookmark: definitions][1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G system, Stage 2".
[4]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[5]	3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".
[6]	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[7]	3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".
[8]	3GPP TR 22.865: "Study on satellite access Phase 3".
[x]	3GPP TS 23.228: "IP Multimedia Subsystem (IMS); Stage 2".
[y]	3GPP TS 29.514: "5G System; Policy Authorization Service; Stage 3".
* * * * Second change * * * *
[bookmark: _Toc22214906][bookmark: _Toc23254039][bookmark: _Toc146636839][bookmark: _Toc148441191][bookmark: _Toc151176057][bookmark: _Toc151176199]6	Solutions
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc151176058][bookmark: _Toc151176200]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Third change (all text new) * * * *
[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc146636841][bookmark: _Toc148441193][bookmark: _Toc151176059][bookmark: _Toc151176201][bookmark: _Hlk155697356]6.X	Solution #X: SMF activated UE-satellite-UE communication for IMS service
[bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042][bookmark: _Toc146636842][bookmark: _Toc148441194][bookmark: _Toc151176060][bookmark: _Toc151176202]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc22214910]IMS voice calls through the UE-satellite-UE communication link can significantly reduce the load on the feeder link and minimize end-to-end delays between UEs. In the context of onboarding RAN and UPF on a satellite, UEs within the same PLMN will establish connections via the same satellite, i.e. RAN and UPF. Depending on the deployment, a SMF will control such connections, paving the way for a local IMS voice call switching mechanism through UE-satellite-UE communication.
This solution seeks to leverage the local switching mechanism defined in R18 (as outlined in clause 5.43.3 in TS23.501), where the SMF is responsible for managing the local switch. It assumes that UE-1 and UE-2 are connected and controlled by the same SMF, and the SMF determines their connection through the same GEO satellite with UPF onboarding based on the satellite ID reported by the AMF.
Under the same assumptions, this SMF-controlled UE-satellite-UE communication solution for IMS voice calls assumes the following:
· UE-1 and UE-2 are managed by the same SMF.
· The IP address assigned to the UE for the IMS Packet Data Unit (PDU) session is IPv6, implying no Network Address Translation (NAT) involvement (no Access Gateway (AGW) in the IMS media path).
Editor’s Note: how does LI is implemented in case of no AGW is deployed onboard is FFS.
During the establishment of the IMS PDU session, the SMF selects the UPF (PSA1) deployed on the ground. When UE-1 initiates an IMS voice call with UE-2, the SMF inserts the UPF deployed on the satellite as the Uplink Control Layer (UL CL) and Packet Switching Area (PSA2) for UE-1 and UE-2 individually. The voice Real-time Transport Protocol (RTP) packets are then locally switched in the UPF deployed on the satellite, as illustrated in Figure 6.X.1-1.
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Fig. 6.X.1-1: IMS signalling and RTP path with only UPF onboard
[bookmark: _Toc23254043][bookmark: _Toc146636843][bookmark: _Toc148441195][bookmark: _Toc151176061][bookmark: _Toc151176203]6.X.2	Procedures
Editor’s Note: how does this solution apply to roaming UE is FFS.
Editor's Note: how does the UE-satellite-UE communication link works if the serving satellite changes or at least one UE moves out of the serving satellite’s coverage is FFS.


Fig..6.X.2-1:Procedures of activation of UE-satellite-UE communication during IMS call 
Pre-condition: 
· Both UE-1 and UE-2 have an IMS PDU session, and the two IMS PDU sessions share the same RAN and SMF. (based on R18 satellite backhaul mechanism)
· The SMF knows whether a UE is in a satellite with UPF onboarding based on the satellite ID reported by AMF. (based on R18 satellite backhaul mechanism)
· UE-1 and UE-2 have finished IMS registration.
1).	UE-1 initiates an IMS call to UE-2 via SIP Invite message with SDP offer, as described in 23.228[x]. 
2-4).	The SIP Invite message is sent to UE-2 as described in 23.228[x].
The path is: UE-1’s P-CSCF-> UE-1’s S-CSCF-> UE-2’s S-CSCF-> UE-2’s P-CSCF->UE-2 
5).	UE-2 replies 183 with SDP answer to UE-2’s P-CSCF.
6).	UE-2’s P-CSCF initiates the voice QoS flow setup procedure based on the SDP answer. UE-2’s P-CSCF informs PCF the derived source and destination IP address via “fDescs” attribute, as described in Annex B (IMS Related P-CSCF Procedures over N5) in TS 29.514[y].
7). 	UE-2’s PCF performs a SM policy association modification procedure to trigger to establish a voice QoS flow.
The PCF provides PCC rule to SMF. The PCC Rule contains the source and destination IP address, which are derived from “fDescs” attribute. 
8).	If the SMF has determined that UE-2 is in a satellite with UPF deployed based on the satellite ID reported by AMF, the SMF will derive the SUPIs of UE-1 and UE-2 based to the source/destination IP address contained in the PCC rule. Then SMF further derives the satellite ID of UE-1 and UE-2 based on the derived SUPIs. 
The SMF detects that UE-1 and UE-2 are under the same satellite based on the derived satellite ID.
9).	SMF inserts the UPF deployed on the satellite as UL CL and PSA2 for the IMS PDU session of UE-2 as described in clause 4.3.5.4 of TS 23.502[3], and configures the UPF deployed on the satellite with local forwarding rules. (based on the R18 satellite backhaul mechanism).
10).	SMF updates PSA1 for downlink traffic as described in clause 4.3.5.4 of TS 23.502[3].
11).	SMF sends N4 Session Modification to the UPF deployed on satellite to establish the voice QoS flow for UE-2.
13)-14). 	The subsequence PDU session modification procedure is performed as described in clause 4.3.3.2 of TS 23.502[3].
15). 	The SMF notifies the PCF that the PCC decision has been enforced by performing an SMF-initiated SM Policy Association Modification procedure as described in clause 4.3.3.2 of TS 23.502[3].
16). 	The PCF notifies the P-CSCF that the voice QoS flow has been established.
After Step 6, the voice QoS flow for UE-2 is established.
17)-18). 	The 183 with the SDP answer is sent to UE-1’s P-CSCF
The path is: UE-2’s P-CSCF-> UE-2’s S-CSCF-> UE-1’s S-CSCF-> UE-1’s P-CSCF
19) .	The step 6-16 is performed again for UE-1 
After Step 19, The voice QoS flow for UE-1 is established.
20). 	UE-1’s P-CSCF sends the 183 with SDP answer to UE-1.
21). 	UE-2 sends 180 Ringing response to UE-1, and start ringing to alert the user.
22). 	UE-2 sends 200 OK to UE-1 when the user of UE-2 answer the IMS voice call.
The voice RTP packets are locally switched by the UPF deployed on satellite based on the local forwarding rules received in steps 9 and 19. 

[bookmark: _Toc23254044][bookmark: _Toc146636844][bookmark: _Toc148441196][bookmark: _Toc151176062][bookmark: _Toc151176204]6.X.3	Impacts to Services, Entities and Interfaces
SMF:
· Derives UE-1 and UE-2’s IDs based on source/destination IP address and further derives the satellite ID of UE-1 and UE-2.
· Detects/verifies UE-1 and UE-2 are under same satellite coverage based on UE-1 and UE-2’s satellite ID
· Inserts the UPF deployed on satellite (collocated with RAN onboard) as UL CL and PSA2


* * * * End of changes * * * *
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