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Abstract: This paper proposes to update solution#32 in 3GPP TR 23.700-29, to minimize service interruption when the serving satellite changes.
1. Introduction/Discussion
This contribution provides to update solution#32 to Key Issue on support of UE-satellite-UE communication in 3GPP TR 23.700-29.
2. Text Proposal
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It is proposed to add the following revision of chapter 6.32 in 3GPP TR 23.700-29.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc157597081][bookmark: _Toc157699126]6.32 Solution #32 for Key Issue #3: Support of UE-satellite-UE communication for IMS services with UPF/AGW inserted on satellites
6.32.1	Description
This solution resolves the Key Issue #3 to support UE-satellite-UE communication for IMS services, and some content can resolve Key Issue #1.
This solution proposes enhancement to both 5GC and IMS, including:
· Enhance 5GC procedures and functions to transfer and handle the access network information with specific treatment for Regenerative-based satellite access. It is also applicable for Key Issue #1
· Enhance interactions between 5GC and IMS, enabling 5GC to provide access network information with specific treatment for Regenerative-based satellite access,
· [bookmark: OLE_LINK6]Enhance IMS procedures and functions to distribute the access network information with specific treatment for Regenerative-based satellite access, enabling IMS to determine the conditions for realizing UE-satellite-UE communication for IMS services,
· Establish an IMS-influencing traffic routing mechanism, enabling user plane traffic to remain in the satellites.
It is necessary for the 5GC network function UPF, and the IMS component AGW to be deployed to the satellite(s). For some operator, the AGW is necessarily deployed in UE's media path to support some important features, e.g. transcoding, security isolation from IMS core, Lawful Interception.
Considering AGW on board satellites, it is assumed that P-CSCF is pre-configured with satellite constellation information.
In roaming scenario, depends on inter-operator agreement, if the access network of UE can be exchanged between different IMS domains, then this solution can support the roaming scenario.
Editor's note: how to handle LEO constellations where the satellite changes is FFS.
[bookmark: _Toc157597082][bookmark: _Toc157699127]6.32.1.1	Reference Architecture
The examples of network architecture are listed in the Annex C. For this solution, gNBs, UPFs and IMS AGWs are deployed on the satellites. The PSA UPFs for IMS session are on the ground.
IMS AGW can be deployed on each satellite with gNB and UPF, as shown in the Figure 6.32.1-1.


Figure 6.32.1.1-1 : Network architecture with IMS AGW deployed on each satellite
In this figure, the two UEs are served by Satellite 1 and Satellite 2 respectively, and the two serving satellites are connected with ISL. On each satellite, gNB, UPF and IMS AGW are installed. The signalling of UE1 and UE2 goes to the ground IMS network, while the media path between UE1 and UE2 does not go through the ground for UE-Satellite-UE(UE-SAT-UE) communication. The two UEs can be served by a same satellite or different satellites.
An alternative architecture is to install the common IMS AGW in some satellites, and the common IMS AGW can serve users that access network from other satellites as shown in Figure 6.32.1-2.



Figure 6.32.1.1-2 : Network architecture with common IMS AGW
For this architecture, the media path between UEs just goes through the common IMS AGW to achieve UE-SAT-UE communication.

6.32.2	Procedures
[bookmark: _Toc157597083][bookmark: _Toc157699128]6.32.2.1 Provision of access network information in 5GC
This procedure is based on PDU session Establishment or Modification procedures described in 4.3.2 or 4.3.3 23.502, with specific treatment for Regenerative-based satellite access. 
NOTE. The mechanism of this procedure can also apply for Key Issue #1 accordingly.
Figure 6.32.2.1-1 describes the general procedure.


Figure 6.32.2.1-1: Provision of access network information in 5GC
1. UE requests IMS PDU Session Establishment/Modification via Regenerative-based satellite access for NR NTN.
2. Based on information provided by NG-RAN onboarding the satellite, the AMF determines the RAT Type information and/or serving satellite ID for Regenerative-based satellite access of the UE. The RAT Type information is distinguished from currently defined satellite access RAT type for Transparent-based satellite access , e.g. "NR(LEO)", "NR(MEO)", "NR(GEO)" and "NR(OTHERSAT)". The serving satellite ID is the ID of satellite with onboard RAN component connected by UE, which could be distinguished from currently defined satellite ID for satellite backhaul. Then the AMF includes RAT Type information and/or serving satellite ID in the message to SMF, e.g. PDU Session Create/Update SM context Request.
3. The SMF may respond to AMF as described in 4.3.2 or 4.3.3 of 4.3.3 23.502.
4. The SMF decides to perform SM Policy Association Establishment/Modify procedures as defined in 4.3.2 or 4.3.3 23.502, including the RAT Type information and/or serving satellite ID for Regenerative-based satellite access in the request to PCF. PCF transfers and handles this access network information with specific treatment for Regenerative-based satellite access (e.g. RAT type information and/or Serving satellite ID) as specified in clause 6.32.2.2.
[bookmark: _Toc157597084][bookmark: _Toc157699129]6.32.2.2 Provision of access network information to IMS
In this procedure, the 5G core network can provide the access network information of the UE via regenerative-based satellite access (e.g. RAT type information and/or Serving satellite ID) to IMS. This information is required in IMS to comply with regulatory requirements (e.g. data retention, lawful interception) and determine whether to perform UE-satellite-UE communication IMS services for this UE.
Figure 6.32.2.2-1 describes the general procedure.



Figure 6.32.2.2-1: Provision of access network information to IMS
1. P-CSCF receives SIP Messages (e.g. Register request, INVITE request, Offer response) from the UE.
2. P-CSCF invokes Npcf_PolicyAuthorization_Create/Update Request to request the access network information and subscribe the serving satellite ID change event for its served UE, as described in 4.16.5.2 23.502. The access network information can contain NPLI (Network Provide Location Information) including user location and/or UE Time Zone information, RAT type and serving satellite ID.
3. PCF retrieves the access network information. If the PCF has received a subscription for serving satellite ID change notification in Step 2, the PCF subscribes to SMF using the existing procedure.
4. PCF invokes Npcf_PolicyAuthorization_Create/Update Response to report the access network information for the UE.
[bookmark: _Toc157597085][bookmark: _Toc157699130]6.32.2.3 IMS procedures to determine to perform the UE-satellite-UE communication
This procedure describes how the access network information, with specific treatment for Regenerative-based satellite access provided by 5GC (e.g. RAT type information, and/or Serving satellite ID, and/or NPLI), can be distributed within IMS. This information is necessary in IMS to determine whether the conditions are met to enable UE-satellite-UE communication for IMS services, e.g. voice, video. This includes verifying if UEs have subscribed to UE-Satellite-UE communication for IMS services, and checking the currently used RAT Types for regenerative-based satellite access, and if they are close to each other.
This procedure is based on the procedures described in Annex R of 23.228. Figure 6.32.2.3-1 describes the general procedure.


Figure 6.32.2.3-1: IMS procedures to determine to perform the UE-satellite-UE communication
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]P-CSCF#1 and P-CSCF#2 represent either the originating side or terminating side of the IMS session.
1. The UE#1, S-CSCF#1 or other IMS functions send a SIP message (e.g. INVITE, Response) to P-CSCF#1.
2. P-CSCF#1 initiates to retrieve UE#1's access network information by using the procedure described in 6.32.2.2.
3. P-CSCF#1 sends the SIP Message to S-CSCF#1, including UE#1's access network information.
4. S-CSCF#1 validates the UE#1’s service profile and invokes any appropriate service logic for this SIP message to determine if UE-satellite-UE communication for IMS services can be provided for UE#1.
5. S-CSCF#1 forwards the SIP message to S-CSCF#2 of the peer UE (assuming S-CSCF#2 is in the same trust domain), by initiating S-S procedures as described in 5.5.2 of 23.228.
If S-CSCF#1 determines the UE-satellite-UE communication for IMS services can be provided for UE#1, S-CSCF#1 forwards the SIP message, including UE#1's access network information to S-CSCF#2 (assuming S-CSCF#2 is in the same trust domain).
6. S-CSCF#2 validates the UE#2’s service profile and invokes any appropriate service logic for this SIP message to determine if UE-satellite-UE communication for IMS services can be provided for UE#2.
7. S-CSCF#2 forwards the SIP message to P-CSCF#2.
If S-CSCF#2 determines the UE-satellite-UE communication for IMS services can be provided for UE#2, S-CSCF#2 forwards the SIP message, including UE#1's access network information to P-CSCF#2.
8. P-CSCF#2 retrieves UE#2's access network information from 5GC by using the procedures described in 6.32.2.2.
If P-CSCF#2 receives the UE#1's access network information from S-CSCF#2, P-CSCF#2 is aware that UE#1 and UE#2 are both served by Satellite with gNB, UPF and IMS AGW onboard, and UE-satellite-UE communication for IMS services may be provided. 
9. P-CSCF#2 determines whether to perform UE-satellite-UE communication for IMS services for UE#1 and UE#2. For example, based on access network information of UE1 and UE2, P-CSCF#2 can, based on configuration, determine whether the two UEs are connected to the same satellite or with interconnected satellites (through ISL). 
When determining that UE-satellite-UE communication can be performed and based on UE#2’s serving satellite ID, for the media path of UE#2, P-CSCF#2 performs (re)selection of AGW onboard the satellite to ensure IMS media traffic routing remain in the satellites, correlated with the procedure described in 6.32.2.4.
When determining that UE-satellite-UE communication cannot be performed, the UE-UE IMS service should be routed on ground, e.g. because of long distance between two UEs, or the peer UE does not access via Regenerative-based satellite access which is the high probability scenario at presence, the P-CSCF#2 select the AGW on ground following normal IMS procedures.
NOTE 1:  Like P-CSCF#2, P-CSCF#1 shall also receive the access network information for both UE#1 and UE#2 during the IMS procedures. Then the P-CSCF#1 shall perform above same AGW (re)selection for UE#1.
[bookmark: _Toc157597086][bookmark: _Toc157699131]6.32.2.4 IMS influence on traffic routing
[bookmark: _Toc20203995][bookmark: _Toc27894681][bookmark: _Toc36191748][bookmark: _Toc45192834][bookmark: _Toc47592466][bookmark: _Toc51834547][bookmark: _Toc145939410]This procedure is proposed to ensure traffic routing remains in the satellites. It is based on Application Function influence on traffic routing procedures described in 4.3.6 of 23.502. 
· P-CSCF sends request to influence SMF routing decisions for traffic, by initiating Application Function influence on traffic routing procedures described in 4.3.6 of 23.502. This will be performed in the step 9 of the procedure described in 6.32.2.3, after P-CSCF determines to provide UE-satellite-UE communication for IMS services for the UE. In this procedure, P-CSCF acts as the AF, and AGW on board satellite acts as the EAS.
· For the IMS PDU session, the SMF selects and inserts UPF(s) on board satellite(s) in the data path to act as UL CL UPF and Local PSA UPF. The PSA UPF of the IMS PDU session was selected on the ground during the PDU Session Establishment procedure.
After this procedure, the IMS signalling of the UE remains going to the P-CSCF on the ground through PSA UPF on the ground. The media path of the UE goes through UL CL UPF, local PSA UPF and AGW on board satellite(s), and is connected to the AGW of the peer UE. Figure 6.32.2.4-1 shows the IMS Data path for UE-satellite-UE communication.


Figure 6.32.2.4-1: IMS Data path for UE-satellite-UE communication
6.32.2.5 Support of the serving satellite change
The mobility of LEO/MEO satellites can lead to changes in serving satellites, potentially requiring UL CL UPF and L-PSA UPF and/or AGW relocation. The relocation procedures for MO UE and MT UE can be performed separately. 
The procedure supporting the serving satellite change is based on Edge Relocation described in clause 6.3 of 23.548, which refers to the procedures supporting EAS changes and/or PSA UPF relocation. Edge relocation procedures can apply for AGW and/or UPF relocation caused by serving satellite change. In this procedure, P-CSCF acts as the AF, and AGW on board satellite acts as the EAS. The procedures are initiated by P-CSCF or SMF.
· The relocation caused by serving satellite changes can be initiated by P-CSCF, as described in clause 6.3.7 of TS 23.548, e.g. AGW load balance or maintenance, or due to UP path change notification, or due to serving satellite change notification (the procedure of P-CSCF subscription for serving satellite ID change notification is described in clause 6.32.2). During the AGW relocation, P-CSCF updates the corresponding IMS sessions.
· The relocation caused by serving satellite changes can be initiated by SMF, as described in clause 6.3.5 of TS 23.548, e.g. determining whether to relocate UL CL UPF and/or L-PSA UPF considering the user plane latency requirements provided by the P-CSCF. In the procedure, P-CSCF may relocate AGW.
[bookmark: _Toc157597087][bookmark: _Toc157699132]6.32.3	Impacts to Services, Entities and Interfaces
The following impacts are foreseen by this solution:
AMF:
· Determination of the RAT Type information and serving satellite ID for Regenerative-based satellite access of the UE.
· Provision to other NFs the RAT Type information and serving satellite ID for Regenerative-based satellite access.
SMF:
· Provision to other NFs the RAT Type information and serving satellite ID for Regenerative-based satellite access
· Support the edge relocation procedures described in clause 6.3 of 23.548
PCF:
· Provision to IMS functions the RAT Type information and serving satellite ID for Regenerative-based satellite access
· Subscription for serving satellite ID change notification
P-CSCF:
· Provision of RAT Type information and serving satellite ID for its served UE to other IMS functions.
· Determination of UE-satellite-UE communication for IMS services.
· (re)Selection of AGW onboard satellite correlated with Application Function influence on traffic routing procedures.
· Subscription for serving satellite ID change notification
· Relocation of AGW onboard satellite correlated with edge relocation procedures.
S-CSCF:
· Provision of RAT Type information and serving satellite ID for its served UE to other IMS functions.
· Provision of RAT Type information and serving satellite ID for the remote UE to other IMS functions.
· Validation of UE-satellite-UE communication for IMS services.
* * * * End of changes * * * *
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