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Abstract of the contribution: This contribution proposes a new solution for KI#3.
1. Introduction
[bookmark: _Hlk155469990]This new solution is used to resolve the problem of KI#3:
-	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:
-	How to ensure routing of user plane traffic (for MMTEL and MC applications) remains in the satellite.
-	Minimize service interruption if the Serving Satellite changes.

2. Discussion
This paper provides a new solution based on the architecture of UPF/AGW on board of the satellite.
When the AGW is on board of the satellite, the media packets (e.g. RTP packets) are transferred between AGWs of different satellite, the following two aspects should be resolved:
1. How to send media packets between AGWs of different Satellite.
As specified in G.4.3 of TS 23.228:
[bookmark: _Toc153791269]G.4.3	Session establishment procedure
This procedure is applied when P‑CSCF invokes the IMS-ALG function for a session. This can happen at terminating side if the called party is behind a NAT or at the originating side if the session initiator is behind a NAT. Both cases are handled in the P‑CSCF and the IMS Access Gateway as described in this clause.


Figure G.3: Session establishment procedure with NAT traversal
1)	The P‑CSCF receives a SIP message with an SDP offer from UE_A and decides to invoke the IMS-ALG function for this session. The session can either an originating or a terminating session. The SDP offer contains the transport address(es) of UE_A where the media flow(s) should be sent.
[bookmark: _Hlk157871460]2)	The P‑CSCF requests a transport address for each media flow from the IMS Access Gateway. Each request contains sufficient information to determine the side of the IMS access gateway that the transport request is being requested for. (e.g. local or remote side with respect to UE_A).
3)	The IMS Access Gateway reserves one of its transport addresses for the given side of the media flow and this transport address is sent back to the P‑CSCF. The IMS Access Gateway shall keep the reserved temporary transport address (binding) until the session is released.
4)	The P‑CSCF changes the original transport address(es) of the SDP offer to the transport address(es) received from the IMS Access Gateway.
5)	The P‑CSCF forwards the SIP message with the modified SDP offer according to the normal routing procedures.
[bookmark: _Toc153791272]G.4.6	Media forwarding in the IMS Access Gateway
This clause presents the media forwarding performed by the IMS Access Gateway. The behaviour presented in this clause is valid in both directions.


Figure G.5: Packet forwarding in the IMS Access Gateway
1)	UE_A sends a media packet to the transport address of the IMS Access Gateway that was received during the session establishment/modification.
2)	After receiving the media packet the IMS Access Gateway recognizes the media flow based on the transport address where the packet arrived at. The IMS Access Gateway changes the source transport address to its own transport address that was given to the UE_B as the destination transport address during session establishment/modification and the destination transport address to the transport address of UE_B.
UE-A’s P-CSCF requests AGW to allocate transport address for remote side, the transport address (e.g. Tr_A) is sent to UE-B side, and UE-B side uses this transport address as target IP address. For example, AGW-A(UE-A’s AGW) allocate IP-C to UE-B side, and AGW-B(UE-B’s AGW) allocate IP-D to UE-A side. When AGW-A received a media packet from UE-A, it will change the target IP address to IP-D which is allocated by AGW-B, vice versa, when AGW-B received a media packet from UE-B, it will change the target IP address to IP-C which is allocated by AGW-A, please refer to Figure 1.


Figure 1
Observer 1: When AGW is involved in media path, the media packets between UEs is routed between AGWs. The target IP address of the media packet is the address allocated by peer UE’s AGW. 
For the UPF/AGW onboard scenario, the AGW will perform the same actions. But it is not clear how to route the media packet from one AGW to the other. The simplest method is trial and error method, that is, the AGW sends the media packet to each ISL it has, please refer to Figure 2. This method will waste the ISL resources, which is not acceptable.


                                        Figure 2
Observer 2: The trial and error method will waste the ISL resource, it is not acceptable.
AS depicts in clause G.4.3 of TS 23.228 [9], AGW will allocate transport address to the serving UE, and this IP address is used by peer UE side to use as target IP address. If the AGW can know the target satellite based on the target IP address, the AGW can send the media packets through the right ISL directly. The waste can be avoided.


Proposal 1: Each AGW on board satellite(s) is allocated a specific IP range, and relationship between the IP range information and satellite ID is pre-configured to each AGWs on board satellite(s). When one AGW received a media packet from UE, the AGW determines target satellite ID based on pre-configured information and the target IP address, and forwards the media packets to the target satellite based on the target satellite ID directly.
2. How to perform handover between satellites.
This solution assumes that the ground PSA UPF was selected when the PDU Session is established, and the UPF on board satellite is inserted into the data path to act as UL CL and Local PSA when the voice call is established.


If one of the UE is handover from one satellite to another, the Xn or N2 based handover is performed, and the UL CL and local PSA can also be changed to the target satellite based on the procedure of clause “4.3.5.7 Simultaneous change of Branching Point or UL CL and additional PSA for a PDU Session” in TS 23.502. After this procedure the media path please refer to Figure 3 (Suppose that UE-1 move from SAT-1 to SAT-2, UE-2 stays in SAT-2 unchanged).



Figure 3a


Figure 3b
Observer 3: After the handover procedure, the UL CL and local PSA can be changed from source SAT to target SAT based on the current specification in TS 23.228
We can see that the AGW-1 is unchanged, as a result, the media packets between UE-1 and UE-2 still need to be routed back to the SAT-1, this will waste the ISL resources, and lead to USU failure if the ISL is broken.
Proposal 2: When UE changes from source SAT to target SAT, after the handover procedure and the UL CL, local PSA change procedure, the AGW should also be changed.
Please refer to Figure 4.


Figure 4
2 Proposal
[bookmark: _Hlk513714389]Proposal 1: Each AGW on board satellite(s) is allocated a specific IP range, and relationship between the IP range information and satellite ID is pre-configured to each AGWs on board satellite(s). When one AGW received a media packet from UE, the AGW determines target satellite ID based on pre-configured information and the target IP address, and forward the media packets to the target satellite based on the target satellite ID directly.
Proposal 2: When UE changes from source SAT to target SAT, after the handover procedure and the UL CL, local PSA change procedure, the AGW should also be transferred to target SAT.

* * * * Start of 1st Change * * * *（all text new）
[bookmark: _Toc158028859][bookmark: _Toc157596881][bookmark: _Toc151701866][bookmark: _Toc151176058][bookmark: _Toc148441192][bookmark: _Toc146636840][bookmark: _Toc23254040][bookmark: _Toc22214907][bookmark: _Toc157597081][bookmark: _Toc157699126]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Start of 2nd Change * * * *（all text new）
6.X Solution #X for Key Issue #3: Support of UE-satellite-UE communication for IMS services with UPF/AGW on board
[bookmark: _Toc158029073][bookmark: _Toc157597086][bookmark: _Toc157699131]6.X.1	Description
This solution resolves the Key Issue #3 to support UE-satellite-UE communication for IMS services.
This solution assumes that the UPF/AGW on board of the satellite, and the ground PSA UPF was selected when the PDU Session is established, the UPF on board satellite is inserted into the data path to act as UL CL and Local PSA when the voice call is established, as shown in the Figure 6.X.1-1.


Figure 6.X.1-1: IMS Signalling path and Data path for UE-satellite-UE communication
When the AGW is on board of the satellite, the media packets (e.g. RTP packets) may be transferred between AGWs of different satellite, how to perform handover between satellites is introduced in this solution.
[bookmark: _Toc158029074][bookmark: _Toc157597082]6.X.1.1	Reference Architecture
For this solution, gNB, UPF and AGW are deployed on the satellite, as shown in the Figure 6.X.1-1.

 
Figure 6.X.1.1-1: Network architecture with IMS AGW deployed on each satellite
A satellite may have multiple ISLs with multiple satellites, when an AGW receives a media packet from UE, it is not clear which ISL should be used to send the received media packet. The simplest method is trial and error method, that is, the AGW sends the media packet to each ISL it has. This method will waste the ISL resources, which is not acceptable.
AS depicts in clause G.4.3 of TS 23.228 [9], AGW will allocate IP address to the serving UE, and this IP address is used by peer UE side to use as target IP address. To resolve the problem, it suggests that each AGW on board satellite(s) is allocated a specific IP range, and the relationship between the IP range information and satellite ID are pre-configured to each AGWs on board satellite(s). When one AGW receives a media packet from UE, the AGW determines target satellite ID based on pre-configured information and the target IP address, then forwards the media packets to the target satellite based on the target satellite ID directly, as shown in the Figure 6.X.1.1-2.


Figure 6.X.1.1-2: IMS Data path for UE-satellite-UE communication
For example, when the AGW receives a media packet from UE-1, the AGW determines the target IP address is 10.10.6.5 which is in the IP range of SAT-1, then the AGW can determine the satellite ID of SAT-1, and use the ISL with SAT-1 to forward the media packet.
[bookmark: _Toc158029075]6.X.2	Procedures
[bookmark: _Toc158029076][bookmark: _Toc157597083][bookmark: _Hlk158976139]6.X.2.1 Handover procedure when serving satellite changes
Figure 6.X.2.2-1 depicts the example scenario of the handover procedure: UE#1 handover from SAT-1 to SAT-2, and UE-2 states in SAT-2 unchanged.


Figure 6.X.2.2-1: example scenario of the handover procedure
Based on the procedure of clause “4.3.5.7 Simultaneous change of Branching Point or UL CL and additional PSA for a PDU Session” in TS 23.502[3]. When the Xn or N2 based handover is performed for UE-1, the UL CL and local PSA are also changed to the target satellite. Please refer to Figure 6.X.2.2-2.


Figure 6.X.2.2-2: media path based on existing procedure
The AGW-1 is unchanged, as a result, the media packets between UE-1 and UE-2 still need to be routed back to the SAT-1, this will waste the ISL resources.
Therefore, it suggests that the AGW should also be changed to SAT-2, please refer to Figure 6.X.2.2-3.


Figure 6.X.2.2-3: media path after AGW relocation
Figure 6.X.2.2-4 depicts how to relocate the AGW to SAT-2 after the handover procedure.


Figure 6.X.2.2-4: Handover procedure when serving satellite changes
0. [bookmark: _Toc157597087][bookmark: _Toc157699132]UE#1 and UE#2 is in UE-SAT-UE communication. UE#1 is served by satellite SAT#1 and UE#2 is served by satellite SAT#2. The media path between the UEs is:
    UE#1↔SAT#1(gNB#1+UL CL#1+PSA2#1+AGW#1) ↔SAT#2(AGW#2+UL CL#2+PSA2#2+gNB#2) ↔UE#2.
1. Handover procedure is performed as specified in clause 4.9.1 of TS 23.502 [3], and Simultaneous change of UL CL and local PSA is performed as specified in clause 4.3.5.7 of TS 23.502 [3].
2. The uplink media path between the UEs is:
UE#1→SAT#2(gNB#2+UL CL#2)→SAT#1(UL CL#1+PSA2#1+AGW#1)→SAT2(AGW#2+PSA2#2+UL CL#2+gNB#2)→UE#2.
3. The downlink media path between the UEs is:
UE#2→SAT#2(gNB#2+UL CL#2+PSA2#2+AGW#2) →SAT#1(AGW#1+PSA2#1+UL CL#1) →SAT#2(UL CL#2+ gNB#2)→UE#1
4. PCF#1 obtains UE#1’s latest Access Network Information from SMF#1 as specified in TS 23.501 [2].
The Access Network Information includes UE#1’s latest satellite ID.
5. The PCF sends Npcf_PolicyAuthorization_Notify with SAT#2’s satellite ID to P-CSCF as specified in clause 5.2.5.3 of TS23.502 [3] when determining UE#1’s satellite ID is changed. 
P-CSCF subscribes the Access Network Information from PCF during the UE-SAT-UE communication establishment procedure
6. P-CSCF determines whether the USU communication can be continued based on UE#1’s new satellite ID and stored UE#2’s satellite ID, if yes performs step 6.
[bookmark: _Hlk158979835]For example, based on satellite ID 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), if yes, the USU communication can be continued.
Editor's note: It’s FFS if the P-CSCF determines the USU communication cannot be continued.
7. The P-CSCF sends a SIP MESSAGE request to the S-CSCF to request the S-CSCF to notify UE#1 to send a SIP re-Invite to perform SDP re-negotiation. 
8. S-CSCF sends a SIP NOTIFY to UE#1 indicating that UE#1 should send a re-INVITE request.
9. UE#1 sends SIP re-Invite request contains SDP offer[c=IP-1].
IP-1 is the IP address of UE#1.
10-11. The P-CSCF#1 selects the AGW#2 onboard SAT#2 based the satellite ID received in step 5 and performs the procedure of clause G.4.3 in TS 23.228 [9] to obtains the transport address: Tr_IP-1.
12-13. The P-CSCF#1 changes the IP-1 in the SDP offer to Tr_IP-1 received from the AGW#2, and forwards the SIP message with the modified SDP offer to UE#2.
14-15. P-CSCF#1 receives 200 OK with SDP answer[c=IP-2]
IP-2 is the IP address allocated by AGW#2 for UE#2.
16-17. The P-CSCF#1 requests a transport address from AGW#2 as specified in clause G.4.3 of TS 23.228 [9] and AGW#2 returns the transport address: Tr_IP-2.
18. P-CSCF#1 trigger PCF#1 and SMF#1 to perform the PDU session modification procedure
P-CSCF#1 informs PCF#1 the Tr_IP-2 via "fDescs" attribute, and PCF#1 provides to SMF#1 via PCC rule. The SMF#1 sends a new UL CL rule contains Tr_IP-2 to UL CL#2, so that the UL CL#2 will sends the media packets from UE#1 to PSA2#2, then PSA2#2 forwards to AGW#2.
The N9 forwarding tunnel between UL CL#1 and UL CL#2 can be released by SMF#1 when there are no active traffic as specified in clause 4.3.5.7 of TS 23.502[3].
19. The P-CSCF#1 changes the IP-2 in the SDP offer to Tr_IP-2 received from the AGW#2, and forwards the 200 OK with the modified SDP offer to UE#1.
20. After step 19, the media path between the UEs is:
UE#1↔SAT#2(gNB#2+ UL CL#2+PSA2#2+ AGW#2+AGW#2+PSA#2+UL CL#2+gNB#2) ↔UE#2.
6.X.3	Impacts to Services, Entities and Interfaces
The following impacts are foreseen by this solution:
SMF:
· Provision to PCF the serving satellite ID for Regenerative-based satellite access
PCF:
· Provision to P-CSCF serving satellite ID for Regenerative-based satellite access
P-CSCF:
· Selection of AGW onboard satellite.
· Determines whether the USU communication can be continued. 
· Request S-CSCF to trigger UE to send SIP re-Invite message.
S-CSCF:
· Trigger UE to send SIP re-Invite message.

* * * * End of Changes * * * * 
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