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[bookmark: _Toc462478989]Abstract of the contribution: This paper proposes to update solution#41.
[bookmark: _Hlk158208767]1	Discussion
This paper proposes to resolve the 4 ENs in solution 41. 
Aspect#1: dynamic IP address issue
Editor's note:	The user of dynamic IP addresses is FFS.
For AGW onboarding architecture, one problem is how the AGW serving for UE-1 route media packets to the AGW serving for UE-2, Solution#41 provides an IP range pre-configure solution: 
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).
The EN list above is used to resolve the problem of how to route media packets if there is no IP range pre-configured in the AGW. 
As specified in G.4.3 and G.4.6 of TS 23.228, the P-CSCF provides information to AGW to correlate to the transport address (step 7 of Figure G.3 in TS 23.228) and the AGW can recognizes the transport address when receives media packets from UE (step 2 of Figure G.5 in TS 23.228).
G.4.3	Session establishment procedure


Figure G.3: Session establishment procedure with NAT traversal
7)	The P‑CSCF requests a transport address for each media flow in the routing domain of its own IMS network from the IMS Access Gateway. The request contains sufficient information to correlate to the transport address request performed in step 2.
8)	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.
9)	The P‑CSCF changes the original transport address(es) of the SDP answer to the transport address(es) received from the IMS Access Gateway.
10)	The P‑CSCF forwards the SIP message with the modified SDP answer according to the normal SIP message routing procedures.
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.
To resolve the dynamic IP addresses problem, it proposes that the P-CSCF provides the peer UE’s satellite ID to AGW when request Tr_B from AGW, the AGW store the mapping between Tr_B and the satellite ID. When the AGW received media packets targeting to Tr_B, the AGW gets the satellite ID of peer UE and sends media packets to target AGW based the satellite ID, please refer to figure 1


Figure 1
The difference with Figure G.3 is as follows:
6. P-CSCF receives response from UE-2, the response message contains the satellite ID of UE-2
7. P-CSCF provides the received satellite ID of UE-2 to AGW
7a. AGW stores the mapping between Tr_B and satellite ID of UE-2
9. AGW receives media packets targeting to Tr_B, the AGW gets the satellite ID of UE-2 based on step 7a, and sends the media packets to the target AGW based on the satellite ID of UE-2.
Proposal 1: P-CSCF provides AGW the satellite ID of peer UE, the AGW stores the mapping between the satellite ID of peer UE and the transport address allocated to the UE. When the AGW receives the media packets from UE, the AGW gets the satellite ID of peer UE based on the target address of the media packets and route the media packet to the target satellite based on the satellite ID.
Aspect#2: UL CL insertion issue
Editor's note:	Whether the procedures for the UL CL insertion need upgrading or not is FFS.
There are two alternative method to resolve the inter-SAT handover problems:
Alternative 1: only UPF( UL CL and additional PSA) are relocated to target satellite, the AGWs unchanged
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, the UL CL and additional PSA are also changed. The N9 tunnel between UL CLs may be established for session continuity.
For this alternative solution, the AGW is unchanged and still in the original satellite, so the data has to be routed back to the original satellite through the N9 tunnel.
Alternative 2: both UPF( UL CL and additional PSA) and AGW are relocated to target satellite 
For this alternative solution, the AGW is also changed to the target satellite, so the data does not need to be routed back to the original satellite through the N9 tunnel.
Alternative 1 can be considered as the upgrading of UL CL.
Proposal 2: take the description of alternative 1 and 2 to the spec.
Aspect#3: P-CSCF determination of UE-satellite-UE communication issue
[bookmark: _Hlk162724177]Editor's note: It's FFS whether and how the P-CSCF determines the UE-Satellite-UE communication cannot be continued.
As described in clause 6.32.2.3 of solution 32, when UE-1 initiates a call to UE-2, UE-2’s P-CSCF can get UE-1’s satellite ID from the SIP invite message, UE-1’s P-CSCF can get UE-2’s satellite ID from the response message of UE-2. So, both the P-CSCFs can get and store the satellite ID of peer UE.
When UE-1 handover to a new satellite, the UE-1’s P-CSCF can get the new satellite ID of UE-1, the UE-1’s P-CSCF can use the new satellite ID of UE-1 and the stored UE-2’s satellite ID to determine whether the UE-Satellite-UE communication can be continued or not. UE-2’s P-CSCF can do similar actions as UE-1’s P-CSCF.
Proposal 3: P-CSCF stores peer UE’s satellite during the IMS session setup procedure. The P-CSCF use the stored peer UE’s satellite ID and latest serving UE’s satellite ID to make decision.
Aspect#4: packet transfer issue
Editor's note:	How the media path is transferred from AGW-1 to AGW-2 is FFS.
As specified in G.4.3 and G.4.6 of TS 23.228, the AGW allocates an IP address to UE, and UE sends media packet towards the IP address allocated by AGW, then the media packet can be routed to the AGW.
So, when AGW-2 allocates IP address to UE-1, the target IP address of new media packets sent by UE-1 is the address allocated by AGW-2, then the media packet will be routed to AGW-2.
Proposal 4: media path is transferred from AGW-1 to AGW-2 based on the IP address allocated by AGW-2.
[bookmark: _Hlk158208812]2	Proposal
It is proposed to include the following changes in TR 23.700-54 V0.1.0.
[bookmark: _Toc510607461]		* * * * Start of Changes * * * *
[bookmark: _Toc161139160][bookmark: _Toc97289436]6.41	Solution #41: Support of UE-satellite-UE communication for IMS services with UPF/AGW on board
[bookmark: _Toc161139162][bookmark: _Toc157699131]6.41.1.1	Reference Architecture
For this solution, gNB, UPF and AGW are deployed on the satellite, as shown in the Figure 6.41.1-1.


Figure 6.41.1.1-1: 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 the following two alternatives:
Alternative 1: AGWs are pre-configured with mapping relationship between IP range and satellite ID
that eEach 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 the 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 6.41.1.1-2.


Figure 6.41.1.1-2: IMS Data path for UE-satellite-UE communication
Editor's note:	The user of dynamic IP addresses is FFS.
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.
Alternative 2: Dynamic IP address (no IP range pre-configuration)
P-CSCF provides AGW the satellite ID of peer UE, the AGW stores the mapping between the satellite ID of peer UE and the transport address allocated to the UE. 
When the AGW receives the media packets from UE, the AGW gets the satellite ID of peer UE based on the target address of the media packets and route the media packet to the target satellite based on the satellite ID.
[bookmark: _Toc161139163]6.41.2	Procedures of when satellite moves

6.41.2.1 General
Considering satellite moves, there are 4 scenarios regarding how RAN serves UE1 and UE2, as shown in Figure 6.41.2.1-1. These result in 4 main handover scenarios, where the starting point of handover path is UE1-“SAT1 with gNB-UL CL/PSA-IMS AGW onboard”-UE2 (details of how the voice media path is switched from ground to satellite can refer to solution#32, where UL CL/PSA are inserted in the path), i.e. T1 case as shown in Figure 6.41.2.1. 
· Scenario I: T1T2: UE1 and UE2 are firstly served by same satellite SAT1 and then UE2 is served by SAT2
· Scenario II: T2T3: UE1 is served by SAT1 and UE2 is served by SAT2 firstly, and then UE1 is served by the same SAT2
· Scenario III: T1T3: UE1 and UE2 are firstly served by same satellite SAT1 and then by same satellite SAT2
· Scenario IV: T2T4: UE1 is served by SAT1 and UE2 is served by SAT2 firstly, and then UE1 and UE2 are separately served by SAT2 and SAT3



Figure 6.41.2.1-1: handover scenarios when RAN moves
When the satellite/UE moves, handover occurs, as IMS AGW is also onboard, whether and how to enable IMS AGW changes accordingly is necessary to be considered, therefore, we have the following 2 alternatives:
Alternative 1: only UPF is relocated to the target satellite, the AGWs is unchanged.



Alternative 2: AGW is also relocated to the target satellite accordingly
6.41.2.2 Procedures of handover when only UPF is relocated
When satellite/UE moves, UE1 and/or UE2 experiences X2/N2 handover. During X2/N2 handover procedures, the procedure of simultaneous change of UL CL and additional PSA for a PDU session as defined in clause 4.3.5.7 in TS 23.502 [3] can be reused. As depicted in Figure 6.41.1.2.1, without AGW changes accordingly, the media path will be re-routed back to the original AGW via N9 tunnel to occupy the ISL.




Figure 6.41.2.2-1: media path of UE1 and UE2 when handover occurs without AGW changes
[bookmark: _Toc161139164]6.41.2.31	Procedure of handover when both UPF and IMS AGW are relocatedwhen serving satellite changes
When satellite/UE moves, UE1 and/or UE2 experiences X2/N2 handover. During X2/N2 handover procedures, the procedure of simultaneous change of UL CL and additional PSA for a PDU session as defined in clause 4.3.5.7 in TS 23.502 [3] can be reused. As IMS AGW also onboard, it is also necessary to enable the IMS AGW changes accordingly to reduce the routing path. As shown in Figure 6.41.2.3-1, with AGW change, there is no need to initiate the N9 tunnel between 2 satellites.





Figure 6.41.2.3-1: media path of UE1 and UE2 when handover occurs with AGW changes
The main idea is when one of peer UEs’ P-CSCF detects the serving satellite ID is changed after handover successfully executed, the P-CSCF may determine to change the IMS AGW accordingly. By informing the UE to request a new IP address, the new IMS AGW’s assigned IP address can be obtained by the UE. Via utilizing the new IMS AGW assigned IP address, the path is also switched. 
We take Scenario II as an example to describe the procedures of how IMS AGW can change when the satellite/UE moves. This procedure can also be used in other handover scenarios by changing the NFs that onboarding different satellites, e.g.:
· Scenario I: UE2’s P-CSCF detects UE2’s serving satellite is changed to be SAT2, and informs UE2 to request IP address from AGW2.
· Scenario III: Both UE1 and UE2’s P-CSCFs detects the serving satellite changes, and informs UE1 and UE2 separately to request IP addresses from AGW2
· Scenario IV: Both UE1 and UE2’s P-CSCFs detects the serving satellite changes, and informs UE1 to request IP address from AGW-2 and informs UE2 to request IP addresses from AGW3 separately

Figure 6.41.2.2-1 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 6.41.2.2-1: 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 6.41.2.2-2.
Editor’s Note: whether the procedures for the UL CL insertion need upgrading or not is FFS.


Figure 6.41.2.2-2: 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 6.41.2.2-3.


Figure 6.41.2.2-3: media path after AGW relocation
Figure 6.41.2.2-4 depicts how to relocate the AGW to SAT-2 after the handover procedure.



Figure 6.41.2.32-41: Procedure of handover Scenario II when IMS AGW changes accordinglyHandover procedure when serving satellite changes
0.	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.
   During the IMS session establishment procedure, the P-CSCF#1 can get both UE#1’s satellite ID and UE#2’s satellite ID, and P-CSCF#1 based on these satellite IDs to determine whether the UE-SAT-UE communication can be performed or not. P-CSCF#1 also stores the satellite ID of 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 TS 23.502 [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.
	For example, based on satellite ID of UE#1 received in step 5 and the satellite ID of UE#2 stored in step 0, P-CSCF#2 1 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 whether and how the P-CSCF determines the UE-Satellite-UE 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 obtain the transport address: Tr_IP-1.
Editor's note:	How the media path is transferred from AGW-1 to AGW-2 is FFS.
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.	UE#1 sends media packets to the Tr_IP-2, so the media packets are routed to the AGW-2 finally.
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.
[bookmark: _Toc160540664]6.41.3	Impacts to Services, Entities and Interfaces
The following impacts are foreseen by this solution:
SMF:
1. Provision to PCF the serving satellite ID for Regenerative-based satellite access
PCF:
1. Provision to P-CSCF serving satellite ID for Regenerative-based satellite access
P-CSCF:
1. Selection of AGW onboard satellite.
1. Determines whether the USU communication can be continued. 
1. Request S-CSCF to trigger UE to send SIP re-Invite message.
1. connection to different PSA-UPF than AGW
S-CSCF:
1. Trigger UE to send SIP re-Invite message.
AGW:
1. connection to different PSA-UPF than P-CSCF
NOTE: This solution assumes that P-CSCF and AGW are not co-located.
* * * * End of Changes * * * *
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