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Abstract of the contribution: This contribution proposes an evaluation and interim conclusions for KI#3. 
1. 
Discussion 
1.1 
General

KI#3 concerns the support of UE-SAT-UE communication.
There are 10 candidate solutions for KI#3 (i.e., #28, #29, #30, #31, #32, #33, #40, #41, #42, #43). This pCR groups the solutions based on 7 sub-issues and proposes the way to go forward.
There were some solution updates summited in the SA2#162 meeting and not handled due to the limit of time units, however, these updates are beneficially supplementary to the existing solutions. Therefore, this pCR takes them into consideration for the evaluation, including S2-2404140, S2-2404708, S2-2404027, S2-2404415, S2-2404766, S2-2404143 and S2-2404617.
1.2 
Sub-issue#1: Which nodes should be on-board the satellite(s) 

One of the key targets this key issue is to determine the minimum necessary set of 5GC network functions and IMS components (if any) onboard the satellite(s) to achieve UE-SAT-UE communication, and the solutions are grouped in the table 1.2-1.
Table 1.2-1: Solution Grouping for sub-issue#1
	No.
	Solution summary
	Candidate solutions

	G1-1
	gNB + UPF
	#28, #29, #30, #31, #40, #43

	G1-2
	gNB + UPF + IMS-AGW
	#32, #33, #41, #43

	G1-3
	gNB + UPF + IMS-AGW + Inter-Satellite Coordination NF
	#42


The common sense is that at least gNB(s) and UPF(s) are required to be deployed on-board the satellite(s). 
Additionally, IMS-AGW(s) may be installed on the satellite(s) to support the transcoding, LI support in application level. 
Solution #42 proposes a new Inter-Satellite Coordination NF with new procedures and protocols, which introduces huge impacts to the existing system.
Proposal: Support G1-1 and G1-2.
1.3 
Sub-issue#2: Which node determines the UE-SAT-UE communication 

This sub-issue to determine the node/component to trigger the UE-SAT-UE communication and the solutions are grouped in the table 1.3-1.
Table 1.3-1: Solution Grouping for sub-issue#2
	No.
	Solution summary
	Candidate solutions

	G2-1
	P-CSCF, based on IP connectivity and codec
	#28, #31, #40, #32, #33, #41, #43

	G2-2
	SMF, based on P-CSCF input and IP connectivity
	#29

	G2-3
	S-CSCF, based on IP connectivity and codec
	#30

	G2-4
	No trigger
	#42


G2-1 proposes P-CSCF to trigger the UE-SAT-UE communication based on the information of IP connectivity, ISL, codecs and so on.
Although G2-2(#29) mentioned that SMF determines the UE-SAT-UE communication, it indicates the transcoding bypass is decided by P-CSCF. Therefore, this solution basically implies P-CSCF triggers the UE-SAT-UE communication.

G2-3(#30) reads that "IMS core network SIP server (e.g.: S-CSCF) provides to SMF via PCF (Rx/N5 interface)".
For G2-4(#42), the UPF and IMS-AGW on-board the satellite are always used for calls.
Proposal: P-CSCF triggers the UE-SAT-UE communication, and 5GC activates the user plane path on the satellites.
1.4 
Sub-issue#3: How SMF selects PSA UPF 

This sub-issue is to determine the PSA UPF and the solutions are grouped in the table 1.4-1.
Table 1.4-1: Solution Grouping for sub-issue#3
	No.
	Solution summary
	Candidate solutions

	G3-1
	UPF on the ground selected as PSA UPF
	#28, #29, #30, #31, #40, #32, #41, #43

	G3-2
	UPF on-board the satellite selected as PSA UPF
	#33, #42


The majority solutions propose to select the UPF on the ground as PSA UPF (G3-1) for IMS session. While G3-2 suggests that SMF chooses the UPF on-board the satellite as PSA UPF.

If the UPF on-board the satellite as PSA UPF, there would be some problems like, how to differentiate normal IMS calls and UE-SAT-UE communication calls, how to keep UE's IP unchanged and guarantee service continuity.

Besides, for #42, how to route DL SIP signalling is unclear.
Proposal: select the UPF on the ground as PSA UPF for IMS session.
1.5 
Sub-issue#4: How to setup the user plane path on the satellites 

After the IMS system (P-CSCF) triggers the UE-SAT-UE communication, it indicates the SMF via PCF to activate the user plane path configuration. The SMF(s) then inserts UPFs on-board the satellites to route the media traffic between MO UE and MT UE. For the architecture assumption with only gNB(s) and UPF(s) on-board the satellite(s), if the inserted UPF for MO UE and MT UE are different, a tunnel need to be setup between the two UPFs. The solutions are grouped in the table 1.5-1.
Table 1.5-1: Solution Grouping for sub-issue#4
	No.
	Solution summary
	Candidate solutions

	G4-1
	Common SMF to control local switch in UPF or tunnel between UPFs
	#28, #29, #31

	G4-2
	No common SMFs required, but UPF tunnel information exchanged via 5GC and IMS
	#40

	G4-3
	No common SMFs required, but PtP tunnel information exchanged via 5GC and IMS
	#43


G4-1 reuses Rel-18 solution, that is, a common/dedicated SMF to control the traffic tunnel for UE-SAT-UE communication.
G4-2 and G4-3 don't require one common SMF to configure the user plane path, but SMF/PCF/IMS need to be enhanced to exchange the user plane tunnel information. The difference of the two solution group is that G4-2 sets up N19 tunnel, while in G4-3 PtP tunnel is used.

Proposal: re-use Rel-18 solution and a common or dedicated SMF to control the GTP tunnel between inserted UPFs serving MO and MT UEs.
1.6 
Sub-issue#5: Handover handling 

The solutions are grouped in the table 1.6-1.
Table 1.6-1: Solution Grouping for sub-issue#5
	No.
	Solution summary
	Candidate solutions

	G5-1
	Existing handover procedures with potential enhancements
	#28, #29, #40, #41, #43

	G5-2
	Existing edge relocation procedures
	#32

	G5-3
	New handover procedures
	#42

	G5-4
	No handover (the communication falls back to normal session)
	#31


G5-1 basically uses existing handover procedures with possible enhancement to 5GC or IMS. 

G5-2 re-uses exiting edge relocation procedures when satellite changes.  

G5-3 designs brand-new handover procedures and introduces impacts to existing system

G5-4 proposes not to consider handover in this release.

Proposal: G5-1 is preferred and IMS-AGW relocation need to be considered. G5-4 can be taken if handover is not possible.
1.7 
Sub-issue#6: LI impact
The solutions are grouped in the table 1.7-1.
Table 1.7-1: Solution Grouping for sub-issue#6
	No.
	Solution summary
	Candidate solutions

	G6-1
	LI support with gNB/UPF on-board the satellites
	#29, #40

	G6-2
	LI support with gNB/UPF/IMS-AGW on-board the satellites
	#43

	G6-3
	UE-SAT-UE communication disabled when LI is required for the call
	No solution


For G6-1, LI system can retrieve network layer data from UPF using existing procedure.

G6-2 uses IMS-AGW onboard the satellites for service layer LI.

For G6-3, when P-CSCF detects that LI is required for the current user, UE-SAT-UE communication is not triggered.

Proposal: All the solutions could be considered.
1.8 
Sub-issue#7: Roaming consideration 

The solutions for roaming are grouped in the table 1.8-1.
Table 1.8-1: Solution Grouping for sub-issue#7
	No.
	Solution summary
	Candidate solutions

	G7-1
	Roaming with LBO and HR
	#28

	G7-2
	Roaming with LBO
	#29, #31, #43

	G7-3
	Not clear
	#32


G7-1 considers roaming with LBO and HR. 

G7-2 proposes to consider roaming with LBO scenario.
G7-3 suggests roaming supported, while not provides details. 

Proposal: UE-SAT-UE communication is triggered when UEs are served by the same PLMN
2. 
Proposal

It is proposed to update TR 23.700-29 to capture the following changes.
**** First Change ****
7
Overall Evaluation

Editor's note:
This clause will provide evaluation of different solutions.
7.X 
Evaluation of Key Issue #3

There are 10 candidate solutions for KI#3 (i.e., #28, #29, #30, #31, #32, #33, #40, #41, #42, #43). The KI can be divided into following sub-issues, and the solutions can be categorised accordingly:

1) Sub-issue#1, which nodes should be on-board the satellite(s): 

Ssolutions for determine the minimum necessary set of 5GC network functions and IMS components (if any) onboard the satellite(s) to achieve UE-satellite-UE communication are grouped in the table 7.X-1.
Table 7.X-1: Solution Grouping for sub-issue#1
	No.
	Solution summary
	Candidate solutions

	G1-1
	gNB + UPF
	#28, #29, #30, #31, #40, #43

	G1-2
	gNB + UPF + IMS-AGW
	#32, #33, #41, #43

	G1-3
	gNB + UPF + IMS-AGW + Inter-Satellite Coordination NF
	#42


The common sense is that at least gNB(s) and UPF(s) are required to be deployed on-board the satellite(s). 

Additionally, IMS-AGW(s) may be installed on the satellite(s) to support the transcoding, LI support in application level. 

Solution #42 proposes a new Inter-Satellite Coordination NF with new procedures and protocols.

2) Sub-issue#2, which node determines the UE-satellite-UE communication:

Ssolutions are grouped in the table 7.X-2.
Table 7.X-2: Solution Grouping for sub-issue#2
	No.
	Solution summary
	Candidate solutions

	G2-1
	P-CSCF, based on IP connectivity and codec
	#28, #31, #40, #32, #33, #41, #43

	G2-2
	SMF, based on P-CSCF input and IP connectivity
	#29

	G2-3
	S-CSCF, based on IP connectivity and codec
	#30

	G2-4
	No trigger
	#42


G2-1 proposes P-CSCF to trigger the UE-satellite-UE communication based on the information of IP connectivity, ISL, codecs and so on.

Although G2-2(#29) mentioned that SMF determines the UE-satellite-UE communication, it indicates the transcoding bypass is decided by P-CSCF. Therefore, this solution basically implies P-CSCF triggers the UE-satellite-UE communication.

G2-3(#30) reads that "IMS core network SIP server (e.g.: S-CSCF) provides to SMF via PCF (Rx/N5 interface)".

For G2-4(#42), the UPF and IMS-AGW on-board the satellite are always used for calls.

3) Sub-issue#3, how to select the PSA UPF

This sub-issue is to determine the PSA UPF and the solutions are grouped in the table 7.X-3.
Table 7.X-3: Solution Grouping for sub-issue#3
	No.
	Solution summary
	Candidate solutions

	G3-1
	UPF on the ground selected as PSA UPF
	#28, #29, #30, #31, #40, #32, #41, #43

	G3-2
	UPF on-board the satellite selected as PSA UPF
	#33, #42


The majority solutions propose to select the UPF on the ground as PSA UPF (G3-1) for IMS session. While G3-2 suggests that SMF chooses the UPF on-board the satellite as PSA UPF.

If the UPF on-board the satellite as PSA UPF, there would be some problems like, how to differentiate normal IMS calls and UE-satellite-UE communication calls, how to keep UE's IP unchanged and guarantee service continuity.

Besides, for #42, how to route DL SIP signalling is unclear.

4) Sub-issue#4, how to setup the user plane path on the satellites:
After the IMS system (P-CSCF) triggers the UE-satellite-UE communication, it indicates the SMF via PCF to activate the user plane path configuration. The SMF(s) then inserts UPFs on-board the satellites to route the media traffic between MO UE and MT UE. For the architecture assumption with only gNB(s) and UPF(s) on-board the satellite(s), if the inserted UPF for MO UE and MT UE are different, a tunnel need to be setup between the two UPFs. The solutions are grouped in the table 7.X-4.
Table 7.X-4: Solution Grouping for sub-issue#4
	No.
	Solution summary
	Candidate solutions

	G4-1
	Common SMF to control local switch in UPF or tunnel between UPFs
	#28, #29, #31

	G4-2
	No common SMFs required, but UPF tunnel information exchanged via 5GC and IMS
	#40

	G4-3
	No common SMFs required, but PtP tunnel information exchanged via 5GC and IMS
	#43


G4-1 reuses Rel-18 solution, that is, a common/dedicated SMF to control the traffic tunnel for UE-satellite-UE communication.

G4-2 and G4-3 don't require one common SMF to configure the user plane path, but SMF/PCF/IMS need to be enhanced to exchange the user plane tunnel information. The difference of the two solution group is that G4-2 sets up N19 tunnel, while in G4-3 PtP tunnel is used.

5) Sub-issue#5, handover handling: 

The solutions are grouped in the table 7.X-5.
Table 7.X-5: Solution Grouping for sub-issue#5
	No.
	Solution summary
	Candidate solutions

	G5-1
	Existing handover procedures with potential enhancements
	#28, #29, #40, #41, #43

	G5-2
	Existing edge relocation procedures
	#32

	G5-3
	New handover procedures
	#42

	G5-4
	No handover (the communication falls back to normal session)
	#31


G5-1 basically uses existing handover procedures with possible enhancement to 5GC or IMS. 

G5-2 re-uses exiting edge relocation procedures when satellite changes.  

G5-3 designs brand-new handover procedures and introduces impacts to existing system

G5-4 proposes not to consider handover in this release.

6) Sub-issue#6, LI impact:
The solutions are grouped in the table 7.X-6.
Table 7.X-6: Solution Grouping for sub-issue#6
	No.
	Solution summary
	Candidate solutions

	G6-1
	LI support with gNB/UPF on-board the satellites
	#29, #40

	G6-2
	LI support with gNB/UPF/IMS-AGW on-board the satellites
	#43

	G6-3
	UE-satellite-UE communication disabled when LI is required for the call
	No solution


For G6-1, LI system can retrieve network layer data from UPF using existing procedure.

G6-2 uses IMS-AGW onboard the satellites for service layer LI.

For G6-3, when P-CSCF detects that LI is required for the current user, UE-satellite-UE communication is not triggered.

7) Sub-issue#7, roaming consideration:
The solutions for roaming are grouped in the table 7.X-7.
Table 7.X-7: Solution Grouping for sub-issue#7
	No.
	Solution summary
	Candidate solutions

	G7-1
	Roaming with LBO and HR
	#28

	G7-2
	Roaming with LBO
	#29, #31, #43

	G7-3
	Not clear
	#32


G7-1 considers roaming with LBO and HR. 

G7-2 proposes to consider roaming with LBO scenario.

G7-3 suggests roaming supported, while not provides details. 

**** Next Change ****

8
Conclusions

Editor's note:
This clause will list conclusions that have been agreed during the course of the study item activities.
8.X 
Conclusions of Key Issue#3
Following solution principles are agreed for supporting UE-satellite-UE communication:

1 
Only IMS voice/video services are considered in this release.
2 
PSA UPF is always on the ground.

3
The UE-satellite-UE communication can only be activated under the following conditions:

-
The UEs are served by same registered PLMN

-
The UEs are served by same satellite or different satellites connected via ISL, where satellites belongs to same satellite constellation. 

4
There are two architectural options to support UE-satellite-UE communications:

-
Option A, gNB and UPF on board satellites:

A1)
A common/dedicated SMF in the serving PLMN needs to be selected for IMS PDU session, if the UE is accessing the network via satellite access and the network configuration shows the UE-satellite-UE communication is possible for the UE served by this satellite,
A2)
A P-CSCF checks whether UE-satellite-UE communication can be activated considering PANI in SIP header and UE subscription.

A3)
If any UE is in the target list for LI, the P-CSCF shall not trigger UE-satellite-UE communication for this UE.
A4)
If the UEs are served by two different satellites, the P-CSCF and the SMF have to check whether the satellites are connectable via ISL by interrogating satellite networks.
A5)
The MO P-CSCF shall additionally pass UE codec capability and satellite ID to the MT P-CSCF 

A6) 
A P-CSCF triggers UE-satellite-UE communication and indicates the SMF to configure user plane path.
A7)
The SMF re-uses Rel-18 procedures to configure/update the user plane path between two satellites serving the UEs.
A8)
Handover for serving satellite change needs to be supported

-
Option B, gNB, UPF and IMS-AGW on board satellites:

B1)
A P-CSCF checks whether UE-satellite-UE communication can be activated considering PANI and UE subscription.

B2)
If the UEs are served by two different satellites, the P-CSCF has to check whether the satellites are connectable via ISL by interrogating satellite networks.
B3)
The MO P-CSCF shall additionally pass satellite ID to the MT P-CSCF. 

B4)
A P-CSCF triggers UE-satellite-UE communication and indicates the SMF to configure user plane path, where the SMF just inserts UL-CL/BP + additional PSA on the satellite into the PDU sessions of the UEs.
B5)
Handover for serving satellite change needs to be supported with/without IMS-AGW relocation.
B6)
LI on the IMS layer can be supported via IMS-AGW on board reusing existing procedures.
NOTE:
The LI related conclusions above need to be verified by SA3Li.
**** End of Changes ****
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