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1 Discussion
This contribution provides KI#3 solution evaluation.
Ten solutions have been documented in TR 23.700-29 V0.5.0 to address various aspects of KI#3. In this key issue, UE-satellite-UE (UE-SAT-UE) communication refers to the communication between UEs under the coverage of one or more serving satellites without the user plane traffic going through the ground network.
Solution #28 involves gNB, UL CL/BP/Local PSA UPF onboard satellites for UE-SAT-UE communication. It proposes that IMS-AGW should be deployed on the ground, thereby not supporting IMS LI. This solution assumes that both MO UE and MT UE are served by the same SMF or I/V-SMF instance. And a dedicated SMF (or I/V-SMF) that supports UE-SAT-UE is used based on network configuration.
P-CSCF, S-CSCF and AS determine if UE-SAT-UE communication is allowed and support the delivery of UE-SAT-UE communication indication in the SIP message. P-CSCF then sends the request with UE-SAT-UE indication and the peer UE IP address to 5GS. SMF when receiving a session update request inserts the UPF onboard the satellite as UL CL/BP/local PSA UPF.
Solution #29 leverages the local switching mechanism specified in clause 5.43.3 of TS 23.501 to enable UE-SAT-UE communication, with the assumption that two UEs are connected and controlled by the same SMF, and “the SMF determines their connection through the same GEO satellite with UPF onboard”. It further assumes the absence of IMS-AGW in the IMS media path.
It should be noted that this KI assumes NR UE-SAT-UE communication is served by MEO or LEO satellites, as specified in clause 4 architectural assumption and principle. Thus, solution #29 might not be in the scope of this study. 
Solution #30 introduces mechanisms to determine the eligibility of UE for satellite communication and setup the necessary communication channels accordingly​​.
By inserting “P_Access_Network_Info” in the SIP message, the caller UE indicates gNB identifier corresponding to its serving satellite together with serving cell ID.
When the signalling message is routed to the called UE, the called UE inserts its P_Access_Network_Info with gNB identifier correspond to its serving satellite together with serving cell ID. “Satellite connectivity service”, likely operated by satellite operator, monitors in real time cells and gNB over the satellite constellation and checks if the two UEs are connected to cells of the same satellite. 
In Solution #31, with PSA UPF on the ground and UPF acting as UL CL/BP/local PSA onboard the satellite, all IMS components are on the ground. The solution further assumes that two parties in UE-SAT-UE communication are served by the same PCF and the same SMF, and the call parties are under the same satellite.
Solution #32 supports IMS services by deploying gNB, UPF and IMS-AGW on satellites. Then based on access network information provided by 5GC, P-CSCF determines whether the conditions are met to enable UE-SAT-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. 

It is noted that, unlike Solution #30 where a “Satellite Connectivity Service” (out of 3GPP scope) is used to determine Caller UE and Called UE eligibility to participate into the UE-SAT-UE communication, this solution proposed P-CSCF to determine the eligibility of UE-SART-UE communications.
Furthermore, to ensure traffic routing remains in the satellites, AF influence on traffic routing procedures specified in clause 4.3.6 of TS 23.502 is then applied. In this procedure, P-CSCF acts as the AF, and AGW onboard satellite acts as the EAS.
Solution #33 involves using gNB, UPF and IMS-AGW onboard the same satellite to manage UE-SAT-UE communications. The solution assumes that UEs are within the same cell. 
To minimize service interruption if the serving satellite changes, this solution further proposes to use existing procedures, e.g. AN Release procedure, and AMF initiated handover procedures to support.
Solution #41, the same as Solution #32, also integrates UPF, gNB, and IMS-AGW to support UE-SAT-UE communications. 
When dealing with multiple ISLs with multiple satellite scenarios, it is proposed that each AGW onboard satellite is allocated a specific IP range, and the relationship between the IP range information and Satellite ID are pre-configured to each AGW onboard satellites.
When the UE is handover from gNB onboard one satellite to the other gNB onboard on the other satellite, the handover procedure and simultaneous change of UL CL/local PSA procedures defined in clause 4.3.5.7 of TS 23.502 is used to handle the service satellite changes.
Solution #42 proposes to place gNB, UPF and IMS AGW onboard the satellite, and a new network node acting as their respective relay entity is on the ground. On the ground, AMF and SMF treat the relay entity as a usual gNB and UPF respectively, while P-CSCF treats the relay entity as usually IMS AGW. Similarly, the onboard gNB views the relay entity as an AMF, and the onboard UPF views the relay entity as SMF, and onboard IMS AGW treat relay entity as P-CSCF. The relay entity supports new interfaces, such as N2 Intermediary, N4 Intermediary, and Iq Intermediary. 
In Solution #43, to minimize the IMS impacts, the solution assumes all the IMS subsystems remain on the ground except for IMS-AGW that may be deployed on satellite that serves jurisdictions where LI may apply.
Based on SIP header information, a P-CSCF may determine that both parties are eligible for UE-SAT-UE communications. P-CSCF may then invoke PCF service, and to trigger PCF via PCC rules, to request SMF to insert UL CL/BP/local PSA UPF to ensure the media path go through UL/CL UPF on the satellite, while the IMS signalling path remains on the ground.
Like Soluiton#41, the procedure in clause 4.3.5.7 of TS 23.502 is used to handle serving satellite change. 
When the satellite serves an area where LI may apply, the architecture supports an IMS-AGW on board of the satellite. 
 


2	Proposal
It is proposed to include the following changes in TR 23.700-32 V0.3.0.
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Ten solutions have been documented in TR 23.700-29 V0.5.0 to address various aspects of KI#3. In this key issue, UE-satellite-UE (UE-SAT-UE) communication refers to the communication between UEs under the coverage of one or more serving satellites without the user plane traffic going through the ground network.
As described in clause 5.3, the key issue’s objectives include:
· Enhancing the architecture to ensure a minimum necessary set of 5GC network functions and IMS components (if any) onboard the satellite. At the same time, it is required to ensure routing of user plane traffic remains in the satellite.
· Identifying the conditions to realize UE-satellite-UE communications.
· Minimizing service interruption during the serving satellite changes
7.X.1 	Solution Overview
Solution #28 involves gNB, UL CL/BP/Local PSA UPF onboard satellites for UE-SAT-UE communication. It proposes that IMS-AGW should be deployed on the ground, thereby not supporting IMS LI. This solution assumes that both MO UE and MT UE are served by the same SMF or I/V-SMF instance. And a dedicated SMF (or I/V-SMF) that supports UE-SAT-UE is used based on network configuration.

P-CSCF, S-CSCF and AS determine if UE-SAT-UE communication is allowed and support the delivery of UE-SAT-UE communication indication in the SIP message. P-CSCF then sends the request with UE-SAT-UE indication and the peer UE IP address to 5GS. SMF when receiving a session update request inserts the UPF onboard the satellite as UL CL/BP/local PSA UPF.

Solution #29 leverages the local switching mechanism specified in clause 5.43.3 of TS 23.501 to enable UE-SAT-UE communication, with the assumption that two UEs are connected and controlled by the same SMF, and “the SMF determines their connection through the same GEO satellite with UPF onboard”. It further assumes the absence of IMS-AGW in the IMS media path.

It should be noted that this KI assumes NR UE-SAT-UE communication is served by MEO or LEO satellites, as specified in clause 4 architectural assumption and principle. Thus, solution #29 might not be in the scope of this study. 

Solution #30 introduces mechanisms to determine the eligibility of UE for satellite communication and setup the necessary communication channels accordingly​​.

By inserting “P_Access_Network_Info” in the SIP message, the caller UE indicates gNB identifier corresponding to its serving satellite together with serving cell ID.

When the signalling message is routed to the called UE, the called UE inserts its P_Access_Network_Info with gNB identifier correspond to its serving satellite together with serving cell ID. “Satellite connectivity service”, likely operated by satellite operator, monitors in real time cells and gNB over the satellite constellation and checks if the two UEs are connected to cells of the same satellite. 

In Solution #31, with PSA UPF on the ground and UPF acting as UL CL/BP/local PSA onboard the satellite, all IMS components are on the ground. The solution further assumes that two parties in UE-SAT-UE communication are served by the same PCF and the same SMF, and the call parties are under the same satellite.

Solution #32 supports IMS services by deploying gNB, UPF and IMS-AGW on satellites. Then based on access network information provided by 5GC, P-CSCF determines whether the conditions are met to enable UE-SAT-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. 

It is noted that, unlike Solution #30 where a “Satellite Connectivity Service” (out of 3GPP scope) is used to determine Caller UE and Called UE eligibility to participate into the UE-SAT-UE communication, this solution proposed P-CSCF to determine the eligibility of UE-SART-UE communications.

Furthermore, to ensure traffic routing remains in the satellites, AF influence on traffic routing procedures specified in clause 4.3.6 of TS 23.502 is then applied. In this procedure, P-CSCF acts as the AF, and AGW onboard satellite acts as the EAS.

Solution #33 involves using gNB, UPF and IMS-AGW onboard the same satellite to manage UE-SAT-UE communications. The solution assumes that UEs are within the same cell. 

To minimize service interruption if the serving satellite changes, this solution further proposes to use existing procedures, e.g. AN Release procedure, and AMF initiated handover procedures to support.

Solution #41, the same as Solution #32, also integrates UPF, gNB, and IMS-AGW to support UE-SAT-UE communications. 

When dealing with multiple ISLs with multiple satellite scenarios, it is proposed that each AGW onboard satellite is allocated a specific IP range, and the relationship between the IP range information and Satellite ID are pre-configured to each AGW onboard satellites.

When the UE is handover from gNB onboard one satellite to the other gNB onboard on the other satellite, the handover procedure and simultaneous change of UL CL/local PSA procedures defined in clause 4.3.5.7 of TS 23.502 is used to handle the service satellite changes.

Solution #42 proposes to place gNB, UPF and IMS AGW onboard the satellite, and a new network node acting as their respective relay entity is on the ground. On the ground, AMF and SMF treat the relay entity as a usual gNB and UPF respectively, while P-CSCF treats the relay entity as usually IMS AGW. Similarly, the onboard gNB views the relay entity as an AMF, and the onboard UPF views the relay entity as SMF, and onboard IMS AGW treat relay entity as P-CSCF. The relay entity supports new interfaces, such as N2 Intermediary, N4 Intermediary, and Iq Intermediary. 

In Solution #43, to minimize the IMS impacts, the solution assumes all the IMS subsystems remain on the ground except for IMS-AGW that may be deployed on satellite that serves jurisdictions where LI may apply.
 
Based on SIP header information, a P-CSCF may determine that both parties are eligible for UE-SAT-UE communications. P-CSCF may then invoke PCF service, and to trigger PCF via PCC rules, to request SMF to insert UL CL/BP/local PSA UPF to ensure the media path go through UL/CL UPF on the satellite, while the IMS signalling path remains on the ground.
 
Like Soluiton#41, the procedure in clause 4.3.5.7 of TS 23.502 is used to handle serving satellite change. 
 
When the satellite serves an area where LI may apply, the architecture supports an IMS-AGW on board of the satellite. 
 
7.X.2	Architecture Enhancement Options
Various architecture enhancement options are proposed as analysed in clause 7.X.1. In this clause, Table 7.X.2-1 further summarizes the three architecture enhancement options, including gNB+UPF+IMS-AGW onboard, gNB+UPF onboard only with IMS-AGW on the ground, and gNB+UPF onboard with IMS-AGW onboard only when LI is required, and their corresponding solution proposals.
Table 7.X.2-1: Summary of Architecture Enhancement Options
	
	gNB, UPF, and IMS-AGW onboard satellite
	gNB and UPF onboard satellite, IMS-AGW on the ground
	gNB and UPF onboard satellite, with IMS-AGW onboard only when LI is required

	Solution #28
	
	X
	

	Solution #29
	
	X
	

	Solution #30
	
	
	

	Solution #31
	
	X
	

	Solution #32
	X
	
	

	Solution #33
	X
	
	

	Solution #41
	X
	
	

	Solution #42
	X
	
	

	Solution #43
	
	
	X



7.X.3	Solution Principles
From the analysis in clauses 7.X.1 and 7.X.2, to achieve this key issue’s objectives, the following solution principles are proposed,

· It is assumed that two UEs are served by a common SMF and PCF.

· Architectural Enhancements: UPF such as UL CL/BP/local PSA should be onboarding the satellite, along with gNB. The IMS-AGW may also be onboard to support LI. The media path for communication remains on the satellite through the UL CL/BP/local PSA UPF, while IMS signalling remains on the ground via a PSA UPF.

· Service Continuity: With the aforementioned architectural enhancements, service continuity can be achieved by implementing existing procedures, e.g. simultaneous change of BP/UL CL and additional PSA for a PDU session specified in clause 4.3.5.7 of TS 23.502.

· Eligibility for UE-SAT-UE Communication: The eligibility of UEs for satellite communication can be determined by the P-CSCF which considers SIP header information, as well as the network access information received from PCF.
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