	
[bookmark: _Hlk60837667][bookmark: _Hlk94515710]3GPP TSG-SA WG2 Meeting #163	S2-2406062
Jeju, South Korea, May 27 – May 31, 2024											
Source:	NTT DOCOMO
Title:	KI#3: Evaluation and Conclusion
Document for:	Approval
Agenda Item:	19.1
Work Item / Release:	FS_5GSAT_ARCH_Ph3 / Rel-19
Abstract: Evaluation and conclusion for KI#3
1. Discussion
Ahead of SA2#163, 10 solutions were proposed for KI#3 (Support of UE-satellite-UE communication). These are solutions #28-#33, #40-#43. This proposal makes an evaluation of these solutions and provides conclusion principles for KI#3.
2. Proposal
It is proposed to capture the following evaluation and conclustion to 3GPP TR 23.700-29 v0.5.0.
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7.x	Evaluation of KI#3
7.x.0 	Overview
KI#3 (Support of UE-satellite-UE communication) is to identify and study architectural enhancements required to ensure routing of user plane traffic remains in the satellite and impacts on existing IMS procedures and functions to facilitate this. It is assumed that a link to the ground, via ISL to another satellite with a link to a ground gateway, or via multiple other satellites using ISLs to another satellite with a link to ground gateway or direct from the serving satellite to a ground gateway, is always available. The chosen solutions or architectures should have minimum impact on UE, RAN, CN and IMS.
The main issues that need to be answered under the perview of this KI are identified as follows:
-	Issue 1: Determination of UE-satellite-UE communication (how and which entity decides UE-satellite-UE communication)
-	Issue 2: UEs under coverage of single or multiple satellites (connected over ISL).
-	Issue 3: Handover procedure in case of mobility of UE(s) or satellites.
-	Issue 4: Onboard entities (which entities are required onboard the satellites).
There are 10 candidate solutions (28-33, 40-43) proposed to address KI#3. The following clauses provides evaluation on these solutions addressing the above-mentioned issues.

7.x.1	Determination of UE-satellite-UE communication
In the proposed solutions the determination/verification of UE-satellite-UE communication is handled either by the IMS (P-CSCF or S-CSCF) or by the SMF.
Solutions #28, #32, #40, #41 and #43 propose that the NFs in the IMS determines whether UE-satellite-UE can be activated. Solution #29 and #31 proposes using the SMF in the 5GC and in case of solution #30, a satellite connectivity service is used.
The P-CSCF makes the determination in case of solutions #32, #40, #41, and #43. In solution #40, enhancements to SDP negotiation procedures on the P-CSCF is proposed for the determination. In case of solution #32 and #41 this is determined based on the satellite ID associated with the UEs. Solution #43 proposes that the P-CSCF uses PANI and the PCF notified access information to determine both parties of a call are served by the same satellite or served by satellite constellation that supports ISL.
The S-CSCF is responsible to determine the possibility of UE-satellite-UE communication in solution #28 where the S-CSCF verifies UE’s subscription data and codec information to check if the UE-SAT-UE communication is possible.
The SMF makes the determination in solutions #29 and #31. In solution #29 this is done based on UEs belonging to the same satellite ID reported by the AMF, whereas in solution #31 the 5GC verifies if both UEs are served by the same PCF and the same SMF to determine the possibility of UE-satellite-UE communication.
In case of solution #30, a satellite connectivity service that monitors in real time satellite constellation motion and satellite interconnectivity takes this decision.
7.x.2	UEs under coverage of single or multiple satellites
Out of the proposed solutions only solutions #29 and #33 require the UEs to be under the cocerage of the same satellite. Solutions #28, #30, #31, #32, #40, #41, #42, #43 consider the availability of ISL between the satellites and the proposed solutions work for UEs under the coverage of different satellites belonging to the same satellite constellation as well. Such support of interconnected satellites ensures that even upon mobility of satellites, the call is not dropped provided HO procedures are supported.
7.x.3	Handover in case of mobility of UE(s) or satellites
Out of the proposed solutions only solutions #28, #40, #41, and #43 describe the procedures for HO in case of UE(s) or satellite mobility.
Solution #28 uses the Xn based inter NG-RAN HO procedure as an example for the proposed HO procedure. In the proposed procedure, the serving common SMF or I/V-SMF remains the same even when the serving satellite changes.
The HO procedures proposed in solutions #40, #41, and #43 involve the change/relocation of UL CL. Solution #43 also establishes PtP tunnel between the source UL CL and the target UL CL.
While solution #33 does not provide specific HO procedures, it proposes that only the UE’s connected satellite gNB needs to switch from source to target satellite without switching the UPF and IMS AGW onboard.
7.x.4	Onboard entities
KI#3 describes the need to identify architectural enhancements required to support UE-satellite-UE communication with minimum necessary set of 5GC NFs and IMS components onboard the satellite. The solutions proposed could be categorized into 2 categories based on the entities deemed necessary to be onboard the satellite.
Cat 1: gNB and UL CL/BP/L-PSA onboard
Solutions #28, #29, #31, #40, and #43 fall under this category. In this category of solutions, the SMF is responsible for performing the UL CL/BP/L-PSA UPF selection upon the determination that UE-satellite-UE communication is possible. In case of the solutions that describe HO procedures (solutions #40 and #43), the UL CL is relocated/changed to the target satellite from the source satellite.
Cat 2: gNB, UPF, and AGW on board
Solutions #32, #33, #41, and #42 fall under this category. Solution #32 is based on Application Function influence on traffic routing procedures with the assumption that the P-CSCF is pre-configured with satellite constellation information. In solution #41, in addition to the AGW, the UL CL and local PSA are onboard the satellite and each AGW onboard satellite(s) are allocated a specific IP address range to avoid trial and error based selection of ISL. Solution #42 proposes to place gNB, UPF and IMS AGW onboard the satellites and the representative Relay entity on ground such that the AMF, SMF, and P-CSCF on ground treats the Relay as usual gNB, UPF and AGW and the onboard entities treat the Relay as ground based AMF, SMF, and P-CSCF respectively.
While solutions #32, #33, and #41 require AGW onboard for LI, solution #42 does so to hide the complexities of satellite communication from MNOs using the Relay.
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Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.
8.x	Conclusions for Key Issue #3
The following principles of system behaviour for supporting UE-satellite-UE communication apply:
-	A procedure to support UEs served by different satellites connected over ISL should be supported.
-	IMS AGW should be located on ground to minimize IMS impacts and to minimize onboard entities.
Editor's Note:	Whether IMS AGW onboard is necessary to perform LI needs to be confirmed by SA3.
-	A procedure to place the UL CL onboard should be supported.
-	Handover mechanism based on existing UL CL change/relocation procedures should be supported.
NOTE: During handover procedure, procedures for In-sequence delivery of user data could be considered in normative phase.
-	The AMF should be able to recognize the satellite ID and satellite constellation ID and further propagate this in 5GS during PDU session establishment.
-	P-CSCF should determine the possibility of UE-satellite-UE communication based on MO and MT UEs belonging to the same satellite constellation ID and based on PANI exchanged between the originating and terminating network’s P-CSCF.
-	IP addresses to UEs should be allocated from a dedicated IP address pool belonging to the satellite constellation ID.
-	A mechanism for the discovery/selection between network nodes onboard the satellite and on ground based on satellite ephemeris information should be supported.
-	For routing between the satellites, an IP over IP tunnel between the onboard local UPF in MO UE side and the onboard local UPF in the MT UE side should be supported.
-	A procedure to hide complexities related to satellite communications from the MNOs should be supported.
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