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1. Introduction/Discussion
[bookmark: _Toc151701863]5.3	Key Issue #3:  Support of UE-satellite-UE communication
[bookmark: _Toc151701864]5.3.1	Description
UE-satellite-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.
It is expected 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.
To support UE-satellite-UE communication for IMS voice and video as well as MCPTT services, the following issues are proposed to be studied:
-	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.
-	Potential impacts on IMS procedures and functions to manage UE-satellite-UE communication.
-	Conditions (such as eligibility, restrictions, authorization …) for realizing UE-satellite-UE communication for UEs.
-	Minimize service interruption if the Serving Satellite changes.
The solutions are assumed to:
-	Minimize any potential UE, RAN, CN or IMS impacts.
-	Support regulatory service requirements, and PLMN country or regional service restrictions.
NOTE 1:	Emergency call service is out of scope of UE-sat-UE communication.
NOTE 2:	Coordination with SA WG3 LI is required before any potential solutions are concluded on to ensure they meet all regulatory requirements.
NOTE 3:	SA WG6 is assumed to determine what Mission Critical services can be supported. Possible impacts on the MCPTT services or other applicable MC services need to be studied by SA WG6.

2. Text Proposal
It is proposed to capture the following changes in TR 23.700-29.

[bookmark: _Toc517082226]* * * * First Change * * * *
6	Solutions
6.0	Mapping of Solutions to Key Issues
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* * * * Second Change * * * *
6.X	Solution #X: Solution for UE-satellite-UE communication with IMS media entity onboard
6.X.1	Description
This solution resolves Key Issue #3 about the Support of UE-satellite-UE communication. Focus on the 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), and minimize service interruption if the Serving Satellite changes.
To support UE-satellite-UE communication for IMS voice and video services, and simultaneously achieve local offloading of traffic to reduce service transmission latency, it is necessary from an architectural perspective to place gNB,UPF and IMS media plane(such as IMS-AGW) on board the satellite. 
NOTE:	These solution only consider the scenario when gNB, UPF and IMS-AGW are deployed on the same satellite and UEs are within the same cell, as shown in Figure 6.X.1-1, UE-satellite-UE communication can be achieved without the user plane traffic going through the ground network. The solutions for UEs located in different cells and communicating via ISL for UE-Satellite-UE are FFS.


Figure 6.X.1-1: Basic concept of UEs- SAT- UEs communications on satellite in same cell
This solution is based on the Rel-18 approach agreed in TS 23.228, TS 24.229 and TS 23.502. Related to PDU Session Establishment, IMS registration signaling, and the IEs included in the messages.
[bookmark: _GoBack]In this solution, for the Architectural enhancement to support UE-satellite-UE communication, as shown in Figure 1, it is necessary from an architectural perspective to place gNB,UPF and IMS media plane(such as IMS-AGW) on board the satellite, and the system should select the on board UPF and IMS media plane function to ensure routing of user plane traffic remains in satellite. The potential impacts on IMS procedures and functions to manage UE-satellite-UE communication as follows:
-	For the PDU Session Establishment procedure of UE-A and UE-B, SMF should select the UPF(SAT) based on the Satellite ID and RAT Type. The Satellite ID may be provisioned to the AMF by O&M, AMF should determines the RAT Type and Satellite ID based on the Global RAN Node IDs, then send RAT Type and Satellite ID to SMF. SMF utilize the NRF to discover UPF(SAT) based on the RAT Type and Satellite ID.
-	For the IMS Registration procedure of UE-A and UE-B, the Access Type in PANI of SIP REGISTER should be ‘3GPP-NR-SAT-LEO’,‘3GPP-NR-SAT-MEO’ for the flexible service control. 
-	For the Calling procedure(MO) of UE-A to UE-B, all the IMS-AGW(SAT) IP address may be provisioned to P-CSCF by O&M. For MO procedure, P-CSCF(O) should select the IMS-AGW(SAT) for UE-A based on the (NR Cell Global Identity)NCGI in PANI of SIP INVITE from UE-A. 
-	For the Calling procedure(MT) of UE-A to UE-B, P-CSCF(T) should select the IMS-AGW(SAT) for UE-B based on the (NR Cell Global Identity)NCGI in PANI of SIP 183 from UE-B. As UE-A and UE-B connect to the same satellite within the same earth stationary cells, their NCGI will be the same, the IMS-AGW(SAT) selected by P-CSCF(O) and P-CSCF(T) will be the same.
-	For scenarios that feeder link is unavailable, all the other steps are same with above, to establish a connection with the terrestrial network, satellites only perform data transmission via ISL.

6.X.2	Procedures
6.X.2.1	UE-Satellite-UE Communication Signalling	


Figure 6.X.2.1-1: UE-Satellite-UE Communication Solution Procedure
1. For UPF(SAT) service Registration procedure, NRF store the UPF(SAT) profile(configured by OAM system, should include the IP address and Satellite ID of UPF(SAT)).

2. AMF can obtain Global RAN ID from RAN through NG Setup process.

3. After the satellite gNB establishes an NGAP connection with the AMF, the UE-A initiates a PDU session establishment request through satellite access.

4. AMF determines the RAT Type and Satellite ID that UE is camping on, based on the Global RAN Node IDs indicated by NG-RAN. The AMF send the Nsmf_PDUSession_CreateSMContext Request(Satellite ID, RAT Type) to SMF. The Satellite ID of all satellite may be provisioned to the AMF by O&M as the same way Coverage availability information provisioning to the AMF.(see TS 23.501 clause 5.4.13.3)

5. SMF utilize the NRF to discover UPF(SAT) based on the RAT Type and Satellite ID, and SMF select the  appropriate UPF(SAT) of the PDU session. 

6. Both UE-A and UE-B proceed PDU Session Establishment procedure as described in step3-step5. In this scenario, as UE-A and UE-B are in the same earth stationary cell, they will connect to same satellite, same UPF(SAT) are selected for the PDU Session of UE-A and UE-B.

7. After PDU session Establishment, UE-A/UE-B initiate IMS Registration procedure, the SIP REGISTER message send from UE to P-CSCF, P-CSCF to I-CSCF, and I-CSCF to S-CSCF should include the Access Type, it should indicate the specific type of satellite accessed by the UE, the specific Access Type are ‘3GPP-NR-SAT-LEO’,‘3GPP-NR-SAT-MEO’). S-CSCF should determine the success and failure of user registration based on the Access Type, User Profile and Operator Policy.

8. UE-A initiate IMS Call to UE-B, in this procedure, both P-CSCF(O) and P-CSCF(T) should select the IMS-AGW(SAT) for UE-A and UE-B based on the Access Type and NCGI. As UE-A and UE-B are in the same earth stationary cell and will connect to same satellite, same IMS-AGW(SAT) are selected for UE-A and UE-B.


6.X.2.2	Minimize service interruption if the Serving Satellite changes
Due to the high mobility of LEO/MEO satellites, there are two scenarios after the UE connects with a satellite: multiple satellites provide continuous coverage to the same Earth Stationary Cell (as shown in Figure 6.X.2.2-1), and multiple satellites do not provide continuous coverage to the same Earth Stationary Cell (as shown in Figure 6.X.2.2-2). In these two scenarios, the serving satellite connected to the UE will change, which will impact service continuity.


Figure 6.X.2.2-1: Discontinuous Satellite Coverage
As Satellite Coverage availability information may be provisioned to the AMF by O&M, in cases where Satellite 1 moves away and no longer covers the cell that UEs located, and Satellite 2 is also unable to cover this cell, AMF shall initiate AN Release procedure(As specified in clause 4.2.6 of TS 23.502) based on the Satellite Coverage availability information. 
Editor’s note: The specific HO procedure under discountinuous satellite coverage scenario is FFS.



Figure 6.X.2.2-2: Continuous Satellite Coverage
In scenarios where Satellite 1 is moving away while Satellite 2 is already covering the cell that UE located, there is continuous satellite coverage to the cell. During this process, the cell in which the UE is located has always had satellite coverage, AMF initiate Handover procedure based on the Satellite Coverage availability information. The specifics of the Handover procedure depend on the connectivity between the satellites, only the UE's connected Satellite gNB needs to switch from Satellite 1 to Satellite 2, without changing satellite onboard User Plane Function ( i.e. UPF(SAT), IMS-AGW(SAT),etc. ). However, if there is no ISL between the two satellites, then the onboard gNB, UPF, and IMS-AGW of the satellite must be switched from Satellite 1 to Satellite 2.
Editor’s note: The specific HO procedure under countinuous satellite coverage scenario is FFS.
6.2.3	Impacts on services, entities and interfaces
This solution impacts the following entities. 
O&M:
-	Capability to configured the UPF(SAT) profile(Include the Satellite ID of UPF(SAT))
-	Capability to provision all the Satellite ID of all satellite to AMF.
SMF：
-	Capability to utilize the NRF to discover UPF(SAT) based on the RAT Type and Satellite ID.
AMF: 
-	Capability to determines the RAT Type and Satellite ID the UE is camping on based on the Global RAN Node IDs.
-	Capability to initiate AN release procedure based on the Satellite Coverage availability information.
-	Capability to initiate Handover procedure based on the Satellite Coverage availability information.
P- CSCF:

-	Capability to select the IMS-AGW(SAT) based on the Access Type and NCGI.
UE: 
-	Capability to send Access Type(‘3GPP-NR-SAT-LEO’,‘3GPP-NR-SAT-MEO’) to the P-CSCF.

* * * * End of Change * * * *
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