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Abstract: This report introduce a new solution candidate to address IMS call service interruption during Satellite Change. More specifically, the solution is targeting avoiding IMS call drops or degradation due coverage changing or and/or higher end-to-end delay caused by serving satellite changing.
1. Introduction/Discussion
In 23700-29 v0.2.2, it is proposed to study the support of UE-satellite-UE communication as below:
· 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:
· [bookmark: _Hlk151042033][bookmark: _Hlk151041106]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.
   Ccurrently there is discussion ongoing on boarding of some network functionality such as gNB, UPF and/or IMS onto the satellite to support IMS calls from UE-to -UE over satellite access without going to the ground. Under such a scenario, if a change occurs on the node that serves the calling or called UEs, it will pose a significant challenge in terms of service interruption, as detailed below: 
· Call drops or degradation due to serving satellite coverage issue:  
     When the called and calling UEs are located within different satellites, frequent satellite changes can occur due to the continuous movement of the satellite constellation. If such a change happens while one UE is at the edge of coverage of it serving on-board gNB, it may result in call drops or degradation (Figure 1). 


Figure. 1 A scenario where the called and the calling are residing within different satellites at the time when satellite change is occurring.
· Call drops or degradation due to higher end-to-end delays:  
       When the called and calling UEs are located within same satellite and a serving satellite change occurs end up being that the calling and the called UEs served by different satellites. In this situation, guaranteeing the delay budget recommended by the ITU [] while ensuring that the routing of user plane traffic for IMS voice/video call remains within the satellite(s) is a challenging (Figure 2). 


Figure 2. A scenario where the called and the calling are residing within same satellite at the time when satellite change is occurring.
This disclosure provides a solution candidate to address these two above issues. The detailed discerption of the solution is provided in section 2.
2. Reference 

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[bookmark: _GoBack]-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[bookmark: definitions][1]	S2-2405965: “New Solution for Key Issue #3 to Guarantee IMS Traffic Remain within the Satellite While Maintaining the delay ".
2. Proposal
Based on the above discussion, we propose to add or to update TR 23.700-29 Key Issue #3 related solutions based on this solution.
***** Start of Change *****
[bookmark: _Toc22552196][bookmark: _Toc22930369][bookmark: _Toc22987239][bookmark: _Toc23256825][bookmark: _Toc25353553][bookmark: _Toc25918799][bookmark: _Toc31011418][bookmark: _Toc31176931]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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[bookmark: _Toc22552197][bookmark: _Toc22930370][bookmark: _Toc22987240][bookmark: _Toc23256826][bookmark: _Toc25353554][bookmark: _Toc25918800]6. X	Solution #X: UE-Satellite-UE Communication via UPFs on-board the satellites
[bookmark: _Toc500949099][bookmark: _Toc22552199][bookmark: _Toc22930372][bookmark: _Toc22987242][bookmark: _Toc23256828][bookmark: _Toc25353555][bookmark: _Toc25918801]6. X.1	Functional description
This solution take into a consideration that two-leg-routed/identical session or radio bears can be configured to support IMS call satellite access [1]. To address service interruption in this case, the solution proposes to exchange between the source onboard gNB or AMF and the target on-board gNB  during the handover or satellite change preparation procedure for IMS session of UE. These newly indications include:
1- An indication indicating whether the called and calling UEs are within the same satellite 
2- The number of hops to reach the satellite where the called/called party is located; 
3- The PDB delay required to reach the satellite where the called/called party is located;
4- A measurement of UE signal quality over the source on-board gNB  
5- Satellite type [MEO, GEO, LEO]]
The newly indications are exchanged between the source on-board gNB  and the AMF/SMF or between the source on-board gNB  and the target on-board gNB during the handover or satellite change preparation procedure for IMS session of UE e.g.
· Within the Handover required (source on-board gNB to AMF)/handover command(target) in case of N2-Based handover 
· Within Handover request (request) and handover acknowledged (target) in case of Xn handover 
· Within the Path switch signaling from target on-board gNB to AMF (For IMS session) 
The newly indications that is exchanged between the source on-board gNB  and AMF or between the source on-board gNB and the target on-board gNB during the handover or satellite change preparation Indication are used to:
1- Verify whether the calling and called UE are residing under the coverage of a same satellite or not;
2-  and/or to verify whether the delay budget for IMS Session between the calling UE and called is falling within PDB budget recommended by ITU for marinating acceptable voice call quality and 
3- And/or to verify whether the calling UE/called UE is about to lose the coverage of the old satellite.
Based on the new indication and the verification result the source onboard gNBs or the AMF/SMF decide based on the scenario whether that the calling/called UE are located on same satellite or not, whether transfer UE or SM context associated with the two-leg-routed/identical session or radio bears to new satellite or not (as shown in Table 1) .
Table 1: How the source on-board gNB or the AMF decide e the transfer of UE or SM context associated the duplicated session Based on the new indication and the verification result
	
Scenario
	Decision Criteria
	Action Performed By RAN node or AMF/SMF

	





A scenario where the called and the calling are residing within the same satellite at the time when the satellite change is about to occurs
	· If the delay is guaranteed to be acceptable at the new satellite, the UE’s context (including IMS session and radio bearer information) can be migrated from the old satellite to the new one.This ensures that the UE can seamlessly return to the same IMS session or radio bearer after the handover
	    Transfer UE/SM context to new satellite

	
	· If the IMS called party resides in a different satellite than the one the calling party is being handed over to, or if the packet delay budget cannot support acceptable call quality during the move to the new satellite, the context should not be transferred. In this case, the UE will establish a new session or radio bearer upon handover.
	Do not transfer UE/SM context to new satellite, the new satellite may suggest the other satellite other calling party is residing 

	

A scenario where the called and the calling are residing within the different satellite at the time when satellite change is about to occur

	· If the delay is guaranteed to be acceptable at the new satellite, the UE’s context (including IMS session and radio bearer information) can be migrated from the old satellite to the new one. This ensures that the UE can seamlessly return to the same IMS session or radio bearer after the handover
	Migrate UE/SM Context  of Both Calling Parties to New Satellite

	
	· If the delay is not guaranteed or the coverage is not optimal when moving both calling parties to the new satellite, an alternative approach is to: This allows for flexibility based on network conditions.

	Keep the SM context associated with one leg of the duplicated session/radio bearers at the old satellite. In addition, Transfer the second leg (calling party) to the new satellite.




[bookmark: _Toc500949101][bookmark: _Toc22552200][bookmark: _Toc22930373][bookmark: _Toc22987243][bookmark: _Toc23256829][bookmark: _Toc25353556][bookmark: _Toc25918802]6.X.2	Procedures
The signaling procedure for maintaining IMS data service connectivity upon a satellite change are as given below: 
1. A first NG-RAN node (e.g., a first on-board gNB/UPF node) may transmit a NG signalling message to an AMF node or an Xn signalling message to a second NG-RAN node (e.g., a second on-board gNB/UPF node). The NG or XN signalling message may contain one of the following indications:
    -  Indication whether the called and calling UEs are within the same satellite;
    -  Number of hops to reach the satellite where the called is located;
     - A PDB delay required to reach the satellite where the called is located;
    - Satellite access type e.g., MEO, GEO, or LEO.
2. Prior to executing a handover, the second NG-RAN node (e.g., a second onboard gNB/UPF node) or AMF determine whether to migrate the UE or Session Management (SM) context linked to the two-leg routed session to a new satellite (referred to as a target on-board gNB ) designated for the handover. This decision is made to facilitate the UE's seamless return to the identical IMS session/radio bearer following the handover. However, if the IMS-enabled UE is currently situated on a satellite other than, the one designated for the handover, or if the packet delay budget is insufficient to uphold acceptable call quality during the transition to the new satellite, then such a transfer should not perform by the AMF or the second NG-RAN node.
3a . The AMF node or the  replies an NG signalling message to the first RAN node and transfer UE or Session management (SM) context associated with the two-leg routed session to the new satellite or keep it in the old satellite according to Table 1.
3b. The second RAN node (e.g., a second on-board gNB/UPF node) replies an Xn signalling message to the first RAN node (e.g., a first on-board gNB/UPF node) and transfer UE or Session management (SM) context associated with the two-leg routed session to the new satellite or keep it in the old satellite according to Table 1.


Figure.3 The signaling for maintaining IMS data service connectivity during satellite change.
[bookmark: _MON_1640592410][bookmark: _MON_1641195862][bookmark: _MON_1641196201][bookmark: _MON_1641196233][bookmark: _MON_1641196396][bookmark: _MON_1640593091][bookmark: _MON_1640599798][bookmark: _MON_1640605003][bookmark: _MON_1641155577][bookmark: _Toc500949102][bookmark: _Toc22552201][bookmark: _Toc22930374][bookmark: _Toc22987244][bookmark: _Toc23256830][bookmark: _Toc25353557][bookmark: _Toc25918803]6.X.3	Impacts Analysis
AMF/SMF: Receiving of an indication from an NG RAN containing 
    -  Indication whether the called and calling UEs are within the same satellite;
    -  Number of hops to reach the satellite where the called/called is located;
     - A PDB delay required to reach the satellite where the called/called is located;
    - Satellite access type e.g., MEO, GEO, or LEO.
Deciding whether to transfer SM context associated with the two-leg-routed/identical session to new satellite or not .
NG-RAN: Receiving of an indication from an NG RAN containing 
    -  Indication whether the called and calling UEs are within the same satellite;
    -  Number of hops to reach the satellite where the called/called is located;
     - A PDB delay required to reach the satellite where the called/called is located;
    - Satellite access type e.g., MEO, GEO, or LEO.
Deciding to whether transfer UE context associated with the two-leg-routed/identical radio bears to new satellite or not .
***** End of Change *****
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