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Abstract: Discussion on KI#3 about interconnectivity of satellites and determination of enabling UE-SAT-UE communication.
1. Introduction
This discussion paper analyses satellites interconnectivity of typical satellite constellations and proposes way forwards for which entity and how to determine to enable UE-SAT-UE communication.
2. Discussion
In the current solutions for KI#3, there are different principles/assumptions on interconnectivity of satellites of a constellation with ISLs, which will lead to different ways on how to determine whether UE-SAT-UE commination can be performed, e.g., Sol#30 assumes real time satellite constellation motion and satellites interconnectivity information is needed to determine whether UE-SAT-UE communication is enabled, but other solutions do not have such assumptions.
	Sol#30: 
6.30.1	Description
…
The SIP server will then interrogate a satellite connectivity service, which monitors in real time satellite constellation motion and satellites interconnectivity, providing serving radio cells and gNodeBs for the caller and called UEs.
Editor note:	The need to standardize interface between xCSCF and satellite connectivity service is FFS.
The satellite connectivity service will map this information onto satellites of the constellation in real time and determine if satellites hosting radio cells and gNodeBs for the caller and called UEs are connected via ISL.
If it is the case, then local routing of user plane in satellite or between satellites is possible, and SIP server will indicate to 5GC, i.e.: to SMF via PCF (Rx/N5 interface), the IP addresses for the 2UEs.
…


The assumption behind the Sol#30 is that satellites of a constellation are *not* always reachable to each other, although ISLs can be generally supported by today's satellites. To elaborate on the above assumption, two kinds of typical LEO satellite constellations with ISLs are presented in Figure 1 and Figure 2. 
	

Figure 1: Polar-orbit LEO satellite constellation
	

Figure 2: Inclined-orbit LEO satellite constellation


In the polar-orbit satellite constellation of Figure 1, a satellite may not have *inter-orbit* ISLs with other satellites in a neighbour orbit if the satellite is covering the polar region or if the neighbour satellite has an opposite moving direction (i.e., in the different sides of the cross-seam). Thus, if two UEs access two satellites covering the polar region or belonging to different sides of the cross-seam, there may not be short routing paths between the two satellite for UE-SAT-UE communication. For example, if two UEs access the SAT#1 and SAT#2 in the Figure 1, it is not proper to enable UE-SAT-UE communication for this two UEs, as it is challenging to establish a stable cross-seam ISL between these two satellites.
In the inclined-orbit satellite constellation of Figure 2, if two satellites have different moving directions (i.e., one satellite moves with ascending direction, the other moves with descending direction), even though they are close to each other, there will be no *inter-orbit* ISLs between them. Thus, if two UEs access two satellites with opposite moving directions, there may not be short routing paths between the two satellites for UE-SAT-UE communication. For example, if two UEs access the SAT#1 and SAT#2 in the Figure 2, it is not proper to enable UE-SAT-UE communication for this two UEs.
Observation#1: Solutions assume that satellites of a constellation with ISLs are *not* always reachable to each other. The assumption is valid based on current typical LEO satellite constellations. Thus, when determining whether to enable UE-SAT-UE communications, the satellites interconnectivity issue should be considered.
Based on the principle of observation#1, the UE-SAT-UE communication may be enabled if two UEs access the same satellite or two satellites are interconnected with short routing paths. When one UE handovers to a different satellite, whether the new two satellites are still interconnected with short routing paths needs *re-determination*. One of the reasons is with the movement of satellites and rotation of the Earth, a UE may handover to a satellite with different moving direction with the original one. If the two UEs were accessing the same satellite, as the handover of each UE may happen at different time, the *re-determination* issue still exists.
Observation#2: For two UEs in UE-SAT-UE communication, when handover happens, the network needs to *re-determine* whether the UE-SAT-UE communication can continue based on the interconnectivity of the target serving satellites of the UEs after handover.
In current solutions of KI#3, ULCL&L-PSA is deployed on satellite to enable the UE-SAT-UE communication, which means when handover happens, if UE-SAT-UE communication continues, SMF needs to install corresponding ULCL rules. For example, in solution #14, if UE-1 handovers from SAT-2 to SAT-3, only when the SAT-3 can connect with SAT-2, does the on-board ULCL-3 insertion makes sense, otherwise, a ground PAS UPF and AGW should be used.


Figure 3: Media path after
Thus, the determination on whether to perform UE-SAT-UE communication after UE handover will impact the handover procedure including whether relocating an on-board ULCL&L-PSA and installing corresponding forwarding rules.
Observation#3: The determination on whether to perform UE-SAT-UE communication after UE handover will impact the handover procedure, i.e., the determination of enabling UE-SAT-UE communication is coupled with handover procedure.
Based on above observations, it is better to let the SMF determine whether to enable the UE-SAT-UE communication or not based on satellite interconnectivity, because the Xn or N2 handover procedure is transparent to the IMS system. 
In the case of ULCL&L-PSA UPF on board, the IMS system can determine whether the UE-SAT-UE communication is allowed based on UEs' codec capabilities, operator policy and UEs' subscription data, etc., but it should be the SMF to finally determine whether to enable the UE-SAT-UE communication or not based on satellites interconnectivity. In this way, during the UE handover procedure, the SMF can perform correct UPF relocation and N4 rule installation.
In the case of ULCL&L-PSA UPF and AGW on board, AGW selection and relocation is also needed. If SMF determines the UE-SAT-UE communication can be enabled or continue after UE handover, SMF also needs to notify IMS system (via PCF) to select an AGW on a satellite or relocate the AGW to a target satellite after UE handover, otherwise a ground AGW should be selected.
Observation#4: It should be SMF to determine whether UE-SAT-UE communication can be enabled based on satellites interconnectivity. In the case of AGW on board, if SMF determines UE-SAT-UE communication can be enabled or continue after UE handover, it can notify the IMS system (via PCF) so that an on-board AGW can be selected, otherwise a ground AGW should be used.
3. Conclusion and proposal(s)
The following proposals assume both UL CL/L-PSA and AGW deployed on board.
Proposal#1: It should be the SMF to determinate whether or not enable UE-SAT-UE communication for UEs based on satellite interconnectivity.
Proposal#2: The SMF needs to notify IMS system (via PCF) if the UE-SAT-UE communication can be enabled at the initial call flow or can continue after UE handover, so that an on-board AGW can be (re)selected by IMS system, otherwise a ground AGW should be used.
Proposal#3: Considering the complexity of determining satellite interconnectivity in real time, check whether or not to limit the UE-SAT-UE communication scenario in this release. 
· Option#1 (Preferred): In this release, only when two UEs are *under the same satellite*, UE-SAT-UE communication is enabled by SMF and IMS, and if handover happens the UE-SAT-UE communication should be disabled by re-using the ground PSA UPF and AGW.
· Option#2: Enable UE-SAT-UE communication without limitation, SMF needs to know the real-time interconnectivity between any two satellites. In this case, a dedicated new NF should be introduced to provide such information to SMF via a standardized interface, because SMF should not be the entity to calculate and predict satellite interconnectivity information.
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