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Abstract: This contribution proposes a solution to reports satellite constellation and change of backhaul delay information to PCF/AF.
1. Introduction
In release 17, a satellite backhaul category indication was defined to indicate the satellite backhaul information and is exposed to PCF/AF. However, this indication may be not enough if the satellite backhaul involves multi-hops of ISL.
This solution is for KI#1: PCC/QoS control enhancement considering dynamic satellite backhaul:
-	Determination of packet delivery latency or bandwidth or both of the satellite backhaul on the UP path.
-	Policy/QoS control enhancements based on the determined packet delivery latency or bandwidth or both of the satellite backhaul on the UP path.
-	What kind of backhaul information can be exposed to the AF, and how to perform the exposure?
This contribution proposes to reports satellite constellation and change of backhaul delay information to PCF/AF.
2. Discussion
If the satellite backhaul involves multi-hops of ISL, in some cases, the propagation delay of backhaul paths may change dramatically with the movement of satellite and such kind of change normally be periodic and can be well predicated based on the operation information of satellite constellation. 
For example, as shown in Figure 1, if the satellite backhaul is based on a polar-orbit (LEO/MEO) satellite constellation (as shown in Figure 1), there will be a cross-seam in the constellation, where satellites at different sides have opposite moving direction and it is challenging to support cross-seam ISLs establishment (Intra-plane ISLs usually can be permeant. Inter-plane ISLs are also stable in middle and low latitude area).
If a polar-orbit satellite constellation does not support cross-seam ISLs, then when the cross-seam transits, the backhaul delay will increase dramatically due to the increase of transmission path hop count (as shown in Figure 2). This may cause the delay of LEO backhaul category near or larger than the delay of a MEO, and the delay of MEO backhaul category near or longer than the delay a GEO. 
[image: ].
Fig.1: Polar-orbiting LEO/MEO constellation (2D views of the global coverage constellation)
[image: ]
Fig.2: Due to lack of cross-seam ISL, the hops count of transmission path increases when the cross-seam transits
Observation 1: If a polar-orbit satellite constellation does not support cross-seam ISLs, the backhaul delay may change dramatically when cross-seam transits or leave. The routing hop counts is not known by the 5GC, but the cross-seam transiting or leaving event can be known based on satellite operation information.
If cross-seam ISLs are supported, there are will be frequent ISL handover with the movement of satellites on the different side of the cross-seam, the backhaul delay may not change dramatically, but the delay jitter will be larger due to the opposite movement of frequent handover.
Observation 2: If a polar-orbit satellite constellation support cross-seam ISLs, the backhaul delay jitter may be much larger when cross-seam transits.
As the cross-seam transiting may last for minutes or even hours (dependent on density of the satellites orbits in the constellation and location of gNB and 5GC), it is worthwhile to report such kind of predictable and crucial event and its lasting time to PCF/AF, e.g., to help them understand that the dramatic packet latency/jitter increase is inevitable over a period of time, then AF may start to perform application layer coding compensation or PCF may make a firm decision to release the PDU session if the QoS requirement is not satisfiedchange the backhaul link for some QoS flows/PDU sessions, further, AF/PCF may not switch a PDU session/QoS flow to a satellite constellation with cross-seam transiting until sometime in the future, if there are multiple backhaul links at the same time.
Observation 3: The cross-seam transiting event reporting can help PCF/AF to make decisions with forward looking.
Proposal: This contribution proposes to make 5GC perceive the predictable and crucial event of satellite transport networks and reports them to PCF and AF.
3. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-27.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc324232213][bookmark: _Toc326248709][bookmark: _Toc22286587][bookmark: _Toc23317648][bookmark: _Toc97528064]6.X	Solution for Key Issue #1: Information of satellite constellation and change of backhaul delay exposed to PCF/AF
[bookmark: _Toc326248710][bookmark: _Toc22286588][bookmark: _Toc23317649][bookmark: _Toc97528065]6.X.1	Description
[bookmark: _Toc509873782][bookmark: _Toc509905232][bookmark: _Toc22286589]If the satellite backhaul involves multi-hops of ISL, in some cases, the propagation delay of backhaul paths may change dramatically with the movement of satellite and such kind of change normally be periodic and can be well predicated based on the operation information of satellite constellation. 
If a polar-orbit satellite constellation is used and it does not support cross-seam ISLs, the backhaul delay may change dramatically when cross-seam transits or leave. If cross-seam ISLs are supported, there are will be frequent ISL handover with the movement of satellites on the different side of the cross-seam, the backhaul delay may not change dramatically, but the delay jitter will be larger due to the frequent handover of ISL.
[bookmark: _Toc23317650][bookmark: _Toc97528066]As the cross-seam transit may last for minutes or even hours (dependent on density of the satellites orbits in the constellation and location of gNB and 5GC), it is worthwhile to report such kind of predictable and crucial event and its lasting time to PCF/AF, e.g., to help them understand that the dramatic packet latency/jitter increase is inevitable over a period time, then AF may start to perform application layer coding compensation or PCF may make a firm decision to  release the PDU session if the QoS requirement is not satisfiedchange the backhaul link for some QoS flows/PDU sessions, further, AF/PCF may not switch a PDU session/QoS flow to a satellite constellation with cross-seam transiting until sometime in the future, if there are multiple backhaul links at the same time.
[bookmark: _Toc326248711][bookmark: _Toc22286590]6.X.2	Procedures


Figure 6.x.2-1: Information of satellite constellation and change of backhaul delay exposed to PCF/AF
1. AMF reports the satellite backhaul information to PCF/AF during the PDU session establishment procedure. Besides the satellite backhaul category indication, AMF also reports the satellite constellation information including ‘LEO or MEO polar-orbit satellite constellation with or without cross-seam ISLs supported’, if multi-hops of ISLs are involved by a polar-orbit satellite constellation. AMF can determine the Satellite constellation information based on local configuration.
2. If satellite backhaul with LEO or MEO polar-orbit satellite constellation information is received, AF/PCF requests report of backhaul delay change information based on PCRT mechanism as described in clause 6.1.3.18 of TS 23.503 or service event exposure mechanism as described in 4.15.3 of TS 23.502.
[bookmark: _GoBack]3-4. Based on satellite operation information which includes the time when cross-seam transit or leave event occurs with location of the gNB and the current selected UPF, AMF or SMF determines that backhaul delay will change and report the delay change information (i.e.g., cross-seam transit or leave event and lasting time of the event) to PCF/AF based on PCRT mechanism as described in clause 4.16.5.1 of TS 23.502 or service event exposure mechanism as described in 4.15.3 of TS 23.502. If the PCRT mechanism and AMF-based reporting is used, AMF utilizes the Nsmf_PDUSession_UpdateSMContext service to report the delay change information to SMF.
Editor’s Note: It is for FSS what the delay change information contains and what the satellite operation information is.
NOTE 2: AMF or SMF can obtain the satellite operation information by local configuration or from a satellite operator centre outside the 3GPP domain.
[bookmark: _Toc23317651][bookmark: _Toc97528067]6.X.3	Impacts on services, entities and interfaces
This solution impacts the following system entities.
AMF:
· Capability to report polar-orbit satellite constellation information.
· Capability to determine and report of cross-seam transit or leave event of polar-orbit satellite constellation to PCF and AF, if AMF is used to report the delay change information.
SMF:
· Capability to determine and report of cross-seam transit or leave event of polar-orbit satellite constellation to PCF and AF,. if SMF is used to report the delay change information.
PCF/AF:
· Capability to ask report of backhaul delay change information if polar-orbit satellite constellation information received.
* * * * End of changes * * * *
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