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Introduction
The work item "5G system with satellite backhaul" specifies 5G system enhancements to support dynamic satellite backhaul and UPF onboard GEO satellite.
The requirements of supporting dynamic satellite backhaul, i.e., capabilities (latency and/or bandwidth) of the satellite backhaul change over time due to e.g. use of varying inter-satellite links as part of backhaul, in 5GS are specified by SA1 in TS 22.261.

A dedicated study (FS_5GSATB) on support of dynamic satellite backhaul and UPF onboard GEO satellite in 5GS is conducted. The outcome of the study is captured in the TR 23.700-27[4], the conclusion of the study supports a work item (5GSATB), which standardizes some identified solutions by updating specifications TS 23.501 [1], TS 23.502 [2], TS 23.503 [3].
CT3 and CT4 also update specifications TS 29.512[5], TS 29.514[6], TS 29.518[7], TS 29.525[8], TS 29.508[9], TS 29.523[10], TS 29.502[11] and TS 29.571[12] to implement the solution identified by SA2.
Description
PCC/QoS control considering dynamic satellite backhual

While using satellites as the backhaul, a gNB may be subject to variable backhaul delay or bandwidth if the backhaul connection involves varying inter-satellite links or it has different types of satellite backhaul. The change of satellite backhaul delay has impact to PCC/QoS control, hence following enhancements are introduced:
-
New dynamic satellite backhaul categories, i.e. DYNAMIC_GEO, DYNAMIC_MEO, DYNAMIC_LEO and DYNAMIC_OTHERSAT, are defined. If AMF is aware that satellite backhaul category changes (e.g. at handover), the AMF reports the current satellite backhaul category and indicates the satellite backhaul category change to SMF.
-
Based on the dynamic satellite backhaul category indication, the SMF or PCF can determine to enforce QoS monitoring to measure the packet delay between UE and PSA UPF.

UPF onboard GEO satellite to enable edge computing and local switch

As dynamic satellite backhaul may introduce long packet delivery latency and limited bandwidth, for a communication, the shorter satellite backhaul connection is involved, the better experience the user can get. Edge computing and local switch via UPF onboard satellite is a way to avoid/reduce using satellite backhaul. However, deploying UPF on NGSO satellite would lead to UPF mobility, which may bring too much impact to current 5G network architecture. Therefore, Rel-18 only considers the scenario where UPF is onboard GEO satellite, and focuses on system enhancements on support edge computing via UPF deployed on GEO satellite and local switch for UE-to-UE communications via UPF deployed on GEO satellite.
Enhancements for satellite edge computing: 

A UE can establish a PDU session with PSA UPF onboard GEO satellite, or a PDU session with an UL CL/BP and local PSA UPF onboard GEO satellite, to access satellite edge computing service. The SMF selects UPF on board GEO satellite as the PSA UPF or UL CL/BP and local PSA based on the DNAI corresponding to the GEO Satellite ID reported by the AMF and other factors. The AMF determines the GEO satellite ID based on network configuration if it detects that the satellite backhaul category is GEO or DYNAMIC_GEO.

To assist a UE establishing a PDU session with PSA UPF onboard GEO satellite to access satellite edge computing services, the PCF may take GEO satellite backhaul category reported into account to generate or update the URSP rule to include an appropriate Route Selection Descriptor for services deployed on GEO satellite, where the AMF is enhanced to send the satellite backhaul category to the PCF. The UE determines appropriate S-NSSAI and/or DNN based on the received URSP rule, and includes them in the PDU session establishment request. The SMF then determines DNAI to select the PSA UPF onboard GEO satellite based on local configuration, the received S-NSSAI and/or DNN, and GEO Satellite ID. 
In order to insert an UL CL/BP and local PSA UPF onboard GEO satellite into a PDU session to let the UE access satellite edge computing services, the SMF needs also to determine DNAI based on local configuration, S-NSSAI and/or DNN, and GEO Satellite ID, then select UPF on board GEO satellite as the UL CL/BP and local PSA based on the DNAI. 

Enhancements for local switch for UE-to-UE communication : 

The UE to UE traffic may be locally routed by UPF(s) deployed on GEO satellite (i.e. through local switch) to the target UE without traversing back to the satellite gateway on the ground. In Rel-18, only the communication between UEs within same 5G VN group is supported.

For local switching with PSA UPF deployed on satellite, the UPF local switching, N6-based forwarding and N19-based forwarding methods defined for 5G VN group communication can be re-used.
For local switching with UL CL/BP and local PSA UPF deployed on satellite, the SMF determines to activate local switching and N19 forwarding for the UEs using the GEO satellite backhaul, based on AF request including UE identifiers of communication parties, and/or destination IP address(es) reported by PSA UPF on the ground. If local switch for UE-to UE communication can be activated, e.g., the UEs are served by same GEO satellite, the SMF may select and insert the UPF deployed on GEO satellite according to the DNAI as UL CL/BP and L-PSA, and configures UL CL/BP with rules to route the data traffic received from the UE and destined to IP address(es) of the target UE(s) to the L-PSA. The SMF configures the Local PSA with local forwarding rules to forward the data traffic to the target UEs directly. If the selected L-PSAs are different for the UEs in the communication group, N19 tunnel is established between the L-PSAs.
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