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Abstract of the contribution: This contribution proposes the update for the solution#5 for supporting of Satellite Edge Computing via UPF on board. 
1 Discussion
In the last meeting, solution for KI#2 that support of Satellite Edge Computing via UPF on board was approved. The following EN needs to be solved: 
Editor's note:
How UPF on-board can be selected by the SMF as the UL CL/BP and L-PSA is FFS.
Due to the UPF is deployed on the satellite for enabling GEO satellite edge computing, the UPF on-board is different with the UPF on the ground. 

As specified in clause 5.13 of TS 23.501[2], the UPF can be selected by the SMF based on the DNAI. The DNAI may correspond to multiple UPFs on-board. However, the satellites that deploying the selected UPF may not be able to provide the satellite backhaul service to the gNB serving the UE. Therefore, the connectable gNB ID list or gNB IP range is proposed to be configured in the UPF profile. The connectable gNB IDs/IPs are proposed to be configured in the UPF profile. Based on the UPF profile and the gNB serving the UE, the SMF can select the UPF on-board that can provide the satellite backhaul service to the gNB serving the UE.
2 Proposal
It is proposed to update the solution#5 of the TR 23.700-27.
******************** 1st Change ********************
6.5
Solution for KI#2: Support of Satellite Edge Computing via UPF on board
6.5.1
Description

As states in TS 23.548 [6]: "The Edge Computing enables operator and 3rd party services to be hosted close to the UE's access point of attachment, so as to achieve an efficient service delivery through the reduced end-to-end latency and load on the transport network". In Rel-18, in order to enable GEO satellite edge computing, a UPF can be deployed on the satellite. The following figure shows the high level architecture of the Satellite Edge Computing via UPF on board.
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Figure 6.5.1-1: Satellite Edge Computing via UPF on-board

Based on the existing Edge Computing(EC) specification, for providing the application service timely, the Edge Application Servers(EAS) can be deployed on-board and connected to the UPF on-board via a N6 interface. As specified in clause 6.2.3 of TS 23.548 [6], in order to start the EC application service, the UE can initiate the EAS discovery procedure which can discover the IP address(es) of the EAS using Domain Name System (DNS). Therefore, if the EAS can be selected by the UE, the UPF on-board can also be selected to support the Satellite Edge Computing service.

As specified in clause 5.2.1 of TS 23.548 [6], the Edge DNS Client (EDC) functionality in UE ensures that DNS requests from applications are sent to the DNS Server's (e.g. EASDF/DNS resolver) IP address received from the SMF and can ensure the usage of the EAS discovery procedure. If a UE without EDC functionality, it can also use the EAS (re-)discovery functionalities provided by EASDF but cannot be ensured. As specified in clause 5.1.1 of TS 23.548 [6], according to the instruction from the SMF, the Edge Application Server Discovery Function (EASDF) can forward the DNS messages to the DNS server which can resolve the IP address(es) of the EAS. Due to the SMF and the DNS server are all deployed on the ground, the EASDF can also be deployed on the ground.

As specified in clause 6.2.3.2 of TS 23.548 [6], due to the IP address(es) of the EAS needs to be resolved by the DNS server that is on the ground first, a PDU session with the UPF on the ground needs to be established. Then, based on the UE's subscription data, UE location, the information from Application Function (AF), the EAS information reported from EASDF, the SMF may select the target DNAI and trigger UL CL/BP and L-PSA insertion.

For the Satellite Edge Computing case, the SMF has to select a UL CL/BP and a L-PSA on the satellite serving a gNB, e.g. taking the identity of the satellite serving the gNB into account to select a UPF on-board.
As specified in clause 5.13 of TS 23.501[2], the UPF can be selected by the SMF based on the DNAI. The DNAI may correspond to multiple UPFs on-board. However, the satellites that deploying the selected UPF may not be able to provide the satellite backhaul service to the gNB serving the UE. 

The connectable gNB IDs/IPs are proposed to be included in the UPF profile. Based on the UPF profile and the gNB serving the UE, the SMF can select the UPF on-board that can provide the satellite backhaul service to the gNB serving the UE.
When a GTP-U path is activated (echo request/response) between gNB and UPF on-board, the UPF on-board can know the gNB IP address. If UPF profile includes gNB ID, then the UPF on-board needs to be configured with the mapping between gNB ID and the gNB IP, so that the UPF can report gNB ID to the SMF via N4 node level procedure, e.g. N4 report procedure. The UPFs are assumed to be configured with the possible gNB IP addresses so that UPF can initiate GTP-U path monitoring towards this gNBs using echo request/response. 

6.5.2
Procedures

Figure 6.5.2-1 shows the procedure of EAS(UPF on-board) discovery procedure with EASDF.
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Figure 6.5.2-1: EAS(UPF on-board) discovery procedure with EASDF

0.
During the procedure of NG setup, the gNB may inform the AMF of satellite backhaul information and the gNB ID .

1.
The UE initiates the PDU Session Establishment procedure by invoking the PDU Session Establishment Request as specified in clause 4.3.2.2 of TS 23.502 [3]. If the AMF is aware that the serving gNB uses satellite backhaul UP connections, the AMF invokes Nsmf_PDUSession_CreateSMContext Request to send satellite backhaul UP connections information and the gNB ID. The SMF retrieves the UE subscription information from the UDM (which may optionally include an indication on UE authorization for EAS discovery via EASDF) and checks if the UE is authorized to discover the EAS via EASDF. If not authorized, this procedure is terminated.

2.
Based on the UE subscription information, the SMF selects EASDF as described in clause 6.3 of TS 23.501 [2].

3.
The SMF invokes Neasdf_DNSContext_Create/Update Request (UE IP address, SUPI, DNN, notification endpoint, (DNS message handling rules)) to the selected EASDF as specified in clause 6.2.3.2.2 of TS 23.548 [6].

4.
The EASDF invokes Neasdf_DNSContext_Create/Update Response (IP address of the EASDF) to the SMF.

5.
The Application in the UE uses the EDC functionality as described in TS 23.548 [6] clause 6.2.4 sends the DNS Query to the EASDF.

6.
The EASDF handles the DNS Query message received from the UE as specified in clause 6.2.3.2.2 step 12 of TS 23.548 [6].

7.
The EASDF sends the EAS IP addresses which are determined by the DNS system to the SMF as specified in clause 6.2.3.2.2 of TS 23.548 [6].

8.
The SMF selects a UL CL/BP and Local PSA on-board. 
Based on the EAS information received from the EASDF, UPF selection criteria, and possibly Service Experience or DN performance analytics for an Edge Application, the SMF may determine the DNAI and determine the associated N6 traffic routing information for the DNAI.
The SMF may utilize the NRF to obtain the UPF profile(s), or, the SMF may obtain the UPF profile(s) from the UPFs associated with the DNAI via N4 node level procedure, e.g. N4 report, where each UPF profile includes one or more gNB IDs/IPs which is connecting with the UPF on-board. Based on the UPF profile and the gNB ID received from the AMF, the SMF determines the UL CL/BP and Local PSA on-board.
Note:
The UL CL/BP and L-PSA on the satellite are combined in this release of the specification.
9.
The SMF inserts UL CL/BP and Local PSA as described in TS 23.502 [3].



10.
The EASDF sends the DNS Response(s) to the UE if it is indicated to send the buffered DNS response(s) to UE.

6.5.3
Impacts on services, entities and interfaces
This solution impacts the following system entities.

SMF:

-
Capability to determine UL CL/BP and Local PSA on-board which has connection with the gNB serving the UE.

UPF:
-
Configure the connectable gNB ID list or gNB IP range in the UPF profile.
******************** End of Change ********************
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