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Abstract of the contribution: This paper proposes an evaluation of the solutions to push the content to the edge using a satellite link. It also addresses the remaining editor’s notes on this solution.
1 Discussion

The satellite link is foreseen as an efficient solution for the content delivery to the edge. This document provides an evaluation of the solutions to ensure non-redundant content transmission through satellite link.
2 Proposal
3 Solutions
**** Start of Changes ****
6.6
Solution #6 for Key Issue #8: Role of satellite backhaul in content distribution towards the edge
6.6.1
General description

Currently, serving media content to UE is usually performed from a content server on the DN to the end user crossing the network. UE delivery does not usually benefit from the CDN concept which consists on caching the most popular contents in the edge and being streamed from a location closer to end-users.

Actually, contents can be stored within the core network or at the (R)AN using traditional caching policies such as LRU (Least Recently Used), LFU (Least Frequently Used), FIFO and random caching. In this context satellite can bring an interesting possibility through large bandwidth and its multicast capabilities.

UE requests for media content can lead to multiple transmissions through the network while redirecting this request to the local DN at the edge would prevent the multiple transmission of the same content, regardless of how many times it is requested.

Assuming that the requested content is already available at the Edge, the following solutions address how the UE would be served by local DN at the edge and then relieve the satellite link.



6.6.2
Procedures

6.6.2.1
Procedures to serve UE from the edge with a requested content

The following figure presents an architecture where a network function at the edge (edge NF) is capable of storing content files (e.g., video segments in HTTP-based video streaming applications) provided by a CDN server through a satellite link and making them available at the edge cache. Afterwards, the file stays in the edge cache (subject to the content provider's caching policy) and is served locally to UEs that request it in the future. This ensures that any file is transmitted through the satellite backhaul only once regardless of how many times it is requested.

When a UE requests a file, different approaches are proposed to provide requested content to the UE from the local DN.

Solution 1- Uplink classifier:

This solution proposes to use UL CL standardized in TS 23.501 [6] clause 5.6.4.2 and TS 23.502 [3] clause 4.3.5.4. A UPF supporting UL CL is selected and diverts the traffic which matches with traffic filters provided by SMF. This solution should prevent the satellite link from multiple content transmissions. However, this solution implies having a permanent PDU session between the UE and the remote DN, and thus having a satellite link always loaded because of the resource allocation to each PDU session till their release.

NOTE:
The UL CL can be configured to steer all DNS request to the local Data Network (DN). Depending on whether the requested content is available at the edge, the UE's DNS request can be either resolved in a local IP address (in which case all subsequent context fetching is performed from the local cache) or in a remote IP address (in which case all subsequent context fetching is performed from a remote content distribution server). The DNS resolution mechanisms are provided here for illustration purposes and are out of the scope of this SID.

Solution 2- Multi-homing:

A multi-homed solution defined in TS 23.501 [6] clause 5.6.4.2 and TS 23.502 [3] clause 4.3.5.4 can also be appropriate. The PDU session is associated to multiple IPv6 prefix and a UPF supporting the Branching Point functionality is configured by SMF. The Branching Point provides traffic forwarding toward the PDU session anchors. Thus, one anchor can route the traffic toward a local DN and the other toward the remote DN. UE has routing rules that tells the UE where to send the traffic and which IP address to use. This solution implies having a permanent PDU session between the UE and the remote DN, and thus having a satellite link always loaded because of the resource allocation to each PDU session till their release.
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Figure 6.6.2.1-1: Architecture overview with edge-based content storage and request handling

6.6.3
Impacts on existing nodes and functionality
Solution 1 and solution 2 are based on existing specifications and should not have any impact on existing specifications. However, the mentioned DNS redirection following a UE request may impact the following functions:

1.
PCF should be able to handle the redirection policies provisioned by AF;

2.
Introduction of Edge NF for content storage at the edge;

3.
UPF should be able to redirect UE's request to edge NF;
4.
AF should be able to interface with the edge NF.

6.6.4 Solution Evaluation
The solution based on the Uplink Classifier as well as the solution based on multi-homing do not require any fundamental change on existing system, in particular for the UE and the core network, as the described processes are already specified in TS23.501 and TS 23.502. They have the advantage of being implementable without further specification work.

The proposed solutions allow the deployment in a dynamic manner of every local caching server that can be provisioned with popular content through a satellite transport network.

However, since both solutions imply a permanent PDU session established between the UE and the remote DN, the satellite link need to maintain a minimum resources allocated to support this remote connection. Therefore, with both solutions, a content already present in the edge will surely prevent the resending of this content through the satellite link on UE request but they will not prevent the establishment of a remote connection with the remote CDN server (even if the content is not send once again).
**** End of Changes ****
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