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1
Introduction
Video based services have been instrumental for the massive growth in mobile broadband traffic, with Dynamic Adaptive Streaming over HTTP (DASH) being the dominant technology for video delivery. Video streaming has high demands on the network, which is also recognized by 3GPP SA1, who state the requirements that “the 5G system shall enable efficient delivery of content from a content caching application under the control of the operator” and “the 5G system shall be able to provide the required QoS [..] for a service and support the prioritization of resources when necessary for that service” [1].
3GPP TS 26.501 contains the description and architecture of 5G Media Streaming (5GMS), which is supposed to address these requirements. As part of the 5GMS Stage-3 efforts, and outlined in the Work Item description on 5G Media Streaming stage 3 [4], which was agreed during the ah-hoc meeting on 5GMSA in May 2019 in Paris and approved at SA #84, a new specification will be designated for 5GMS Protocols as TS 26.512.
This document provides a short overview of SAND as existing technology in PSS, and how this technology can apply to 5GMS. In order to increase the efficiency of delivery and enable QoS for adaptive bitrate video streaming applications, SAND messaging as the protocol for control and media interfaces in 3GPP TS 26.512 (5GMS; Protocols) is proposed.
2
SAND in PSS
3GPP TS 26.247 specifies Server and Network Assisted DASH (SAND), defining the interface between DASH clients, media server and network elements. SAND introduces the concept of the DASH Aware Network Element (DANE), an intelligent network element that is aware of DASH resources, which may prioritize and cache DASH resource in order to enhance delivery. The messages are intended to enhance reception, delivery, and for metrics collection purposes.

The functionality that is offered by a DANE in PSS is specified using SAND modes: ‘Network Assistance’, ‘Consistent QoS/QoE’, ‘Proxy Caching’, and ‘Multi-network access’. Below follows a short description of the SAND modes in PSS.
Network Assistance mode
The ‘Network Assistance’ mode is specified in clauses 13.4, 13.5 and 13.6 of TS 26.247 and enables a 3GP-DASH client to improve the QoE of a streaming session. This function is provided by an out-of-band DANE, without involvement of the media server. A 3GP-DASH client can request network assistance which the DANE can provide through:
· Indicating the highest suitable media rate for the next segment download; and/or

· Indicating a temporary delivery boost to reduce the risk of buffer underruns.

The ‘Network Assistance’ function works with sessions, which have to be initiated when a client requires network assistance, and have to be terminated when network assistance in no longer needed. At the beginning of a session, the client provides the DANE with information about the media server delivering the content.
Consistent QoS/QoE mode
The ‘Consistent QoS/QoE’ mode is specified in clauses 13.4, 13.5 and 13.8 of TS 26.247 and allows for video-aware network resource management and providing consistent QoS/QoE for active DASH clients. Based on application layer feedback from the client, the DANE computes the maximum bitrate for each client and it communicates this bitrate to the respective clients using SAND messages.
Although not explicitly mentioned, the ‘Consistent QoS/QoE’ mode may follow the concept of a session where a DASH client indicates the desired bandwidth during the session and the DANE 
Proxy Caching mode
The ‘Proxy Caching’ mode is specified in clauses 13.4, 13.5 and 13.7 of TS 26.247 and can be used for partial representation caching. DASH clients can inform the DANE about anticipated requests, accepted alternative representations, etc. leading to next segment caching. The DANE informs the DASH client about caching status of DASH resources.
Multi-network Access mode
3GPP TS 26.247 Clause 13.10 defines the SAND mode for multi-network access. This mode comes from the distribution of DASH content over MBMS. The MBMS client acts as DASH server or DANE, and when acting as DANE, it can steer the DASH client to segments that are available in the local cache using SAND messages that indicate caching status.
3
5G Unicast Media Downlink Streaming Architecture
Figure 1 gives an overview of the Media Architecture for unicast download streaming. (Trusted) 5G media functions are supposed to communicate to Media AFs and Media ASs using the Control- (M5d/6d/7d) and Media (M4d) interfaces. Relevant Control interfaces with respect to this document are M5d for session handling and M6d for metrics collection and reporting. The Media interface M4d is to be used to request media resources.
Media AFs potentially have access to the PCF and NEF for Quality of Service. This interface is especially relevant for Media AFs with a network assistance function. As indicated with red circles in Figure 1, Media AFs and ASs expose APIs towards the 5G Media Functions at the UE.
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Figure 1: Media Architecture for unicast media download streaming [3]
Figure 2 shows the functional decomposition of the 5G media player, including components for session handling, metrics collecting  and reporting, and media access.
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Figure 2: 5G media streaming function at the UE
4
SAND messaging in 5GMS
The DANE from PSS cannot directly be applied to the 5GMS architecture. However, as shown in Figure 3, the concept of the DANE can be decomposed in AFs for controlling the QoE (in the form of the Network Assistance AF (NA-AF) or Consistent QoS/QoE AF (CQQ-AF)), a Metrics Collection Server, and the Proxy Caching AS (PC-AS). The DASH client is composed of the Media Access Client for fetching the MPD and DASH segments, a Metrics Collecting and Reporting Function for sending adaptive streaming related metrics to the network, and a Media Session Handler that is involved in the control of the QoE of a streaming session. In the scheme below, the AFs for controlling the QoE are separated. Alternatively, the NA-AF and CQQ-AF may be combined into a QoE-AF offering modes for network assistance and consistent QoS/QoE.
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Figure 3: DASH client and DANE composed of 5GMS elements

Depending on the desired functionality of the network, DANE functionality can be realized using one or more of the above mentioned functions and/or servers: 
· When offering the NA-AF, the network will provide functionality similar to the ‘Network Assistance’ mode of the PSS DANE (i.e., provide media rate recommendations and a delivery boost to ensure continuous playback). The Media Session Handler in the DASH client maintains a Network Assistance Session with the NA-AF for as long as the client wishes to receive network assistance. Because communication with the NA-AF is out-of-band with respect to the media delivery, the client may use HTTP and/or a WebSocket for communicating with the NA-AF. The client and the NA-AF use the SAND messages as specified in Clause 13.4 of 3GPP TS 26.247 [2].

The NA-AF is supposed control QoS via the PCF, such that it is consistent with the communication towards the client.

· When offering the CQQ-AF, the network will provide functionality similar to the ‘Consistent QoS/QoE’ mode of the PSS DANE (i.e., dividing network resources among DASH clients). Similar to the NA-AF, for the CQQ-AF the Media Session Handler maintains a session to control the QoE of a streaming session using out-of-band communication. The client may use HTTP and/or a WebSocket for communicating with the CQQ-AF. The client and the CQQ-AF use the SAND messages as specified in Clause 13.4 of 3GPP TS 26.247 [2].

The CQQ-AF is supposed to control QoS via the PCF, such that is consistent with the communication towards the client.

· When offering the Metrics Collection Server, SAND metrics messages are used for metrics reporting. The NA-AF and CQQ-AF may have access to the Metrics Collection Server for enable metrics supported operation.
When using the NA-AF, the Metrics Collection Server should at least accept the BufferLevel message. When using the CQQ-AF, the Metrics Collection Server should at least accept the BufferLevel and PlayList messages.
· When offering a PC-AS, the DASH client fetches the DASH resources from the PC-AS instead of directly at the Media Server, while providing similar functionality as the ‘Proxy Caching’ SAND mode (i.e.,  steering segment caching and increasing caching effectiveness and efficiency). The client and the PC-AS use the SAND messages as specified in Clause 13.4 of 3GPP TS 26.247 [2]. The messages from the client to the PC-AF are added as part of the HTTP request for DASH resources, in the form of additional HTTP header. Messages from the PC-AF to the client will be made available via HTTP GET.
5
Discussion and proposal
The SAND messages for ‘Network Assistance’, ‘Consistent QoS/QoE’, and ‘Proxy Caching’ provide the desired expressiveness for network operators and potentially video streaming providers with respect to the delivery of adaptive streaming. This includes the fact that the SAND messages allow awareness of the structure of a DASH presentation (i.e., the MPD and audio/video segments) for both QoE control and caching.
Although Figure 3 shows the interfaces between the (trusted) 5G media functions and the Media AFs and Media ASs, the use of SAND messaging over HTTP and/or WebSocket protocols, enables the opportunity to provide these functionalities to third party players (e.g., a DASH client fully implemented in JavaScript). This way there a different levels of integration possible: using the 5G Media Player to handle all interaction, using the interfaces exposed by the Media Functions to third party application, and possibly directly by third party players.

Given the importance of adaptive video streaming, and the functionality that SAND messages can offer on the control and media interfaces in 5GMS, we propose the following way forward:
· Offer functionality for controlling the QoE of adaptive streaming session with the introduction of the ‘Network Assistance AF’ and ‘Consistent QoE/QoS AF’, or as an alternative a single QoE-AF, as outlined in Section 4 of this document. Specifically, include a section in TS 26.512 on protocols for controlling the QoE, with clauses for defining the SAND communication between the DASH client and the NA-AF and CQQ-AF, or QoE-AF.
· Offer DASH specific metrics reporting using a Metrics Collection Server, as outlined in Section 4 of this document. Specifically, include a section in TS 26.512 with clauses defining the metrics messages.
· Offer partial representation caching of DASH resources using a ‘Proxy Caching AS’, as outlined in Section 4 of this document. Specially, include a section in TS 26.512 for defining the in-band communication between the DASH client and the ‘Proxy Caching AS’.
· Rely on SAND messages for the communication between the DASH client and respective functions/servers in the network:
· Take the SAND messages, protocols, client/server behavior, and descriptions from Clauses 13.4, 13.5, 13.6 of 3GPP TS 26.247 as a starting point for defining the communication between the DASH client and the NS-AF.

· Take the SAND messages, protocols, client/server behavior, and descriptions from Clauses 13.4, 13.5, 13.8 of 3GPP TS 26.247 as a starting point for defining the communication between the DASH client and the CQQ-AF.
· Take the SAND messages, protocols, client/server behavior, and descriptions from Clauses 13.4, 13.5, 13.7 of 3GPP TS 26.247 as a starting point for defining the communication between the DASH client and the PC-AS

· Take the relevant metrics messages from Clauses 13.6 and 13.8 of 3GPP TS 26.247 and/or from ISO/IEC 23009-5 [5] in order to support operation of the NS-AF and CQQ-AF, or QoE-AF.
· When needed, modify the protocols to be able to support new video-based use cases such as low-latency live streaming and virtual reality.

Note: The SAND mode for multi-network access has a use case related to MBMS and is unrelated to the requirements of efficient media delivery and QoS. Therefore, this mode is not considered in this document because the use of this mode requires further study before including it in 3GPP TS 26.512.
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