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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:

shall
indicates a mandatory requirement to do something

shall not
indicates an interdiction (prohibition) to do something

The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should
indicates a recommendation to do something

should not
indicates a recommendation not to do something

may
indicates permission to do something

need not
indicates permission not to do something

The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can
indicates that something is possible
cannot
indicates that something is impossible

The constructions "can" and "cannot" are not substitutes for "may" and "need not".

will
indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document

will not
indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document

might
indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document

might not
indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document

In addition:

is
(or any other verb in the indicative mood) indicates a statement of fact

is not
(or any other negative verb in the indicative mood) indicates a statement of fact

The constructions "is" and "is not" do not indicate requirements.
1
Scope

This Technical Report identifies and evaluates potential enhancements to the 5G Media Streaming (5GMS) [1] in order to provide multicast-broadcast media streaming services. It has the following objectives:

· Define scenarios where multicast ingestion or multicast distribution might be used, including potential IGMP termination options [2-4]. Examples for such collaboration scenarios are transparent multicast delivery, multicast linear IPTV delivery, hybrid unicast/multicast (e.g. MooD or service continuity), and multicast Adaptive Bit Rate (ABR) Over the Top (OTT) live streaming.
· Identify the relevant key issues and gaps in 5GMS to support the above scenarios based on the existing 5GS multicast architecture.

· Document architecture extensions and procedures to support the above-defined scenarios.

· Identify protocols to support the above extensions and procedures in 5GMS.
· Identify Procedures for managing downlink multicast streaming and session lifecycle.
· Select a subset of relevant scenarios that should be supported in extensions to 5G Media Streaming.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non-specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TS 26.501: "5G Media Streaming (5GMS); General description and architecture”".

[2]
IETF RFC 2236: "Internet Group Management Protocol, Version 2".

[3]
IETF RFC 4604: "Using Internet Group Management Protocol Version 3 (IGMPv3) and Multicast Listener Discovery Protocol Version 2 (MLDv2) for Source-Specific Multicast".

[4]
IETF RFC 3376: "Internet Group Management Protocol, Version 3".

[5]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
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3GPP TS 23.246: "MBMS Architecture and functional description".
[7]
3GPP TR 23.757: “Study on architecture enhancements for 5G multicast-broadcast services".
[8]
3GPP TS 23.316: "Wireless and wireline convergence access support for the 5G system".
[9]
3GPP TS 23.501: "System architecture for the 5G System (5GS)".

[10]
3GPP TS 23.502: "System architecture for the 5G System (5GS)".
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3GPP TS 23.503: "System architecture for the 5G System (5GS)".

[12]
DVB BlueBook A176 (Second edition): "Adaptive media streaming over IP multicast", Internet Available https://dvb.org/wp-content/uploads/2020/03/A176_Adaptive-Media-Streaming-over-IP-Multicast_Mar-2020.pdf
[13]
CableLabs: "IP Multicast Adaptive Bit Rate Architecture Technical Report", Internet Available https://specification-search.cablelabs.com/ip-multicast-adaptive-bit-rate-architecture-technical-report
[14]
ETSI TS 103 285: "Digital Video Broadcasting (DVB); MPEG-DASH Profile for Transport of ISO BMFF Based DVB Services over IP Based Networks".

[15]
3GPP TS 26.348: "Multimedia Broadcast/Multicast Service (MBMS); Content ingest at xMB".

[16]
3GPP TS 26.346: " Multimedia Broadcast/Multicast Service (MBMS); Protocols and Codecs", Release 16.

[17]
ATSC A/331: "ATSC Standard: Signaling, Delivery, Synchronization, and Error Protection".
3
Definitions of terms, symbols, and abbreviations
3.1
Terms
For the purposes of the present document, the terms given in TR 21.905 [5], TS 26.501 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 or TS 26.501.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [5] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905.

5GMS
5G Media Streaming [1].

ABR
Adaptive Bit Rate.
AL‑FEC
Application-Level Forward Erasure Correction.
IPTV
Internet Protocol Television.

MBS
Multicast/Broadcast Service.

4
5G Media Streaming General Service Architecture and Principles
4.1
Introduction

3GPP has originally developed MBMS and later eMBMS [6] to support multicast/broadcast streaming services. Most recently, multicast/broadcast is viewed as one of the basic capabilities of 5G. Architecture enhancement for 5G multicast-broadcast services is being studied in SA2 in the scope of TR 23.757 [7]. The objective is to support general multicast and broadcast communications services, e.g. transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications, V2X applications, and public safety.
Additionally, without assuming any multicast capability in NR, a multicast IPTV architecture has also been specified in TS 23.316 [8], as enhancements of the stage 2 system architecture, procedures and flows, policy and charging control for the 5G system (5GS) defined in TS 23.501 [9], TS 23.502 [10], and TS 23.503 [11] in order to support wireline access network and fixed wireless access. Specifically, in clause 7.7.1.1.3 of TS 23.316, a procedure is specified on how to transmit multicast packets related to IPTV service over 5GC.

The unicast downlink streaming architecture and associated procedures are specified in TS 26.501 [1]. Multicast/‌broadcast architecture has the potential to play an important role in 5G media streaming. However, the impact on TS 26.501 of the abovementioned multicast/broadcast-related 5G service requirements and existing architecture in TS 23.316 has not yet been studied.

In addition to 3GPP, DVB [12] and CableLabs’ work on multicast ABR [13] is gaining traction in industry. There is a desire to understand its potential implications on 5GMS as well.

4.2

Related 5G multicast and broadcast work in 3GPP

There are several ongoing 5G multicast and broadcast activities in various 3GPP workgroups. This clause provides a brief review of related 5G multicast and broadcast work in 3GPP.

4.3
Related multicast and broadcast streaming standardization efforts outside 3GPP

This clause provides a review of related multicast and broadcast streaming standardization efforts outside 3GPP.

Editor’s note: We focus on streaming-related work to understand their implications on 5GMS.
4.3.1
DVB‑MABR Phase 1

4.3.1.1
Motivation
The DVB-MABR Phase 1 technical specification [12] defines a logical reference architecture for providing linear and non-linear media services efficiently and at scale over a combination of multicast transport sessions, supplemented by optional Application-Level Forward Erasure Correction (AL‑FEC) and/or unicast repair of lost multicast packet payloads. The underlying design principles of the technical specification are:

1.
To maintain compatibility with existing segmented media packaging formats, in particular DVB’s profile of MPEG‑DASH and MPEG‑CMAF [14]. (Provision is also made in the specification to support proprietary segmented media packaging formats, in particular HLS.)

2.
To minimise changes to existing encoding, packaging and publication workflows that produce media in these formats.

3.
To maintain compatibility with existing terminal equipment, such as IP-connected television sets and set-top boxes, that consume media in these formats.

4.
To use multicast transmission as a transparent optimisation of existing unicast flows, while maintaining the use of those unicast flows in parallel for exceptional repair and fast channel change purposes. The load on unicast servers is thereby reduced to a significant degree, achieving the aforementioned scalability objective.

The DVB-MABR Phase 1 technical specification includes a logical reference architecture, summarised in figure 4.3.1.1‑1 below, that specifies the logical functions of the system as well as named reference points at the interfaces between them.
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Figure 4.3.1.1‑1: Simplified DVB-MABR functional architecture
4.3.1.2
DVB‑MABR data plane

At the heart of the data plane architecture, a Multicast server function (c.f. BM‑SC in the MBMS architecture [6]) produces a set of multicast transport sessions at reference point M which are consumed by a population of Multicast gateway functions (c.f. MBMS Client).

NOTE 1:
A multicast transport session is the equivalent of a FLUTE session in the MBMS architecture [16]. The equivalent of a time-bound MBMS session is called a multicast session in the DVB‑MABR architecture.

The Multicast server is responsible for ingesting media objects, such as DVB DASH segments, by means of:

a.
pull-based content ingest at reference point Oin from an external Content hosting function which, in the case of segmented media, is technically identical to conventional unicast acquisition at reference point A; or else

b.
push-based content ingest at reference point Pin′ directly from the Content preparation function.

NOTE 2:
These two reference points are comparable with interface xMB‑U in the MBMS architecture [15].

Having ingested a media object, the Multicast server serialises it into a sequence of multicast packets compliant with a well-defined multicast media transport protocol. Two alternative multicast media transport protocols are mandated by the DVB‑MABR Phase 1 specification:

Annex F:
An extended profile of the 3GPP FLUTE profile documented in Annex L of TS 26.346 [16].

Annex H:
An extended profile of the ROUTE protocol specified in ATSC A/331 [17].

Implementations are required to support at least one of the two protocols. There is scope to specify additional optional multicast media transport protocols in subsequent technical specification phases.

Both protocols support low-latency modes of operation in which multicast transmission of media objects provided in accordance with clause 4.2.9 of [14] can begin before the object has been completely ingested by the Multicast server.
Provision is also made for the Multicast server to optionally transmit AL‑FEC repair packets alongside the source packets as part of a multicast transport session, addressed to the same or a different multicast destination address.

NOTE 3:
The AL‑FEC mechanism is equivalent to the FEC Repair Stream in TS 26.346 [16].
The Multicast gateway subscribes to multicast transport sessions at reference point M using conventional IGMP (or MLD) interactions with the underlying network and then begins to receive a stream of multicast packets which it attempts to reassemble into the original media object. Any packet losses that cannot be made good with available AL‑FEC repair packets are repaired using efficient unicast HTTP byte-range requests to the Content hosting function at reference point A.

NOTE 4:
The unicast repair feature is comparable with the byte-range-based File Repair Procedure, one of the Associated Delivery Procedures specified in clause 9 of TS 26.346 [16].

Intact media objects are presented to a generic MPEG‑DASH media player (the Content playback function in figure 4.3.1.1‑1 above) at reference point L. This interface is functionally equivalent to conventional unicast acquisition at reference point A, although the DASH presentation manifest (or HLS media playlist) may be artificially delayed or otherwise modified by the Multicast gateway in order to give it extra time to perform these multicast repair functions.

4.3.1.3
DVB‑MABR control plane

DVB‑MABR Phase 1 specifies a common XML-based schema for describing multicast session configurations, and procedures for configuring both Multicast server instances (CMS) and Multicast gateway instances (CMR). The multicast gateway configuration is a subset of the multicast server configuration. The definitive current multicast session configuration resides in the Provisioning function, and both pull- and push-based RESTful HTTP interfaces are specified for transferring it from there to other functions in the system that require it.

NOTE 1:
Reference point CMS is equivalent to xMB-C [15], although the latter supports only a push-based configuration method.

In addition, a special multicast gateway configuration transport session is specified which enables configuration for a large population of Multicast gateway instances to be carouselled by the Multicast server at reference point M. This is designed as a more scalable alternative to sending the multicast gateway configuration over the unicast path at CMR.

NOTE 2:
This feature is especially useful in unidirectional broadcast networks that lack a return path.

NOTE 3:
This feature is equivalent to the MBMS Service Announcement Channel [16].

4.3.1.4
DVB‑MABR deployment architecture

In contrast to the MBMS architecture, where the MBMS Client is always embedded in the UE, the DVB‑MABR Phase 1 does not require that the Multicast gateway is embedded in a terminal device. As well as this fully embedded scenario, the DVB specification allows for a second possible deployment model where the Multicast gateway is embedded in a home gateway router device, and also a third model where this function is deployed at the access-facing edge of the core network, such as Multi-access Edge Compute node.

4.3.1.5
DVB‑MABR session bootstrapping

Like the MBMS Client, a Multicast gateway operates as an HTTP reverse proxy. The aim is to make the delivery system as transparent as possible to the Content playback function, so that the latter remains unaware of the multicast optimisation. To that end, the DVB‑MABR Phase 1 reference architecture specifies a Multicast rendezvous service that has knowledge of the Multicast gateway instances deployed in the network and their current status. It also has access to the current multicast session configuration from the Provisioning function.

All presentation manifest requests from the Content playback function are initially directed to the Multicast rendezvous service at reference point B. Depending on the state of the system and the requested manifest, it responds by either:

a.
redirecting the Content playback function to a local Multicast gateway at reference point L (if one is active, and if the requested presentation is part of the multicast session configuration), or else

b.
redirecting the Content playback function to the Content hosting origin for conventional unicast-only playback.

Even for unidirectional broadcast deployments with no available return path, the Multicast rendezvous service function is deployed co-locally with the Multicast gateway and the same session bootstrapping sequence followed.

Alternatively, provision is made in the specification for local discovery of these two functions using, for example, multicast DNS techniques. The exact mechanism employed is left to the discretion of individual implementations.
4.4
Common architectural requirements and principles

The following common architectural requirements and principles apply.
Architecture reference models defined in TS 26.501 [1] is used as the baseline architecture for supporting multicast and broadcast services in this study. In particular, Figure 4.1-1 shows the 5G media streaming general architecture.
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Figure 4.1-1: 5G Media Streaming General Architecture
5
Key Issues
This clause identifies relevant key issues and gaps in existing 5GMS to support collaboration scenarios where multicast ingestion or multicast distribution might be used.
5.1
Key Issue #1:
5.1.1
Description

This key issue will study …
5.1.2

Identified gaps

5.2
Key Issue #2:

5.2.1
Description
This key issue will study …
5.2.2

Identified gaps

5.3
Key Issue #3:

5.3.1
Description

5.3.2

Identified gaps
6
Potential Solutions

This clause provides potential solutions for the key issues and gaps identified in Clause 5.

6.1
Solution #X: Title

6.1.1
Functional description
6.1.2
Procedures

6.1.3

Mapping of solutions to key issues

This solution addresses the key issues 1, 2, and x. 
6.1.4
Impact Analysis

7
Potential Standardization Areas
7.1
General

This clause documents and clusters potential standardisation areas in 5G Media Streaming Release 17 in the context of this Technical Report.

7.2
Potential Standardisation Area #1
7.3
Potential Standardisation Area #2
8
Conclusions and Next Steps
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