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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical 
Commission) form the specialized system for worldwide standardization. National bodies that are 
members of ISO or IEC participate in the development of International Standards through technical 
committees established by the respective organization to deal with particular fields of technical 
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international 
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the 
work.

The procedures used to develop this document and those intended for its further maintenance 
are described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria 
needed for the different types of document should be noted. This document was drafted in 
accordance with the editorial rules of the ISO/IEC Directives, Part  2 (see www.iso.org/directives or 
www.iec.ch/members_experts/refdocs).

Attention is drawn to the possibility that some of the elements of this document may be the subject 
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent 
rights. Details of any patent rights identified during the development of the document will be in the 
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents) or the IEC 
list of patent declarations received (see https://patents.iec.ch).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to 
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see 
www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

This document was prepared by Joint Technical Committee ISO/IEC JTC  1, Information technology, 
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

This third edition cancels and replaces the second edition (ISO/IEC  23008-1:2017), which has been 
technically revised. It also incorporates the Amendment ISO/IEC 23008-1:2017/Amd 1:2017.

The main changes are as follows:

—	 addition of signalling message for layout configuration;

—	 addition of signalling messages related to delivery over mobile networks;

—	 addition of signalling messages to support multipath delivery;

—	 addition of procedcure for session setup and control;

—	 addition of procedcure for using WebSockets.

A list of all parts in the ISO/IEC 23008 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards 
body. A complete listing of these bodies can be found at www.iso.org/members.html and 
www.iec.ch/national-committees.
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Introduction

This document specifies the MPEG media transport (MMT) technologies for the transport and delivery 
of coded media data for multimedia services over heterogeneous packet-switched networks including 
internet protocol (IP) networks and digital broadcasting networks. In this document, “coded media 
data” includes both timed audiovisual media data and non-timed data.

MMT is designed under the assumption that the coded media data will be delivered over a packet-
switched delivery network. Several characteristics of such delivery environment, such as non-constant 
end-to-end delay of each packet from the sending entity to the receiving entity, have been taken into 
consideration.

For efficient and effective delivery and consumption of coded media data over packet-switched delivery 
networks, this document provides the following elements:

—	 the logical model to construct contents composed of components from various sources, for example, 
components of mash-up applications;

—	 the formats to convey information about the coded media data, to enable delivery layer processing, 
such as packetization;

—	 the packetization method and the structure of the packet to deliver media content over packet-
switched networks supporting media and coding independent hybrid delivery over multiple 
channels;

—	 the format of the signalling messages to manage delivery and consumption of media content.

viii 	 ﻿� © ISO/IEC 2023 – All rights reserved
�

Full document details: ISO IEC 23008-1-2023

http://www.avadocuments.com/doc/iso-iec-23008-1-2023
http://www.avadocuments.com/doc/iso-iec-23008-1-2023


INTERNATIONAL STANDARD ISO/IEC 23008-1:2023(E)

Information technology — High efficiency coding and 
media delivery in heterogeneous environments —

Part 1: 
MPEG media transport (MMT)

1	 Scope

This document specifies MPEG media transport (MMT) technologies, which include a single 
encapsulation format, delivery protocols and signalling messages for transport and delivery of 
multimedia data over heterogeneous packet-switched networks for multimedia services. Types of 
packet-switched networks supported by this document include bidirectional networks such as Internet 
Protocol (IP) networks and unidirectional networks such as digital broadcast networks (which may or 
may not use the IP).

The technologies specified by this document belong to one of three functional areas of MMT: media 
processing unit (MPU) format, signalling messages and delivery protocol.

The MPU format specifies the “mpuf” branded ISO-based media file format (ISOBMFF) encapsulating 
both timed and non-timed media contents. The MPU format is a self-contained ISOBMFF structure 
enabling independent consumption of media data, which hides codec-specific details from the delivery 
function.

The signalling functional area specifies the formats of signalling messages carrying information 
for managing media content delivery and consumption, e.g. specific media locations and delivery 
configuration of media contents.

The delivery functional area specifies the payload formats that are independent of media and codec 
types, which allow fragmentation and aggregation of contents encapsulated as specified by this 
document for delivery using packet-switched oriented transport protocols. The delivery functional 
area also provides an application layer transport protocol that allows for advanced delivery of media 
contents.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC  14496-12:2022, Information technology  — Coding of audio-visual objects  — Part  12: ISO base 
media file format

ISO/IEC  23000-19, Information technology — Multimedia application format (MPEG-A) — Part 19: 
Common media application format (CMAF) for segmented media

IETF RFC 3986, Uniform Resource Identifier (URI): Generic Syntax, January 2005

3	 Terms, definitions and abbreviated terms

3.1	 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

1© ISO/IEC 2023 – All rights reserved	 ﻿

Full document details: ISO IEC 23008-1-2023

http://www.avadocuments.com/doc/iso-iec-23008-1-2023
http://www.avadocuments.com/doc/iso-iec-23008-1-2023


ISO/IEC 23008-1:2023(E)

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electroped          ia: available at https://​www​.electropedia​.org/​

3.1.1
access unit
AU
smallest media data entity to which timing information can be attributed

3.1.2
asset
any multimedia data entity that is associated with a unique identifier and that is used for building a 
multimedia presentation

3.1.3
dependent asset
asset (3.1.2) for which one or more other assets are necessary for decoding of the contained media 
content

3.1.4
encoding symbol
unit of data generated by the encoding process

3.1.5
encoding symbol block
set of encoding symbols (3.1.4)

3.1.6
FEC code
algorithm for encoding data such that the encoded data flow is resilient to data loss

3.1.7
FEC encoded flow
logical set of flows that consists of an FEC source flow (3.1.11) and one or more associated FEC repair 
flows (3.1.9)

3.1.8
FEC payload ID
identifier that identifies the contents of an MMTP packet (3.1.20) with respect to the MMT FEC scheme 
(3.1.16)

3.1.9
FEC repair flow
data flow carrying repair symbols to protect an FEC source flow (3.1.11)

3.1.10
FEC repair packet
MMTP packet (3.1.20) along with repair FEC payload identifier (3.1.27) to deliver one or more repair 
symbols (3.1.29) of a repair symbol block (3.1.30)

3.1.11
FEC source flow
flow of MMTP packets (3.1.20) protected by an MMT FEC scheme (3.1.16)

3.1.12
FEC source packet
MMTP packet (3.1.20) protected by an FEC encoding
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3.1.13
media fragment unit
MFU
fragment of a media processing unit (3.1.14)

3.1.14
media processing unit
MPU
generic container for independently decodable timed (3.1.35) or non-timed data (3.1.25) that is media 
codec agnostic

3.1.15
MMT entity
software and/or hardware implementation that is compliant to a profile of MMT

3.1.16
MMT FEC scheme
forward error correction procedure that defines the additional protocol aspects required to use an FEC 
scheme in MMT

3.1.17
MMT protocol
MMTP
application layer transport protocol for delivering MMTP payload (3.1.22) over IP networks

3.1.18
MMT receiving entity
MMT entity (3.1.15) that receives and consumes media data

3.1.19
MMT sending entity
MMT entity (3.1.15) that sends media data to one or more MMT receiving entities (3.1.18)

3.1.20
MMTP packet
formatted unit of the media data to be delivered using the MMT protocol (3.1.17)

3.1.21
MMTP packet flow
sequence of MMTP packets (3.1.20) with same MMT sending entity (3.1.19) and MMT receiving entity 
(3.1.18)

3.1.22
MMTP payload
formatted unit of media data to carry Packages (3.1.26) and/or signalling messages using either the 
MMT protocol (3.1.17) or an Internet application layer transport protocols (e.g. RTP).

3.1.23
MMTP session
single MMTP transport flow (3.1.24) that is used for certain period of time

3.1.24
MMTP transport flow
series of MMTP packet flow (3.1.21) delivered to the same destination

3.1.25
non-timed data
media data that do not have inherent timeline for the decoding and/or presenting of its media content

© ISO/IEC 2023 – All rights reserved	 ﻿
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3.1.26
package
logical collection of media data, delivered using MMT

3.1.27
repair FEC payload ID
FEC payload ID (3.1.8) for repair packets

3.1.28
repair packet block
segmented set of FEC repair flow (3.1.9) which can be used to recover lost source packets

3.1.29
repair symbol
encoding symbol that contains redundancy information for error correction

3.1.30
repair symbol block
set of repair symbols (3.1.29) which can be used to recover lost source symbols (3.1.33)

3.1.31
source FEC payload ID
FEC payload ID (3.1.8) for source packets

3.1.32
source packet block
segmented set of FEC source flow (3.1.11) that is to be protected as a single block

3.1.33
source symbol
unit of data to be encoded by an FEC encoding process

3.1.34
source symbol block
set of source symbols (3.1.33) generated from a single source packet block (3.1.32)

3.1.35
timed data
data that has inherent timeline information for the decoding and/or presentation of its media contents

3.1.36
asset delivery characteristics
ADC
description about required quality of service (QoS) for delivery of assets (3.1.2)

Note 1 to entry: ADC is represented by the parameters agnostic to a specific delivery environment.

3.1.37
network abstraction for media
parameter that is used for an interface between media application layer and underlying network layer

3.2	 Abbreviated terms

ADC asset delivery characteristics

AL-FEC application layer forward error correction

ARQ automatic repeat request

AU access unit
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AVC advanced video coding

CLI cross layer interface

CRI clock relation information

DCI device capability information

EVC essential video coding

GFD generic file delivery

HRBM hypothetical receiver buffer model

HTTP hypertext transfer protocol

ISOBMFF ISO base media file format

LA-FEC layer aware forward error correction

LR license revocation

LS license signalling

MPI media presentation information

MC measurement configuration

MFU media fragment unit

MMT MPEG media transport

MMTP MMT protocol

MP MMT package

MPU media processing unit

MTU maximum transmission unit

MVC multi-view video coding

NAM network abstraction for media

NTP network time protocol

PA package access

PID packet identifier

PTP precision time protocol

RAP random access point

RTP real-time protocol

SDP session description protocol

SI security information

SSWR security software request
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SVC scalable video coding

TCP transmission control protocol

TS transport stream

UDP user datagram protocol

URI uniform resource identifier

URL uniform resource locator

URN uniform resource name

UUID universally unique identifier

UTC coordinated universal time

XML extensible mark-up language

4	 Conventions

The following convention applies in this document.

—	 The Big Endian number representation scheme is used.

5	 Overview

This document defines a set of tools to enable advanced media transport and delivery services. The 
tools spread over three different functional areas: media processing unit (MPU) format, delivery and 
signalling. Even though the tools are designed to be efficiently used together, they may also be used 
independently regardless of the use of tools from the other functional areas.

The media processing unit (MPU) functional area defines the logical structure of media content, the 
Package and the format of the data units to be processed by an MMT entity and their instantiation with 
the ISO base media file format as specified in ISO/IEC 14496-12. The Package specifies the components 
comprising the media content and the relationship among them to provide necessary information for 
advanced delivery. The format of data units in this document is defined to encapsulate the encoded 
media data for either storage or delivery and to allow for easy conversion between data to be stored 
and data to be delivered (see Clause 7).

The delivery functional area defines an application layer transport protocol and a payload format. The 
application layer transport protocol defined in this document provides enhanced features for delivery 
of multimedia data when compared with conventional application layer transport protocols, e.g. 
multiplexing and support of mixed use of streaming and download delivery in a single packet flow (see 
9.2). The payload format is defined to enable the carriage of encoded media data which is agnostic to 
media types and encoding methods (see 9.3).

The signalling functional area defines formats of signalling messages to manage delivery and 
consumption of media data. Signalling messages for consumption management are used to signal the 
structure of the Package (see 10.3) and signalling messages for delivery management are used to signal 
the structure of the payload format and protocol configuration (see 10.4).

A multimedia service may use any subset of the tools defined in this document according to its specific 
needs. Furthermore, interfaces between protocols and standards defined by this specification and 
those defined in other specifications can also be defined and used. Figure  1 illustrates the different 
functions and their relationships to existing protocols and standards.
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Key

defined by ISO/IEC 23008-1

referenced by ISO/IEC 23008-1

out of scope of ISO/IEC 23008-1 (examples)

Figure 1 — MMT functional areas, tools and interfaces

Figure 2 depicts the end-to-end architecture for this document. The MMT sending entity is responsible 
for sending the Packages to the MMT receiving entity as MMTP packet flows. The sending entity may 
be required to gather contents from content providers based on the presentation information of the 
Package that is provided by a Package provider.

A Package provider and content providers may be co-located. Media content is provided as an Asset 
that is segmented into a series of encapsulated MMT Processing Units that forms a MMTP packet flow.

The MMTP packet flow of such content is generated by using the associated transport characteristics 
information. Signalling messages may be used to manage the delivery and the consumption of Packages.

This document defines the interfaces between the MMT sending entity and the MMT receiving entity, 
as well as their operations. The MMT sending entity shall conform to the sender operations as defined 
in Clause 9.
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Figure 2 — End-to-end architecture of MMT

An MMT receiving entity operates at one or more MMT functional areas. An exemplary MMT receiving 
entity architecture is shown in Figure 3.

The MMT protocol (MMTP) is used to receive and de-multiplex the streamed media based on the 
packet_id and the payload type. The de-capsulation procedure depends on the type of payload that is 
carried and is processed separately and thus, is not shown here.

The presentation engine layer is responsible for setting up the multimedia scene and referencing the 
content that is received using the MMT protocol.

Figure 3 — Example of MMT receiving entity
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6	 MMT data model

6.1	 General

This clause introduces the logical data model assumed for the operation of the MMT protocol. The MMT 
protocol provides both streaming delivery and download delivery of coded media data. For streaming 
delivery, MMT protocol assumes the specific data model including MPUs, Assets and Package. The MMT 
protocol preserves the data model during the delivery by indicating the structural relationships among 
MPU, Asset and Package using signalling messages.

The collection of the encoded media data and its related metadata builds a Package. The Package may be 
delivered from one or more MMT sending entities to the MMT receiving entities. Each piece of encoded 
media data of a Package, such as a piece of audio or video content, constitutes an Asset.

An Asset is associated with an identifier which may be agnostic to its actual physical location or service 
provider that is offering it, so that an Asset can be globally uniquely identified. Assets with different 
identifiers shall not be interchangeable. For example, two different Assets may carry two different 
encodings of the same content but they are not interchangeable.

MMT does not specify a particular identification mechanism but allows the usage of URIs or UUIDs for 
this purpose. Each Asset has its own timeline which may be of different duration than that of the whole 
presentation created by the Package.

Each MPU constitutes a non-overlapping piece of an Asset, i.e. two consecutive MPUs of the same 
Asset shall not contain the same media samples. Each MPU may be consumed independently by the 
presentation engine of the MMT receiving entity.

6.2	 Package

As shown in Figure 4, a Package is a logical entity. A Package shall contain one or more presentation 
information documents such as one specified in ISO/IEC  23008-11, one or more Assets and for each 
Asset, an associated asset delivery characteristics (ADC). In other words, as processing of a Package is 
applied per MPU basis and an Asset is a collection of one or more MPUs that share the same Asset ID. 
It can be also considered that one Package is composed of one presentation information, one or more 
MPUs and associated ADC for each Asset.

An Asset is a collection of one or more media processing units (MPUs) that share the same Asset ID. 
An Asset contains encoded media data such as audio or video or a web page. Media data can be either 
timed or non-timed.
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Figure 4 — Overview of Package

Presentation information (PI) documents specify the spatial and temporal relationship among the 
Assets for consumption. The combination of HTML5 and composition information (CI) documents 
specified in ISO/IEC 23008-11 is an example of PI documents. In addition, media presentation description 
(MPD) specified in ISO/IEC 23009-1 can also be used as PI document. A PI document may also be used 
to determine the delivery order of Assets in a Package. A PI document shall be delivered either as one 
or more signalling messages defined in this document (see 10.3.3) or as a complete document by some 
means that is not specified in this document. In the case of broadcast delivery, service providers may 
decide to carousel PI documents and determine the frequency at which carouseling is to be performed.

Asset delivery characteristics (ADC) shall provide the required QoS information for transmission 
of Assets. Multiple Assets can be associated with a single ADC. However, a single Asset shall not be 
associated with multiple ADCs. This information can be used by the entity packetizing the Package to 
configure the fields of the MMTP payload header and MMTP packet header for efficient delivery of the 
Assets.

ADC may provide information about an Asset that is relevant for the transport of that Asset.

NOTE	 Annex D contains a QoS management model for MMT.

6.3	 Asset

An Asset is any multimedia data to be used for building a multimedia presentation. An Asset is a logical 
grouping of MPUs that share the same Asset ID for carrying encoded media data. Encoded media data 
of an Asset can be either timed data or non-timed data. Timed data are encoded media data that have 
an inherent timeline and may require synchronized decoding and presentation of the data units at a 
designated time. Non-timed data are any other type of data that do not have an inherent timeline for 
decoding and presenting of its media content. The decoding time and the presentation time of each item 
of non-timed data are not necessarily related to that of other items of the same non-timed data. For 
example, it can be determined by user interaction or presentation information.

Two MPUs of the same Asset carrying timed media data shall have no overlap in their presentation time.

Any type of data which is referenced by the presentation information is an Asset. Examples of media 
data types which can be considered as an individual Asset are audio, video, or a web page.
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6.4	 Media processing unit (MPU)

A media processing unit (MPU) is a media data item that may be processed by an MMT entity and 
consumed by the presentation engine independently from other MPUs.

Processing of an MPU by an MMT entity includes encapsulation/de-capsulation and packetization/de-
packetization. An MPU may include the MMT hint track indicating the boundaries of MFUs for media-
aware packetization.

Consumption of an MPU includes media processing (e.g. encoding/decoding) and presentation.

For packetization purposes, an MPU may be fragmented into data units that may be smaller than an 
Access Unit (AU). The syntax and semantics of MPU are not dependent on the type of media data carried 
in the MPU.

MPUs of a single Asset shall have either timed or non-timed media.

An MPU may contain a portion of data formatted according to other standards, e.g. MPEG-4 AVC or 
MPEG-2 TS.

For any Asset with asset_id X that depends on Asset with asset_id Y, the m-th MPU of the Asset with 
asset_id X and the n-th MPU of the Asset with asset_id Y shall be non-overlapping whenever m is not 
equal to n, i.e. no sample in the m-th MPU of Asset with asset_id X is inside the time interval defined 
by the sample boundaries of the n-th MPU of Asset with asset_id Y. Additionally, if the “sidx” box is 
present, the media intervals defined by the “sidx” box shall be non-overlapping, i.e. no media sample in 
the k-th media interval (defined by the “sidx” box) in an MPU is inside the time interval defined by the 
sample boundaries of the j-th media time interval (defined by the “sidx” box) for j different from k. In 
the absence of an “sidx” box, the concatenation of the j-th MPU of Asset with asset_id Y with the j-th 
MPU of the Asset with asset_id X without its MPU metadata results in a valid MPU. When an “sidx” box 
is present, the concatenation of the k-th media interval (defined by the “sidx” box) of the j-th MPU of 
Asset with asset_id Y with the k-th media interval (defined by the “sidx” box) of the j-th MPU of the 
Asset with asset_id X following the metadata of the MPU with asset_id Y results in a valid MPU.

A single MPU shall contain an integral number of AUs or non-timed data. In other words, for timed data, 
a single AU shall not be fragmented into multiple MPUs. For non-timed data, a single MPU contains one 
or more non-timed data items to be consumed by presentation engine.

An MPU shall be identified by an associated Asset identification (asset_id) and a sequence number.

Figure 5 — Example of mapping MPUs to the presentation timeline
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An MPU that contains timed media shall have at least one Stream Access Point (SAP) as defined in 
ISO/IEC 14496-12:2022, Annex I. The first access unit of an MPU shall be an SAP (of SAP type 1, 2, or 
3) for processing by an MMT entity. For timed media, this implies that the first AU in the MPU payload 
is always the first in decoding order. For the MPU containing the data formatted according to other 
standards, the MPU payload starts with the information necessary for the processing of such a format. 
For example, if an MPU contains video data, the MPU payload contains one or more groups of pictures 
and the decoder configuration information is required to process them. For timed media data, the 
presentation duration and the decoding order and the presentation order of each AU are signalled as 
part of the fragment metadata. The MPU does not have its initial presentation time. The presentation 
time of the first AU in an MPU is described by the PI document. The PI document specifies the initial 
presentation time of each MPU. Figure 5 depicts an example of the timing of the presentation of MPUs 
from different Assets that are provided by the PI document. In this example, the PI document specifies 
that the MMT receiving entity shall present MPU #1 of Asset #1 and of Asset #2 simultaneously. At a 
later point, MPU #1 from Asset #3 is scheduled to be presented. Finally, MPU #2 of Asset #1 and Asset 
#2 are to be presented in synchronization. The specified presentation time for an MPU defines the 
presentation time of the first AU in the presentation order of that MPU. If any “elst” box is available, 
the indicated offset shall be applied to the composition time of the first sample in the presentation 
order of the MPU in addition to the presentation time provided by any presentation information. The 
presentation time of every MPU shall be provided as part of the presentation information.

An MPU that contains non-timed media data may designate one data item as the primary data item as 
defined in ISO/IEC 14496-12:2022, 8.11.4.

6.5	 Asset delivery characteristics

6.5.1	 General

The asset delivery characteristic (ADC) describes the QoS requirements and statistics of Assets for 
delivery. Each Asset in a Package shall be associated with an ADC. The ADC for each Asset is used by 
an MMT sending entity to derive the appropriate QoS parameters and the transmission parameters 
to which a resource reservation and a delivery policy may apply. The ADC is represented in a 
protocol agnostic format to be generally used by QoS control service entity defined by other standard 
development organizations, such as IETF, 3GPP, IEEE, etc. It consists of a QoS_descriptor element and 
a bitstream_descriptor element. ADC is an XML file that conforms to the schema in 6.5.3. The MIME 
type of ADC is defined in B.2.

6.5.2	 ADC descriptors

6.5.2.1	 QoS descriptor

The QoS_descriptor element defines required QoS levels on delay and loss for Asset delivery. It 
consists of loss_tolerance attribute, jitter_sensitivity attribute, class_of_service attribute and 
bidirection_indicator attribute.

6.5.2.2	 Bitstream descriptor

The bitstream_descriptor element provides the statistics of an Asset. It provides the parameters to 
implement token bucket traffic shaping such as sustainable rate and buffer size. In addition, peak rate 
and maximum MFU size represent burstiness of an Asset as shown in Figure  6, where burstiness is 
defined as a ratio between a peak_rate and sustainable_rate.
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Figure 6 — bitstream_descriptor depicted for a variable bit-rate of Asset

6.5.3	 Syntax

<complexType name="AssetDeliveryCharacteristic"> 
    <sequence> 
        <element name="QoS_descriptor" type="mmt:QoS_descriptorType" /> 
        <element name="Bitstream_descriptor" type="mmt:Bitstream_descriptorType"/> 
    </sequence> 
</complexType> 
  
<complexType name="QoS_descriptorType"> 
    <attribute name=" loss_tolerance " type="integer"/> 
    <attribute name="jitter_sensitivity" type="integer"/> 
    <attribute name="class_of_service" type="boolean"/> 
    <attribute name="bidrection_indicator" type="boolean"/> 
</complexType> 
  
<complexType name="Bitstream_descriptorType"> 
    <choice> 
        <complexType name="Bitstream_descriptorVBRType"> 
            <attribute name="sustainable_rate" type="float"/> 
            <attribute name="buffer_size" type="float"/> 
            <attribute name="peak_rate" type="float"/> 
            <attribute name="max_MFU_size" type="integer"/> 
            <attribute name="mfu_period" type="integer"/> 
        </complexType> 
  
        <complexType name="Bitstream_descriptorCBRType"> 
            <attribute name="peak_rate" type="float"/> 
            <attribute name="max_MFU_size" type="integer"/> 
            <attribute name="mfu_period" type="integer"/> 
        </complexType> 
    </choice> 
</complexType> 
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6.5.4	 Semantics

loss_tolerance – indicates the required loss tolerance of the Asset for the delivery. The value of the 
loss_tolerance attribute is listed in Table 1.

Table 1 — Value of loss_tolerance attribute

Value Description
0 This Asset requires lossless delivery.
1 This Asset allows lossy delivery.

jitter_sensitivity − indicates the required jitter level of the underlying delivery network for the 
Asset delivery between end-to-end. The value of the jitter_sensitivity attribute is listed in Table 2.

Table 2 — Value of jitter_sensitivity attribute

Value Description
0 This Asset requires the preserve time variation between MMTP packets.
1 This Asset does not require the preserve time variation between MMTP packets.

class_of_service – classifies the services in different classes and manages each type of bitstream in a 
particular way. For example, media aware network element (MANE) can manage each type of bitstream 
in a particular way. This field indicates the type of bitstream attribute as listed in Table 3.

Table 3 — Value of class_of_service attribute

Value Description

0
The constant bit rate (CBR) service class shall guarantee peak bit rate at any time 
to be dedicated for transmission of the Asset. This class is appropriate for real-time 
services which require fixed bit rate such as VoIP without silence suppression.

1
The variable bit rate (VBR) service class shall guarantee sustainable bit rate and 
allow peak bit rate for the Asset with delay constraints over shared channel. This 
class is appropriate for most real-time services such as video telephony, video con-
ferencing, streaming service, etc.

Bidirection_indicator – If set to “1”, bidirectional delivery is required. If set to “0”, bidirectional 
delivery is not required.

Bitstream_descriptorVBRType − when class_of_service is “1”,	  
“Bitstream_descriptorVBRType” shall be used for “Bitstream_descriptorType”.

Bitstream_descriptorCBRType − when class_of_service is “0”	  
“Bitstream_descriptorCBRType” shall be used for “Bitstream_descriptorType”.

sustainable_rate − defines the minimum bit rate that shall be guaranteed for continuous delivery of 
the Asset. The sustainable_rate corresponds to drain rate in token bucket model. The sustainable_
rate is expressed in bits per second.

buffer_size − defines the maximum buffer size for delivery of the Asset. The buffer absorbs excess 
instantaneous bit rate higher than the sustainable_rate and the buffer_size shall be large enough to 
avoid overflow. The buffer_size corresponds to bucket depth in the token bucket model. The buffer_
size of a constant bit rate (CBR) Asset shall be zero. The buffer_size is expressed in bytes.

peak_rate − defines the peak bit rate during continuous delivery of the Asset. The peak_rate is the 
highest bit rate during every MFU_period. The peak_rate is expressed in bits per second.

MFU_period − defines the period of MFUs during continuous delivery of the Asset. The MFU_period is 
measured as the time interval of sending time between the first byte of two consecutive MFUs. The 
MFU_period is expressed in millisecond.
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max_MFU_size − indicates the maximum size of MFU, which is MFU_period*peak_rate. The 
max_MFU_size is expressed in bytes.

6.6	 Bundle delivery characteristics

6.6.1	 General

The bundle delivery characteristics (BDC) describe the QoS requirements and statistics of the Bundle 
for delivery. Each Bundle in a Package shall be associated with a BDC. The BDC for each Bundle is 
used by an MMT sending entity to derive the appropriate QoS parameters and the transmission 
parameters to which a resource reservation and a delivery policy may apply. The BDC is represented in 
a protocol agnostic format to be generally used by QoS control service entity defined by other standard 
development organizations, such as IETF, 3GPP, IEEE, etc. It consists of a QoS_descriptor element and a 
bitstream_descriptor element as defined in ADC.

6.6.2	 BDC descriptors

6.6.2.1	 Qos descriptor

The QoS_descriptor element defines required QoS levels on delay and loss for Bundle delivery. It 
consists of the loss_tolerance attribute, jitter_sensitivity attribute, class_of_service attribute 
and bidirection_indicator attribute.

6.6.2.2	 Bitstream descriptor

The bitstream_descriptor element provides the statistics of the Bundle. It provides the parameters to 
implement token bucket traffic shaping such as sustainable rate and buffer size. In addition, peak rate 
and maximum MFU size represent the burstiness of the Bundle where burstiness is defined as a ratio 
between a peak_rate and sustainable_rate.

6.6.3	 Syntax

<?xml version="1.0" encoding="UTF-8"?> 
  
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema"targetNamespace="mmt"> 
    <xs:element name="BundleDeliveryCharacteristic" 
type="mmt:BundleDeliveryCharacteristicType"> 
         <xs:attribute name="MMT_package_id" type="xs:string"/> 
    </xs:element> 
  
    <xs:complexType name="mmt:BundleDeliveryCharacteristicType"> 
         <xs:sequence> 
             <xs:element name="Bundle" type="mmt:BundleType" 
minOccurs="1" maxOccurs="unbounded"/> 
         </xs:sequence> 
    </xs:complexType> 
  
    <xs:complexType name="mmt:BundleType"> 
         <xs:sequence> 
                <xs:element name="Element_Asset_id" type="asset_id_T" minOccurs="1"> 
                     <xs:attribute name="Intra_Bundle_Priority" type="xs:integer"/> 
                </xs:element> 
         </xs:sequence> 
         <xs:element name="Bundle_QoS_descriptor" type="mmt:QoS_descriptorType"/> 
         <xs:element name="Bundle_Bitstream_descriptor" type="mmt:Bitstream_
descriptorType"/> 
         <xs:attribute name="Bundle_id" type="xs:integer"/> 
         <xs:attribute name="Inter_Bundle_Priority" type="xs:integer"/> 
    </xs:complexType> 
    <xs:complexType name="mmt:QoS_descriptorType"> 
         <xs:attribute name="loss_tolerance" type="xs:integer"/> 
         <xs:attribute name="jitter_sensitivity" type="xs:integer"/> 
         <xs:attribute name="class_of_service" type="xs:boolean"/> 
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         <xs:attribute name="distortion_levels" type="xs:integer"/> 
         <xs:attribute name="bidrection_indicator" type="xs:boolean"/> 
    </xs:complexType> 
  
    <xs:complexType name="Bitstream_descriptorType"> 
         <xs:choice> 
               <xs:complexType name="Bitstream_descriptorVBRType"> 
                        <xs:attribute name="sustainable_rate" type="xs:float"/> 
                        <xs:attribute name="buffer_size" type="xs:float"/> 
                        <xs:attribute name="peak_rate" type="xs:float"/> 
                        <xs:attribute name="max_MFU_size" type="xs:integer"/> 
                        <xs:attribute name="mfu_period" type="xs:integer"/> 
               </xs:complexType> 
               <xs:complexType name="Bitstream_descriptorCBRType"> 
                        <xs:attribute name="peak_rate" type="xs:float"/> 
                        <xs:attribute name="max_MFU_size" type="xs:integer"/> 
                        <xs:attribute name="mfu_period" type="xs:integer"/> 
               </xs:complexType> 
         </xs:choice> 
    </xs:complexType> 
</xs:schema> 
</xml> 
 

6.6.4	 Semantics

loss_tolerance – indicates the required loss tolerance of the Bundle for the delivery. The value of the 
loss_tolerance attribute is listed in Table 4.

Table 4 — Value of loss_tolerance attribute

Value Description
0 This Bundle requires lossless delivery.
1 This Bundle allows lossy delivery.

jitter_sensitivity − indicates the required jitter level of the underlying delivery network for the 
Bundle delivery between end-to-end. The value of the jitter_sensitivity attribute is listed in Table 5.

Table 5 — Value of jitter_sensitivity attribute

Value Description
0 This Bundle requires the preserve time variation between MMT protocol packets.

1 This Bundle does not require the preserve time variation between MMT protocol 
packets.

class_of_service – classifies the services in different classes and manages each type of bitstream in a 
particular way. For example, MANE can manage each type of bitstream in a particular way. This field 
indicates the type of bitstream attribute as listed in Table 6.

Table 6 — Value of class_of_service attribute

Value Description

0
The constant bit rate (CBR) service class shall guarantee peak bit rate at any time 
to be dedicated for transmission of the Bundle. This class is appropriate for re-
al-time services which require fixed bit rate such as VoIP without silence suppres-
sion.

1
The variable bit rate (VBR) service class shall guarantee sustainable bit rate and 
allow peak bit rate for the Bundle with delay constraints over a shared channel. 
This class is appropriate for most real-time services such as video telephony, video 
conferencing, streaming service, etc.

Bidirection_indicator – If set to “1”, bidirectional delivery is required. If set to “0”, bidirectional 
delivery is not required.
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Bitstream_descriptorVBRType − when class_of_service is “1”,	  
“Bitstream_descriptorVBRType” shall be used for “Bitstream_descriptorType”.

Bitstream_descriptorCBRType − when class_of_service is “0”,	  
“Bitstream_descriptorCBRType” shall be used for “Bitstream_descriptorType”.

sustainable_rate − defines the minimum bit rate that shall be guaranteed for continuous delivery 
of the Asset. The sustainable_rate corresponds to the drain rate in the token bucket model. The 
sustainable_rate is expressed in bytes per second.

buffer_size − defines the maximum buffer size for delivery of the Bundle. The buffer absorbs excess 
instantaneous bit rate higher than the sustainable_rate and the buffer_size shall be large enough to 
avoid overflow. The buffer_size corresponds to bucket depth in the token bucket model. The buffer_
size of a constant bit rate (CBR) Bundle shall be zero. The buffer_size is expressed in bytes.

peak_rate − defines the peak bit rate during continuous delivery of the Bundle. The peak_rate is the 
highest bit rate during every MFU_period. The peak_rate is expressed in bytes per second.

MFU_period − defines the period of MFUs during continuous delivery of the Bundle. The MFU_period is 
measured as the time interval of sending time between the first byte of two consecutive MFUs. The 
MFU_period is expressed in millisecond.

max_MFU_size − indicates the maximum size of MFU, which is MFU_period*peak_rate. The max_MFU_size 
is expressed in byte.

MMT_package_id − this field is a unique identifier of the Package. This BDC describes delivery 
characteristics of all the possible Bundles within the scope of this package.

Element_Asset_id − is an identifier of asset which is an element of current bundle.

Bundle_id − is an identifier of the bundle which distinguishes bundles within the package.

Intra_Bundle_Priority − defines the relative priority level among assets within a bundle, which ranges 
from “0” (highest) to “12” (lowest).

Inter_Bundle_Priority − defines the relative priority level among bundles, which ranges from “0” 
(highest) to “12” (lowest).

7	 ISOBMFF-based MPU

7.1	 General

An MPU shall be a conformant ISOBMFF file that is generated according to the rules in 7.2. The 
sequence number and Asset ID of the MPU are provided in the “mmpu” box to uniquely identify the MPU 
encapsulated in the file. Additionally, in case of timed media, a “sidx” box may be present to index movie 
fragments comprising the MPU. The “moov” box shall contain all codec configuration information for 
decoding and presentation of media data.

Timed media data are stored as track of the ISOBMFF (a single media track is allowed). Non-timed media 
are stored as part of metadata in an ISOBMFF. Figure 7 depicts two examples of MMT encapsulation, 
one for timed and the other for non-timed media. For packetized delivery of MPU, an MMT hint track 
provides the information to convert encapsulated MPU to MMTP payloads and MMTP packets.
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a) MPU with timed media b) MPU with non-timed media

Figure 7 — Examples of MPU encapsulation

7.2	 MPU brand definition

The brand “mpuf” (MPU file) defined in this document identifies files that conform to the encapsulation 
rules for MPU. The “mpuf” brand requires the support of the “isom” brand. Support to the other brand, 
such as the “dash” brand as defined in ISO/IEC 23009-1:2022, 6.3.5.2, may be indicated.

An MPU file is composed of a set of metadata boxes that enables the MPU to be self-contained. An MPU 
file shall contain an “ftyp” and “moov” boxes, should contain an “mmpu” box, and may optionally contain 
an “sidx” box, all of which are part of the MPU metadata. Other boxes are allowed but will be ignored if 
the parser does not recognize them.

The “moov” box shall contain at most one media track and may contain MMT hint tracks for MFUs. The 
tracks in the “moov” box shall contain no samples to ensure small overhead (i.e. the entry_count in the 
“stts”, “stsc” and “stco” boxes shall be set to “0”). The “mvex” box shall be contained in the “moov” box 
for the file storing an MPU with timed media data to indicate that the movie fragment structure is used. 
The “mvex” box also sets default values for the tracks and samples of the following movie fragments.

Additionally, an “mmpu” box should occur at the file level and the following rules including orders of 
boxes shall be applied.

a)	 If present, the “mmpu” box should be placed right after “ftyp” box.

b)	 For timed media data, zero or more “sidx” boxes may be present in the file and if present, they shall 
index the movie fragments that build the current MPU.

In addition to the box orders, the following restrictions shall be applied to the “mpuf” brand.

a)	 The maximum number of independent (e.g. empty “tref” box) media tracks in this file shall be one. 
Additionally, tracks with non-empty “tref” box (e.g. hint track or SVC/SHVC enhancement layer 
tracks) may be available.
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b)	 For timed media data, the file shall have at least one movie fragment.

c)	 For non-timed media data, one “meta” box shall be present at the file level and shall contain the non-
timed media items of the MPU.

d)	 If present, an Edit List Box (“elst”) shall only provide an initial offset.

e)	 Runs of sample data shall be placed in “mdat” box, in decoding order and without any other data in 
between runs.

f)	 Any sample auxiliary data, as described by “saio” and “saiz”, shall be placed at the beginning of the 
“mdat” boxes, before any sample data.

g)	 Any hint data shall be placed after sample data in the “mdat” (or in another mdat placed after sample 
data) so as not to change sample offsets between before and after transmission.

A “tfdt” box should be present inside the “traf” box of each movie fragment to provide the decode time 
of the first sample of the movie fragment in decoding order.

If any “elst” box is available, the indicated offset shall be applied to the composition time of the 
first sample in presentation order of the MPU in addition to the presentation time provided by any 
presentation information.

Timed media data are stored as a track of the ISOBMFF and indexed by the “moov” and “moof” boxes in 
a fully backward-compatible manner. An MMT hint track guides the MMT sending entity in converting 
the file encapsulating MPU into a packetized media stream to be delivered using a transport protocol 
such as the MMT protocol.

Non-timed media data are stored as metadata items that are described by a “meta” box. The “meta” box 
shall appear at the file level. Each file of the non-timed media data shall be stored as a separate floating 
item of the MPU, i.e. it shall not be contained by any box and shall appear after any boxes of the MPU. 
The entry point to the non-timed media shall be marked as the primary item of the “meta” box (see 
ISO/IEC 14496-12:2022, 8.11.4).

7.3	 MPU box

7.3.1	 Definition

Box type: “mmpu”

Container: File

Mandatory: Yes

Quantity: One or more

The media processing unit (“mmpu”) box contains the Asset identifier of the Asset to which the current 
MPU belongs, as well as other information of the current MPU. The Asset identifier is used to uniquely 
identify the Asset globally. The MPU information includes the sequence number of the MPU in the 
corresponding Asset.

When it is required to store the ADC together with MPU, it shall be stored in the “meta” box at the file 
level and its presence shall be indicated through the “is_adc_present” flag and the MIME type of the 
item that stores the ADC.

7.3.2	 Syntax

aligned(8) class MPUBox 
   extends FullBox(‘mmpu’, version, 0){ 
  
  
   unsigned int(1) is_complete; 
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   unsigned int(1) is_adc_present; 
   unsigned int(6) reserved; 
  
   unsigned int(32) mpu_sequence_number; 
  
  
   AssetIdentifier(); 
} 
  
  
aligned(8) class AssetIdentifier { 
   unsigned int(32) asset_id_scheme; 
   unsigned int(32) asset_id_length; 
   unsigned int(8)  asset_id_value[asset_id_length]; 
} 
 

7.3.3	 Semantics

is_complete − indicates whether this MPU has all the media samples and MFUs or not (e.g. when it is 
being generated from live content).

mpu_sequence_number − contains the sequence number of the current MPU. For the first MPU in an Asset, 
the sequence number shall be “0” and it is incremented by “1” for each following MPU. The sequence 
number is unique within an Asset.

asset_id_scheme − identifies the scheme of Asset ID used in asset_id_value. Valid schemes are listed in 
Table 7. There are many schemes to express identification of content. It is recommended to use scheme-
length-value and not to define a new identification scheme. URI scheme for MMT shall be as specified in 
Annex G.

Table 7 — Value of asset_id_scheme

Value Description
0x00000000 UUID (universally unique identifier)
0x00000001 URI (uniform resource identifier)

asset_id_length − the length of asset_id_value.

asset_id_value − contains identifier for the Asset. Format of the value in this field is specific to the 
value in the asset_id_scheme field.

is_adc_present – indicates whether the ADC is present as an XML box in a “meta” box. The MIME type of 
the ADC file as defined in B.2 shall be indicated in an item information box “iinf”.

8	 MMT hint track

8.1	 General

An MMT hint track provides an MMT sending entity with hints for the fragmentation of an MPU into 
MFUs. An MFU enables media-aware fragmentation of an MPU for transportation purposes. One or 
more MFUs may then be used to build an MMTP payload. Media data in the MPU are extracted and put 
on an MMTP payload at transport time by the MMT sending entity. This allows an MMT sending entity 
to perform fragmentation of MPUs with consideration for media-aware delivery.

An MFU is a media sample or subsample as defined in 9.3.1.

An MMT hint track also provides hints for extracting and building of MFUs for encapsulation using the 
MMTP payload format. An MMTP payload may contain either MPU metadata, fragment metadata, or 
one or more MFUs. MPU metadata shall include the “ftyp” and “moov” boxes, should include the “mmpu” 
box, and may include “sidx” and other boxes.
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Each MFU is composed of a header and the associated media data. The MFU header shall be a copy of 
the MFU hint sample and the media data is a copy of the media data that is referenced by that MFU hint 
sample.

If fragmentation is not required, hint track may be omitted.

An MFU is delivered in an MMTP payload of an MMTP packets.

8.2	 Sample description format

8.2.1	 Definition

MMT hint tracks are hint tracks with an entry format in the sample description of “mmth” box:

8.2.2	 Syntax

aligned(8) class MMTHintSampleEntry() extends SampleEntry(‘mmth’) { 
   unsigned int(16) hinttrackversion = 1; 
   unsigned int(16) highestcompatibleversion = 1; 
   unsigned int(16) packet_id; 
   unsigned int(1) has_mfus_flag; 
   unsigned int(1) is_timed; 
   unsigned int(6) reserved; 
  
} 
 

8.2.3	 Semantics

packet_id – is a unique identifier for the Asset for which this hint track applies.

has_mfus_flag – is a flag indicating whether the MPUs are fragmented into MFUs or not. If this flag 
is set to FALSE, the hint track applies to the complete MPU, i.e. each track fragment will have a single 
sample. Otherwise, each hint sample applies to an MFU.

is_timed − indicates whether the media data hinted by this track is timed data or non-timed data.

8.3	 Sample format

8.3.1	 Definition

Each media sample will be assigned to one or more MFUs. Each sample of the MMT hint track will 
generate one or more MFUs. The hint sample may omit certain bytes of an MFU if deemed redundant, 
such as the length field of a NAL unit in the case of AVC or HEVC video bitstreams. For EVC, constraints 
specified in Annex M shall be applied.

8.3.2	 Syntax

aligned(8) class MMTHSample { 
  
   unsigned int(32) sequence_number; 
   if (is_timed) { 
      signed int(8) trackrefindex; 
      unsigned int(32) movie_fragment_sequence_number 
      unsigned int(32) samplenumber; 
      unsigned int(8)  priority; 
      unsigned int(8)  dependency_counter; 
      unsigned int(32) offset; 
      unsigned int(32) length; 
      multiLayerInfo(); 
   } else { 
      unsigned int(16) item_ID; 
   } 
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} 
  
  
aligned(8) class multiLayerInfo extends Box(“muli”) { 
   bit(1) multilayer_flag; 
   bit(7) reserved0; 
  
   if (multilayer_flag==1) { 
      bit(3) dependency_id; 
      bit(1) depth_flag; 
      bit(4) reserved1; 
      bit(3) temporal_id; 
      bit(1) reserved2; 
      bit(4) quality_id; 
      bit(6) priority_id; 
      bit(10) view_id; 
   } 
   else{ 
      bit(6) layer_id; 
      bit(3) temporal_id; 
      bit(7) reserved3; 
   } 
}

8.3.3	 Semantics

sequence_number – an integer number that indicates the sequencing order of this MFU within the MPU. 
Discontinuity of sequence numbers in an MPU is allowed to indicate that certain MFUs (whose sequence 
number was not in the sequence) were not processed after packetization of MPU. Examples of MFU 
processing are delivery and caching by underlying network entity.

movie_fragment_sequence_number – is the sequence number of the movie fragment to which the media 
data of this MFU belongs (see ISO/IEC 14496-12:2022, 8.8.5). The movie_fragment_sequence_number in 
an MPU must start by “1” for the first movie fragment of the MPU and shall be incremented by “1” for 
every succeeding movie fragment in that MPU.

trackrefindex − the ID of the media track from which the MFU data is extracted.

samplenumber − the number of the sample from which this MFU is extracted. Sample number n points to 
the n-th sample from accumulated samples of the current movie fragment. The sample number of the 
first sample in the movie fragment is set to “1” (see ISO/IEC 14496-12:2022, 8.8.8).

item_ID − for non-timed media data, this is the ID of the item that is contained in this MFU.

priority − indicates the priority of the MFU relative to other MFUs within an MPU.

dependency_counter − indicates the number of MFUs whose decoding is dependent on this MFU. The 
value of this field is equal to the number of subsequent MFUs in the order of sequence_number that may 
not be correctly decoded without this MFU. For example, if the value of this field is equal to n, then n 
subsequent MFUs may not be correctly decoded without this MFU.

offset − the offset of the media data contained in this MFU. The offset base is the beginning of the 
containing “mdat” box. MFU shall be placed at the position that offset indicates.

length − the length of the data corresponding to this MFU in bytes.

multilayer_flag – when set to “1”, this flag indicates that detailed multi-layer information is present in 
this box.

dependency_id – dependency identification of this MFU. If the value of this field is a non-zero value, then 
the data associated with this sample enhance the video by one or more scalability levels in at least one 
direction (temporal, quality or spatial resolution).

depth_flag – when set to “1”, this flag indicates that the given MFU conveys depth data of video.
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quality_id – quality identification of this MFU. If this field contains a non-zero value, then the data 
associated with this sample enhance the video by one or more scalability levels in at least one direction 
(temporal, quality or spatial resolution).

priority_id – priority identification of this MFU. If the value of this field is non-zero value, then the data 
associated with this sample enhance the video by one or more scalability level in at least on direction 
(temporal, quality or spatial resolution).

temporal_id – temporal identification of this MFU. If the value of this field is a non-zero value, then 
the data associated with this sample enhance the video by one or more scalability levels in at least one 
direction (temporal, quality or spatial resolution).

view_id – view identification of this MFU. If the value of this field is a non-zero value, then the data 
associate with this sample enhance the video by one or more scalability levels in at least one direction 
(temporal, quality or spatial resolution).

layer_id – indicates the identification of a scalable layer whose information about scalability 
dimensions is provided in initialization information.

9	 Packetized delivery of Package

9.1	 General

This clause specifies an application layer transport protocol (the MMT protocol) for packetized delivery 
of Packages and defines the MMTP payload format.

NOTE	 For non-packetized delivery of Packages, e.g. using other file delivery protocols, the MMTP payload 
format and MMT protocol are not required.

The MMT protocol is an application layer transport protocol supporting delivery of Packages over 
heterogeneous packet-switched delivery networks, including IP-based network environments. The 
MMT protocol provides enhanced features for delivery of Packages such as protocol level multiplexing, 
which, for example, enables various Assets to be delivered over a single MMTP packet flow, and 
delivery timing model independent of presentation time to adapt to a wide range of network jitters and 
information to support Quality of Service (QoS).

MMT provides a generic media streaming solution that supports the transport of different media types 
and codecs. For this purpose, MMT defines a transport protocol, MMTP, that is designed to support a 
limited set of payload types agnostic to the media type or coding format but providing information 
serving the needs of different multimedia delivery services.

The MMTP payload format is defined as a generic payload format for the packetization of media data 
components of a Package. It is agnostic to media codecs used for encoded media data, so that any type of 
media data that are encapsulated as an MPU can be packetized into MMTP. The MMTP payload format 
is also used to packetize signalling messages. The MMTP payload format also supports fragmentation 
and aggregation of data to be delivered.

MMTP supports both streaming and download modes, where the streaming mode is optimized for 
packetized streaming of ISO base media file formatted files (MPU mode) and the download mode 
allows for flexible delivery of generic files (GFD mode). In addition, MMTP enables delivery of streaming 
support data such as application layer forward error correction (AL-FEC), repair data and signalling 
messages. AL-FEC framework shall be as specified in Annex C.

9.2	 MMT protocol

9.2.1	 General

The MMT protocol is an application layer transport protocol that is designed to efficiently and reliably 
transport Packages. The MMT protocol can be used for both timed and non-timed media data. It 
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supports several enhanced features, such as media multiplexing, network jitter calculation, and QoS 
indication. These features are designed to deliver content composed of various types of encoded media 
data more efficiently. The MMT protocol may run on top of existing network protocols, e.g. UDP and IP. 
In this document, the carriage of the data formatted in a format other than the MMTP payload format 
as specified in 9.3 is not defined.

The MMT protocol is designed to support a wide variety of applications and does not specify congestion 
control. Congestion control is left to implementation.

The MMT protocol supports the multiplexing of different media data such as MPUs from various Assets 
over a single MMTP packet flow. It delivers multiple types of data in the order of consumption to the 
receiving entity to help synchronization between different types of media data without introducing a 
large delay or requiring large buffer. The MMT protocol also supports the multiplexing of media data 
and signalling messages within a single packet flow.

A single MMTP payload shall be carried in only one MMTP packet. Fragmentation and aggregation 
are only provided by the payload format and not by MMTP itself. The MMT protocol defines two 
packetization modes, generic file delivery (GFD) mode as specified in 9.3.3 and MPU mode as specified 
in 9.3.2. The GFD mode identifies data units using their byte position inside a transport object. The 
MPU mode identifies data units using their role and media position inside an MPU. The MMT protocol 
supports mixed use of packets with two different modes in a single delivery session. A single packet 
flow of MMT packets can be arbitrarily composed of payloads with two types.

The MMT protocol also provides means to calculate and remove jitter introduced by the underlying 
delivery network, so that constant end-to-end packet delivery delay can be achieved. By using the 
timestamp field in the packet header, jitter can be precisely calculated without requiring any additional 
signalling information and protocols.

The MMT protocol provides priority-related information to enable underlying network layers or the 
intermediate network entities to map the priority information in the MMTP packet header such as 
type_of_bitrate, delay_sentivity, transmission_priority and flow_label to the network protocol 
according to predetermined priority mapping policy to support the flow control for MMTP packet 
delivery. For example, when DiffServ (IETF RFC 2474) is used, this priority information may be used 
to set the 6-bit DSCP value of the DS field in the IP header. The underlying network entity supporting 
Diffserv shall then process the IP packets according to the mapping defined by the priority-related 
information in the MMTP packet header.

9.2.2	 Structure of an MMTP packet

The packetization of an MPU that contains timed date is performed in a format aware mode. The type 
filed of the MMTP packet header is set according to

Table 9 (V=0) and Table 10 (V=1) to indicate that the packetization is format aware and that the packet 
will be delivering using the MPU mode. An MPU can also be delivered in a format agnostic mode using 
the GFD mode as described in 9.3.3

Figure 8 and Figure 9 illustrate the structure of an MMTP packet of version 0 and version 1, respectively.
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Figure 8 — Structure of MMTP packet (V = 0)

Note that MMTP does not provide an indication of the packet length and relies on lower layer framing 
protocols to do this. For example, when using MMTP over UDP, the MMTP packet length is provided by 
the Length field of the UDP datagram.

Figure 9 — MMTP packet header, payload and footer (V = 1)

9.2.3	 Semantics

version (V: 2 bits) – indicates the version number of the MMTP protocol. This field shall be set to 
“00” to comply with this document and “01” for QoS support.

NOTE	 If version is set to “01”, the length of type is set to 4 bits.
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packet_counter_flag (C: 1 bit) – “1” in this field indicates that the packet_counter field is present.

FEC_type (FEC: 2  bits) – indicates the type of the FEC scheme used for error protection of MMTP 
packets. Valid values of this field are listed in Table 8.

Table 8 — FEC_types

Value Description
0 MMTP packet without source_FEC_payload_ID field
1 MMTP packet with source_FEC_payload_ID field
2 MMTP packet for repair symbol(s) for FEC Payload Mode 0 (FEC repair 

packet)
3 MMTP packet for repair symbol(s) for FEC Payload Mode 1 (FEC repair 

packet)

NOTE	 If FEC_type is set to 0, it indicates that FEC is not applied to this MMT packet or that FEC is applied to 
this MMT packet without adding source_FEC_payload_ID.

reserved (r: 1 bit) – reserved for future use.

extension_flag (X: 1  bit) – when set to “1”, this flag indicates that the header_extension field is 
present.

RAP_flag (R: 1 bit) – when set to “1”, this flag indicates that the payload contains a Random Access 
Point (RAP) to the data stream of that data type. The exact semantics of this flag are defined by the data 
type itself.

reserved (RES: 2 bits) – reserved for future use.

Compression_flag (B: 1 bit) – this field is added at the beginning of the header in order to indicate 
whether or not header compression is used. When set to “0”, the full-size header is used; when set to “1”, 
the reduced-size header is used.

Indicator_flag (I: 1  bit) – this field is added to tell the receiver whether or not the current full 
header will later be used as a reference. This field shall be set to “1” when the full header will be used as 
a reference. This allows receivers to discover that this header information shall be stored as it will be 
later used as a reference by packets with reduced headers.

type(6 / 4  bits) – this field indicates the type of payload data. Payload type values are defined in 
Table 9 for version “00” and Table 10 defined value of payload type for version “01”.

Table 9 — Data type and definition of data unit (V=0)

Value Data type Definition of data unit
0x00 MPU a media-aware fragment of the MPU
0x01 generic object a generic object such as a complete MPU or an object of 

another type
0x02 signalling message one or more signalling messages or a fragment of a signalling 

message (see 10.2)
0x03 repair symbol a single complete repair symbol (see C.4.3)

0x04 ~ 0x1F reserved for ISO use for ISO use
0x20 ~ 0x3F reserved for private use for private use

Table 10 — Data type and definition of data unit (V=1)

Value Data type Definition of data unit
0x0 MPU a media-aware fragment of the MPU
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Value Data type Definition of data unit
0x1 generic object a generic object such as a complete MPU or an object of 

another type
0x2 signalling message one or more signalling messages or a fragment of a signalling 

message (see 10.2)
0x3 repair symbol a single complete repair symbol (see C.4.3)

0x4 ~ 0x9 reserved for ISO use for ISO use
0xA ~ 0xF reserved for private use for private use

packet_id (16  bits) – this field is an integer value that can be used to distinguish one Asset from 
another. The value of this field is derived from the asset_id of the Asset where this packet belongs to. 
The mapping between the packet_id and the asset_id is signalled by the MMT Package Table as part of 
a signalling message (see 10.3.4). Separate value will be assigned to signalling messages and FEC repair 
flows. The packet_id is unique throughout the lifetime of the delivery session and for all MMT flows 
delivered by the same MMT sending entity. For AL-FEC, the mapping between packet_id and the FEC 
repair flow is provided in the AL-FEC message.

packet_sequence_number (32  bits) − an integer value that is used to distinguish packets that have 
the same packet_id. The value of this field starts from arbitrary value and will be incremented by one 
for each MMTP packet received. It wraps around to “0” after the maximum value is reached. In the FEC 
repair packet for FEC Payload ID Mode 1, this field shall be replaced with RS_ID.

timestamp (32 bits) − specifies the time instance of MMTP packet delivery based on UTC. The format 
is the “short-format” as defined in IETF RFC 5905, NTP version 4, Clause 6. This timestamp specifies the 
sending time at the first byte of MMTP packet. It is required that an MMT sending entity should provide 
accurate time information that is synchronized with UTC.

packet_counter (32 bits) – an integer value for counting MMTP packets. It is incremented by 1 when 
an MMTP packet is sent regardless of its packet_id value. This field starts from arbitrary value and 
wraps around to “0” after its maximum value is reached. All packets of an MMTP flow shall have the 
same setting for packet_counter_flag (C), which means that either all packets will have the packet_
counter field or none of them will have it.

Source_FEC_payload_ID (32 bits) – this field shall be used only when the value of FEC type is set to “1” 
(see C.4.2). The MMTP packet with FEC type = 1 shall be used for AL-FEC protection for FEC Payload ID 
Mode 0 and this field shall be added to the MMTP packet after AL-FEC protection.

header_extension − this field contains user-defined information. The header extension mechanism is 
provided to allow for proprietary extensions to the payload format to enable applications and media 
types that require additional information to be carried in the payload format header. The header 
extension mechanism is designed in such a way that it may be discarded without impacting the correct 
processing of the MMTP payload. The header extension shall have the format as shown in Figure 10. 
This document does not specify any particular header extension.

Figure 10 — Structure of extension header

type (16 bits) – indicates the unique identification of the following header extension.

Table 10 (continued)Table 10 (continued)
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length (16 bits) – indicates the length of header_extension_value field in byte.

header_extension_value – provides the extension information. The format of this field is outside the 
scope of this document.

QoS_classifier_flag (Q:1bit) – when set to “1”, it indicates that QoS classifier information is used. 
The QoS classifier contains the delay_sensitivity field, reliability_flag field, and transmission_
priority field. It indicates the QoS class property. The application can perform per-class QoS operations 
according to the particular value of one property. The class values are universal to all independent 
sessions.

flow_identifier_flag (F:1  bit) – when set to “1”, it indicates that flow identifier information is 
used. The flow identifier contains the flow_label field and flow_extension_flag field. It indicates the 
flow identifier. The application can perform per-flow QoS operations in which network resources are 
temporarily reserved during the session. A flow is defined to be a bitsream or a group of bitstreams 
whose network resources are reserved according to transport characteristics or ADC in Package.

flow_extension_flag (E: 1 bit) – if there are more than “127” individual flows, this bit is set to “1” 
and one more byte can be used in extension_header.

reliability_flag (r: 1 bit) – when “reliability_flag” is set to “0”, it shall indicate that the data 
are loss tolerant (e.g. media data), and that the following “transmission_priority” field shall be used 
to indicate relative priority of loss. When “reliability_flag” is set to “1”, the “transmission_priority” 
field will be ignored, and shall indicate that the data are not loss tolerant (e.g. signalling data, service 
data or program data).

type_of_bitrate (TB: 2 bits) − indicates the type of bit rate as listed in Table 11.

Table 11 — Value of type_of_bitrate

Value Description
00 constant bit rate (CBR)
01 non-constant bit rate (nCBR)

10 ~ 11 reserved

delay_sensitivity (DS: 3  bits) − indicates the delay sensitivity of the data between end-to-end 
delivery for the given service as listed in Table 12. This field is derived from the application as the same 
content may have different delay requirements in different applications.

Table 12 — Value of delay_sensitivity

Value Description
111 conversational service (~100 ms)
110 live-streaming service (~1 s)
101 delay-sensitive interactive service (~2 s)
100 interactive service (~5 s)
011 streaming service (~10 s)
010 non-real-time service
001 reserved
000 reserved

transmission_priority (TP: 3  bits) – provides the transmission_priority for the media packet, 
when the reliability_flag is set to “0”. It may be mapped to the NRI of NAL, DSCP of IETF, or other 
loss priority fields in another network protocol. This field shall take values from “7” (“1112”) to “0” 
(“0002”), where 7 is the highest priority and “0” is the lowest priority.
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flow_label (7  bits) – indicates the flow identifier. The application can perform per-flow QoS 
operations in which network resources are temporarily reserved during the session. A flow is defined 
to be a bitsream or a group of bitstreams whose network resources are reserved according to transport 
characteristics or ADC in Package. It is an implicit serial number from “0” to “127”. An arbitrary number 
is assigned temporarily during a session and refers to every individual flow for whom a decoder 
(processor) is assigned and network resource can be reserved.

9.2.4	 MMTP session description information

The MMTP session description information may be delivered to receivers in different ways to 
accommodate different deployment environments. Before a receiver is able to join an MMTP session, 
the receiver needs to obtain the following information:

—	 the destination information. In an IP environment, the destination IP address and port number;

—	 an indication that the session is an MMTP session;

—	 the version number of the MMT protocol used in the MMTP session;

Additionally, the MMTP session description information should contain the following information:

—	 the start and end time of the MMTP session.

9.3	 MMTP payload

9.3.1	 General

The MMTP payload is a generic payload to packetize and carry media data such as MPUs, generic objects, 
and other information for consumption of a Package using the MMT protocol. The appropriate MMTP 
payload format shall be used to packetize MPUs, generic objects, and signalling messages described in 
10.2.

An MMTP payload may carry complete MPUs or fragments of MPUs, signalling messages, generic 
objects, repair symbols of AL-FEC schemes, etc. The type of the payload is indicated by the type field in 
the MMT protocol packet header. For each payload type, a single data unit for delivery as well as a type 
specific payload header is defined. For example, the fragment of an MPU (e.g. an MFU) is considered as 
a single data unit when the MMTP payload carries MPU fragments. The MMT protocol may aggregate 
multiple data units with the same data type into a single MMTP payload. It can also fragment a single 
data unit into multiple MMTP packets.

An MFU is a sample or subsample of timed data or an item of non-timed data. An MFU shall contain 
media data that may be smaller than an AU for timed data and the contained media data may be 
processed by the media decoder. An MFU shall contain an MFU header that contains information on the 
boundaries of the carried media data. An MFU shall contain an identifier to uniquely distinguish the 
MFU inside an MPU. It may also provide dependency and priority information relative to other MFUs 
within the same MPU.

The MMTP payload consists of a payload header and payload data. Some data types may allow for 
fragmentation and aggregation, in which case a single data unit is split into multiple fragments or a set 
of data units are delivered in a single MMTP packet.

Each data unit may have its own data unit header depending on the type of the payload. The payload 
type specific headers are defined in 9.2.2. For types that do not require a payload type, a specific header 
no payload type header is present and the payload data follows the MMTP header immediately.

Some fields of the MMTP packet header are interpreted differently depending on the payload type. The 
semantics of these fields will be defined by the payload type in use.
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9.3.2	 MPU mode

9.3.2.1	 General

The delivery of MPUs to MMT receivers using the MMT protocol requires a packetization and 
depacketization procedure to take place at the MMT sending entity and MMT receiving entity, 
respectively. The packetization procedure transforms an MPU into a set of MMTP payloads that are then 
carried in MMTP packets. The MMTP payload format allows for fragmentation of the MMTP payload to 
enable the delivery of large payloads. It also allows for the aggregation of multiple MMTP payload data 
units into a single MMTP payload to cater for smaller data units. At the receiving entity, depacketization 
is performed to recover the original MPU data. Several depacketization modes are defined to address 
the different requirements of the overlaying applications.

If the payload type is “0x00”, the MPU is fragmented in a media-aware way allowing the transport layer 
to identify the nature and priority of the fragment that is carried. A fragment of an MPU may either be 
MPU metadata, a Movie Fragment metadata, an MFU, or a non-timed media data item.

9.3.2.2	 MMTP payload header for MPU mode

The payload type specific header is provided in Figure 11.

Figure 11 — Structure of the MMTP payload header for MPU mode

For payload that carries an MFU, the DU header is specified depending on the value of the T flag 
indicating whether the carried data are timed or non-timed media. For timed media (i.e. when the value 
of T is set to “1”), the DU header fields are shown in Figure 12. For non-timed media (T is set to “0”), the 
DU header is defined as shown in Figure 13.

Figure 12 — DU header for timed-media MFU
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For non-timed media, the DU header fields are shown in Figure 13.

Figure 13 — DU header for non-timed media MFU

9.3.2.3	 Semantics

length (16 bits) – indicates the length of payload excluding this field in byte.

MPU Fragment Type (FT: 4 bits) – this field indicates the fragment type and its valid values are shown 
in Table 13.

Table 13 — Data type and definition of data unit

FT Description Content
0 MPU metadata contains the ftyp, mmpu, moov, and meta boxes, as well as any 

other boxes that appear in between.
1 Movie fragment metadata contains the moof box and the mdat box, excluding all media data 

inside the mdat box but including any chunks of auxiliary sample 
information.

2 MFU contains a sample or subsample of timed media data or an item of 
non-timed media data.

3 ~ 15 Reserved for private use reserved

Timed Flag (T: 1 bit) – this flag indicates if the fragment is from an MPU that carries timed (value 1) 
or non-timed media (value 0).

Fragmentation Indicator (f_i: 2 bits) − this field indicates that the fragmentation indicator contains 
information about fragmentation of data unit in the payload. The four values are listed in Table 14. If the 
value is set to “00”, the aggregation_flag can be presented.

Table 14 — Values for fragmentation indicator

Value Description
“00” Payload contains one or more complete data units.
“01” Payload contains the first fragment of data unit.
“10” Payload contains a fragment of data unit that is neither the first nor the last part.
“11” Payload contains the last fragment of data unit.

The following flags are used to indicate the presence of various information carried in the MMTP 
payload. Multiple bits can be set simultaneously.

aggregation_flag (A: 1 bit) – when set to “1”, it indicates that more than 1 data unit is present in the 
payload, i.e. multiple data units are aggregated.

fragment_counter (frag_count: 8 bits) − this field specifies the number of payload containing fragments 
of the same data unit succeeding this MMTP payload. This field shall be “0” if aggregation_flag is set 
to “1”.

MPU_sequence_number (32  bits) – the sequence number of the MPU to which this MPU fragment 
belongs.
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DU_length (16 bits) – this field indicates the length of the data following this field. When aggregation_
flag is set to “0”, this field shall not be present. When aggregation_flag is set to “1”, this field shall 
appear as many times as the number of the data units aggregated in the payload and preceding each 
aggregated data unit.

DU_Header – the header of the data unit, which depends on the FT field. A header is only defined for the 
MFU fragment type, with different semantics for timed and non-timed media as identified by the T flag.

movie_fragment_sequence_number (32 bits) – the sequence number of the movie fragment to which 
the media data of this MFU belongs (see ISO/IEC 14496-12:2022, 8.8.5).

sample_number (32  bits) – the sample number of the sample to which the media data of the MFU 
belongs (see ISO/IEC 14496-12:2022, 8.8.8). The sample number shall be “1” for the first sample of the 
movie fragment and shall be incremented by “1” for every succeeding sample in order of appearance in 
the “mdat”.

offset (32 bits) – offset of the media data of this MFU inside the referenced sample.

subsample_priority (priority: 8 bits) – provides the priority of the media data carried by this MFU 
compared with other media data of the same MPU. The value of subsample_priority shall be between 
“0” and “255”, with higher values indicating higher priority.

dependency_counter (dep_counter: 8 bits) – indicates the number of data units that depend on their 
media processing upon the media data in this MFU.

Item_ID (32 bits) – the identifier of the item that is carried as part of this MFU.

For the FT types “0” and “1”, no additional DU header is defined.

9.3.3	 Generic file delivery mode

9.3.3.1	 General

MMTP also supports the transport of generic files and Assets and uses payload type “0x01” as defined in 
Table 9. An Asset consists of one or more files that are logically grouped and share some commonality 
for an application, e.g. segments of a dynamic adaptive streaming over HTTP (DASH) Representation, a 
sequence of MPUs, etc.

In the generic file delivery (GFD) mode, an Asset is transported by using MMTP’s GFD payload type.

Each file delivered using the GFD mode requires association of transport delivery information. This 
includes, but is not limited to, information such as the transfer length.

Each file delivered using the GFD mode may also have associated content-specific parameters such as 
name, identification, and location of file, media type, size of the file, encoding of the file or message 
digest of the file. In alignment with HTTP/1.1 protocol as defined in IETF RFC 2616, each file within one 
generic Asset may have assigned any meta-information about the entity body, i.e. the delivered file. The 
details are also defined in 9.3.3.2.

9.3.3.2	 GFD information

9.3.3.2.1	 General

In the GFD mode, each file gets assigned the following parameters.

—	 packet_id: the asset to which each object belongs to. Objects that belong to the same asset are 
considered as logically connected, e.g. all DASH segments of a Representation and also across 
Representations that extend over multiple DASH Periods and which carry pieces of the same content.
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—	 Transport Object Identifier (TOI): Each object is associated with a unique identifier within the 
scope of the packet_id.

—	 CodePoint: each object is associated with a CodePoint. A CodePoint associates a specific object and 
object transport properties. Packets with the same TOI shall have the same CodePoint value. For 
more details, see Table 16.

NOTE	 See Annex F for DASH segments over MMTP.

9.3.3.2.2	 GFD table

The GFD table provides a list of CodePoints as defined in Table 16. Each CodePoint gets dynamically 
assigned a CodePoint value. Table 15 shows the structure and semantics of the GFD table.

Table 15 — GFD table

Element or attribute name Use Description
GFDTable   the element carries a GFDTable
CodePoint 1…N defines all CodePoints in the MMTP session
Legend:

For attributes: M, mandatory; O, Optional; OD, optional with default value; CM, conditionally mandatory.

For elements: <minOccurs>…<maxOccurs> (N=unbounded).

Elements are bold; attributes are non-bold and preceded with an @.

9.3.3.2.3	 CodePoints

A CodePoint value can be used to obtain the following information:

—	 the maximum transfer length of any object delivered with this CodePoint signalling.

In addition, a CodePoint may include the following information:

—	 the actual transfer length of the objects;

—	 any information that may be present in the entity-header as defined in IETF RFC 2616, section 7.1;

—	 a Content-Location-Template as defined in 9.3.3.2.4 using the TOI and packet_id parameter, if 
present. The TOI and packet_id may be used to generate the Content-Location for each TOI and 
packet_id. If such a template is present, the processing in 9.3.3.2.4 shall be used to generate the 
Content-Location and the value of the URI shall be treated as the Content-Location field in the 
entity-header;

—	 specific information on the content, for example, how the content is packaged, etc.

Within one session, at most “256” CodePoints may be defined. The definition of CodePoints is 
dynamically set-up in the MMTP session description.

The CodePoint semantics are described in Table 16.

Table 16 — CodePoint semantics

Element or attribute name Use Description
CodePoint   Defines the CodePoints in a MMTP session.
Legend:

For attributes: M, mandatory; O, optional; OD, optional with default value; CM, conditionally mandatory.

For elements: <minOccurs>…<maxOccurs> (N=unbounded).

Elements are bold; attributes are non-bold and preceded with an @.
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Element or attribute name Use Description
   @value M Defines the value of the CodePoint in the MMTP 

session as provided in the CodePoint value of the 
MMTP packet header containing the GFD payload. The 
value shall be between “1” and “255”. The value “0” is 
reserved.

   @fileDeliveryMode M Specifies the file delivery mode according to 9.3.3
   @maximumTransferLength M Specifies the maximum transfer length in bytes of any 

object delivered with this CodePoint in this MMTP 
session.

   @constantTransferLength OD 
default: 
“false”

Specifies if all objects delivered by this CodePoint 
have constant transfer length. If this attribute is set to 
TRUE, all objects shall have transfer length as 
specified in the @maximumTransferLength 
attribute.

   @contentLocationTemplate O Specifies a template to generate the Content-Location 
of the entity header.

   EntityHeader 0 ... 1 Specifies a full entity header in the format as defined 
in IETF RFC 2616, section 7.1. The entity header 
applies for all objects that are delivered with the 
value of this CodePoint.

Legend:

For attributes: M, mandatory; O, optional; OD, optional with default value; CM, conditionally mandatory.

For elements: <minOccurs>…<maxOccurs> (N=unbounded).

Elements are bold; attributes are non-bold and preceded with an @.

9.3.3.2.4	 Content-Location template

A CodePoint may include a @contentLocationTemplate attribute. The value of @contentLocationTemplate 
attribute may contain one or more of the identifiers listed in Table 17.

In each URL, the identifiers from Table 17 shall be replaced by the substitution parameter defined in 
Table 17. Identifier matching is case-sensitive. If the URL contains unescaped $ symbols, which do not 
enclose a valid identifier, then the result of URL formation is undefined. The format of the identifier is 
also specified in Table 17.

Each identifier may be suffixed, within the enclosing “$” characters following this prototype:

   %0[width]d
The width parameter is an unsigned integer that provides the minimum number of characters to be 
printed. If the value to be printed is shorter than this number, the result shall be padded with zeros. The 
value is not truncated even if the result is larger.

The @contentLocationTemplate shall be authored such that the application of the substitution process 
results in valid URIs.

Strings outside identifiers shall only contain characters that are permitted within URLs according to 
IETF RFC 3986.

Table 17 — Identifiers for URL templates

$<Identifier>$ Substitution parameter Format
$$ Is an escape sequence, i.e. “$$” is replaced with a 

single “$”.
Not applicable.

Table 16 (continued)Table 16 (continued)
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$<Identifier>$ Substitution parameter Format
$PacketID$ This identifier is substituted with the value of the 

packet_id of the associated MMT flow.
The format tag may be present.
If no format tag is present, a de-
fault format tag with width = 1 
shall be used.

$TOI$ This identifier is substituted with the Object 
Identifier of the corresponding MMTP packet 
containing the GFDpayload.

The format tag may be present.
If no format tag is present, a de-
fault format tag with width = 1 
shall be used.

9.3.3.3	 File metadata

9.3.3.3.1	 General

Files can be transported using the GFD mode of the MMT protocol. Furthermore, the GFD mode can also 
be used to transport entities where an entity is defined according to IETF RFC 2616, section 7. An entity 
consists of meta-information in the form of entity-header fields and content in the form of an entity-
body (the file), as described in IETF RFC 2616, section 7.

This enables that files may get assigned information by in-band delivery in a dynamic fashion. For 
example, it enables the association of a Content-Location, the Content-Size, etc.

The file delivery mode shall be signalled in the CodePoint. The value is also specified in Table 18.

Table 18 — File delivery modes for GFD

Value Description Definition
1 The transport object is a file. in 9.3.3.2
2 The delivered object is an entity consisting of an 

entity-header and the file.
in 9.3.3.3

9.3.3.3.2	 Regular file

In case of the regular file, the object represents a file.

If the CodePoint defined in the GFD table contains entity-header fields or entity-header fields can be 
generated, then all of these entity-header fields shall apply to the delivered file.

9.3.3.3.3	 Regular entity

In case of the regular entity, the object represents an entity as defined in IETF RFC 2616, section 7. An 
entity consists of entity-header fields and an entity-body.

If the CodePoint defined in the GFD table contains entity-header fields or entity-header fields can be 
generated, then all of these entity-header fields apply to the delivered file. If the 
entity-header field is present in both locations, then the entity-header field in the 
entity-header delivered with the object overwrites the one in the CodePoint.

9.3.3.4	 MMTP payload header for GFD mode

The GFD mode of MMTP delivers regular files. When delivering regular files, the object represents a file.

If the CodePoint defined in the MMTP session description contains entity-header fields or 
entity-header fields can be generated, then all of these entity-header fields shall apply to the 
delivered file.

Table 17 (continued)Table 17 (continued)
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The payload packets sent using MMTP shall include a GFD payload header and a GFD payload as shown 
in Figure 14.

In some special cases, a MMT sending entity may need to produce packets that do not contain any 
payload. This may be required, for example, to signal the end of a session.

Figure 14 — MMTP payload header for GFD mode

As shown in Figure  14, the GFD payload header has a variable size. Bits designated as "padding" or 
"reserved" (r) must be set to 0 by the MMT sending entity and ignored by receivers. Unless otherwise 
noted, numeric constants in this document are in decimal form.

9.3.3.5	 Semantics

C (1 bit) – indicates that this is the last packet for this session.

L (1 bit) – indicates that this is the last delivered packet for this object.

B (1 bit) – indicates that this packet contains the last byte of the object.

CodePoint (CP: 8 bits) – an opaque identifier that is passed to the packet payload decoder to convey 
information on the packet payload. The mapping between the CodePoint and the actual codec is defined 
on a per session basis and communicated out-of-band as part of the session description information.

RES (5 bits) – a reserved field that should be set to “0”.

Transport Object Identifier (TOI: 32 bits) – the object identifier should be set to a unique identifier 
of the generic object that is being delivered. The mapping between the object identifier and the object 
information (such as URL and MIME type) may be done explicitly or implicitly. For example, a sequence 
of DASH segments may use the segment index as the object identifier and a numerical representation 
identifier as the packet_id. This mapping may also be performed using a signalling message.

start_offset (48 bits) – the location of the current payload data in the object.

9.3.4	 Signalling message mode

9.3.4.1	 General

The signalling message mode of MMTP is defined for the delivery of signalling messages. Signalling 
messages may be encoded in one of different formats, such as binary format or XML format. It is 
therefore important to enable quick access and filtering of signalling messages at the transport layer 
and thus, to avoid parsing the signalling message itself for filtering purposes.
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Signalling messages may also be large in size, exceeding the MTU size. Other signalling messages may 
be much smaller than the MTU. The signalling message payload format provides fragmentation and 
aggregation functionality to support efficient packetization.

9.3.4.2	 MMTP payload header for signalling message mode

Figure 15 depicts the signalling message payload format header.

Figure 15 — MMTP payload header for signalling message mode

9.3.4.3	 Semantics

The semantic of each field are as follows.

Fragmentation Indicator (f_i: 2 bits) – contains information about fragmentation of a signalling 
message in the MMTP payload. The valid values of this field are shown in Table 19.

Table 19 — Value of fragmentation indicator

Value Description
00 Payload contains one or more complete signalling messages.
01 Payload contains the first fragment of a signalling message.
10 Payload contains a fragment of a signalling message that is neither the first nor the last frag-

ment.
11 Payload contains the last fragment of a signalling message.

aggregation_flag (A: 1 bit) – when set to “1” indicates that more than 1 signalling message is present 
in the payload, i.e. multiple signalling messages are aggregated.

fragmentation counter (frag_count: 8 bits) – this field specifies the number of payload containing 
fragments of the same signalling message following the current fragment. This field shall be “0” if 
aggregation_flag is set to “1”.

RES (4 bits) – this field contains bits that are reserved for future use and shall be set to “0”.

H (1 bit) – this flag indicates if an additional 16 bit is used to indicate the signalling message length.

MSG_length (16+16*H bits) – this field indicates the length of the signalling message following this 
field. When aggregation_flag is set to “0”, this field shall not be present. When 
aggregation_flag is set to “1”, this field shall appear as many times as the number of the signalling 
messages aggregated in the payload and preceding each aggregated signalling message.

9.4	 MMTP operation

9.4.1	 General

In this subclause, the behaviour of an MMT receiving entity and of an MMT sending entity when 
operating the MMTP protocol using different payload types is described.
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An MMTP session consists of one MMTP transport flow. An MMTP transport flow is defined as all 
packet flows that are delivered to the same destination and which may originate from multiple MMT 
sending entities. In the case of IP, destination is the IP address and port number.

A single Package may be delivered over one or multiple MMTP transport flows.

A single MMTP transport flow may deliver data from multiple Packages.

An MMTP transport flow may carry multiple Assets. Each Asset is associated with a unique packet_id 
within the scope of the MMTP session. MMTP provides a streaming-optimized mode (the MPU mode) 
and a file download mode (the GFD mode).

The Asset is delivered as a set of related objects denoted as an object flow. The object may either be an 
MPU, file or signalling message.

Each object flow shall either be carried in MPU mode or GFD mode; however, the delivery of one Package 
may be performed using a mix of the two modes, i.e. some Assets may be delivered using the MPU mode 
and others using the GFD mode.

The MMTP packet sub-flow is the subset of the packets of an MMTP packet flow that share the same 
packet_id. The object flow is transported as an MMTP packet sub-flow.

The MPU mode supports the packetized streaming of an MPU. The GFD mode supports flexible file 
delivery of any type of file or sequence of files.

MMTP is suitable for unicast, as well as multicast media distribution. To ensure scalability in multicast/
broadcast environments, MMTP relies mainly on FEC instead of retransmissions for coping with packet 
error.

Before joining the MMTP session, the MMT receiving entity should obtain sufficient information to 
enable reception of the delivered data. This minimum required information is specified in 9.2.4.

MMTP requires the MMT receiving entity to be able to uniquely identify and de-multiplex MMTP 
packets that belong to a specific object flow. In addition, MMT receiving entities are required to be 
able to identify packets carrying signalling messages and others carrying AL-FEC repair packets by 
interpreting the type field of the MMTP packet header.

The MMT receiving entity shall be able to simultaneously receive, de-multiplex, and reconstruct the 
data delivered by MMTP packets of different types and from different object flows.

A single MMTP packet shall carry exactly one MMTP payload.

9.4.2	 Delivering MPUs

9.4.2.1	 MMT sending entity operation

9.4.2.1.1	 Timed media data

The MPU mode is used to transport MPUs sent by a sending entity to a receiving entity.

The packetization of an MPU that contains timed media may be performed in a MPU format aware mode 
or MPU format agnostic mode. In the media format agnostic mode, the MPU is packetized into data units 
of equal size (except for the last data unit, of which the size may differ) or predefined size according to 
the size of MTU of the underlying delivery network by using GFD mode as specified in 9.3.3. It means 
that the packetization of the MPU format agnostic mode only considers the size of data to be carried in 
the packet. The type field of the MMTP packet header specified in 9.3.2 is set to “0x00” to indicate that 
the packetization is format agnostic mode.

In the format agnostic mode, the packetization procedure takes into account the boundaries of different 
types of data in MPU to generate packets by using the MPU mode as specified in 9.3.2. The resulting 
packets shall carry delivery data units of either MPU metadata, movie fragment metadata, or MFU. The 
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resulting packets shall not carry more than two different types of delivery data units. The delivery data 
unit of MPU metadata consists of the “ftyp” box, the “mmpu” box, the “moov” box, and any other boxes that 
are applied to the whole MPU. The FT field of the MMTP payload carrying a delivery data unit of MPU 
metadata is set to “0x00”. The delivery data unit of movie fragment metadata consists of the “moof” box 
and the “mdat” box header (excluding any media data). The FT field of the MMTP payload carrying a 
delivery data unit of movie fragment metadata is set to “0x01”. The media data, MFUs in the “mdat” box 
of the MPU, is then split into multiple delivery data units of MFU in a format aware way. This may, for 
example, be performed with the help of the MMT hint track. The FT field of the MMTP payload carrying 
a delivery data unit of MFU is set to “0x02”.

Each MFU is prepended with an MFU header, which has the syntax and semantics as defined in 8.3. It is 
followed by the media data of the MFU.

This procedure is described in Figure 16.

Figure 16 — Payload generation for timed media

9.4.2.1.2	 Non-timed media data

The packetization of non-timed media data may also be performed in two different modes. In the 
MPU format agnostic mode, the MPU is packetized into delivery data units of equal size (except for the 
last data unit, of which the size may differ) or predefined size according to the size of the MTU of the 
underlying delivery network by using the GFD mode as specified in 9.3.3. The type field of the MMTP 
packet header specified in 9.2.2 is set to “0x00” to indicate that the packetization is format agnostic 
mode.

In the format agnostic mode, the MPU shall be packetized into the packet containing delivery data 
units of either MPU metadata or MFU by using MPU mode as defined in 9.3.2. The delivery data unit 
of MPU metadata contains the “ftyp” box, the “moov” box, and the “meta” box and any other boxes that 
are applied to the whole MPU. The FT field of the MMTP payload carrying a delivery data unit of MPU 
metadata is set to “0x01”. Each delivery data unit of MFU contains a single item of the non-timed media. 
The FT field of the MMTP payload carrying a delivery data unit of MFU is set to “0x02”.

Each item of the non-timed data is then used to build an MFU. Each MFU consists of an MFU header and 
the item’s data. The MFU header is defined in 8.3. This procedure is described in Figure 17.

Figure 17 — Payload generation for non-timed media
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9.4.2.2	 MMT receiving entity operation

The depacketization procedure is performed at the MMT receiving entity to rebuild the transmitted 
MPU. The depacketization procedure may operate in one of the following modes, depending on the 
application needs:

—	 MPU mode: in the MPU mode, the depacketizer reconstructs the full MPU before forwarding it to the 
application. This mode is appropriate for non-time critical delivery, i.e. the MPU’s presentation time 
as indicated by the presentation information document is sufficiently behind its delivery time.

—	 Movie Fragment mode: in the Fragment mode, the depacketizer reconstructs a complete fragment 
including the fragment metadata and the “mdat” box with media samples before forwarding it to the 
application. This mode does not apply to non-timed media. This mode is suitable for delay-sensitive 
applications where the delivery time budget is limited but is large enough to recover a complete 
fragment.

—	 MFU mode: in the media unit mode, the depacketizer extracts and forwards media units as fast as 
possible to the application. This mode is applicable for very low delay media applications. In this 
mode, the recovery of the MPU is not required. The processing of the fragment media data is not 
required but may be performed to resynchronize. This mode tolerates out of order delivery of the 
fragment metadata MFUs, which may be generated after the media units are generated. This mode 
applies to both timed and non-timed media.

Using the MFU sequence numbers, it is relatively easy for the receiver to detect missing packets and 
apply any error correction procedures such as ARQ to recover the missing packets. The payload type 
may be used by the MMT sending entity to determine the importance of the payload for the application 
and to apply appropriate error resilience measures.

9.4.3	 Delivering generic objects

9.4.3.1	 Basic principles for GFD and applications

The files delivered using the GFD mode may have to be provided to an application, for example, 
presentation information documents or a Media Presentation Description as defined in ISO/IEC 23009-1 
may refer to the files delivered using MMTP as GFD objects.

The file shall be referenced through the URI provided or derived from Content-Location, either 
provided in-band as part of an entity header or as part of a GFDT.

In certain cases, the files have an availability start time in the application. In this case, the MMTP 
session shall deliver the files such that the last packet of the object is delivered such that it is available 
latest at the receiver at the availability start time as announced in the application.

Applications delivered through the GFD mode may impose additional and stricter requirements on the 
sending of the files within a MMTP session.

9.4.3.2	 MMT sending entity operation

9.4.3.2.1	 General

If more than one object is to be delivered using the GFD mode, then the MMT sending entity shall use 
different TOI fields. In this case, each object shall be identified by a unique TOI scoped by the 
packet_id and the MMT sending entity shall use that TOI value for all packets pertaining to the same 
object.

The mapping between TOIs and files carried in a session is either provided in-band or in a GFDT.

The GFD payload header as defined in 9.3.3.4 shall be used. The GFD payload header contains a CodePoint 
field that shall be used to communicate to a MMT receiving entity the settings for information that is 
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established for the current MMTP session and may even vary during a MMTP session. The mapping 
between settings and CodePoint values is communicated in the GFDT as described in 9.3.3.2.2.

Let T  >  0 be the Transfer-Length of any object in bytes. The data carried in the payload of a packet 
consists of a consecutive portion of the object.

Then, for any arbitrary X and any arbitrary Y > 0 as long as X + Y is at most T, an MMTP packet may be 
generated. In this case, the following shall hold:

a)	 The data carried in the payload of a packet shall consist of a consecutive portion of the object 
starting from the beginning of byte X through the beginning of byte X + Y.

b)	 The start_offset field in the GFD payload header shall be set to X and the payload data shall be 
added into the packet to send.

c)	 If X + Y is identical to T,

—	 the payload header flag B shall be set to “1”

else

—	 the payload header flag B shall be set to “0”.

The following procedure is recommended for a MMT sending entity to deliver an object to generate 
packets containing start_offset and corresponding payload data.

a)	 Set the byte offset counter X to “0”.

b)	 For the next packets to be delivered, set the length in bytes of a payload to a value Y, which is

1)	 reasonable for a packet payload (e.g. ensure that the total packet size does not exceed the MTU),

2)	 such that the sum of X and Y is at most T, and

3)	 such that it is suitable for the payload data included in the packet.

c)	 Generate a packet according to the rules 1) to 3) above.

d)	 If X + Y is equal to T,

—	 set the payload header flag B to “1”

else

—	 set the payload header flag B to “0”

—	 increment X = X + Y

—	 go to 2.

The order of packet delivery is arbitrary, but in the absence of other constraints, delivery with increasing 
start_offset number is recommended.

NOTE	 The transfer length may be unknown prior to sending earlier pieces of the data. In this case, T can be 
determined later. However, this does not affect the sending process above.

Additional packets may be sent following the rules in a) to c) from above. In this case, the B flag shall 
only be set for the payload that contains the last portion of the object.

9.4.3.2.2	 GFD payload

The bytes of the object are referenced such that byte 0 is the beginning of the object and byte T-1 is the 
last byte of the object with T as the transfer length (in bytes) of the object.
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The data carried in the payload of an MMTP packet shall consist of a consecutive portion of the object 
starting from the beginning of byte X and ending at the beginning of byte X + Y where

—	 X is the value of start_offset field in the GFD payload header, and

—	 Y is the length of the payload in bytes.

Note that Y is not carried in the packet, but framing shall be provided by the underlying transport 
protocol.

9.4.3.2.3	 GFD table delivery

When the GFD mode is used, the GFD table (GFDT) shall be provided. A file that is delivered using the 
GFD mode, but not described in the GFD table is not considered a “file” belonging to the MMTP session. 
Any object received with an unmapped CodePoint should be ignored by the MMT receiving entity.

The delivery of the GFD table in the MMT signalling message is defined in 10.5.4.

Other ways of delivery of the GFD table may be possible, but are outside the scope of this document.

9.4.3.3	 MMT receiving entity operation

The GFDT may contain one or multiple CodePoints identified by different CodePoint values.

Upon receipt of each GFD payload, the receiver proceeds with the following steps in the order listed.

a)	 The MMT receiving entity shall parse the GFD payload header and verify that it is a valid header. If 
it is not valid, then the GFD payload shall be discarded without further processing.

b)	 The MMT receiving entity shall parse the CodePoint value and verify that the GFDT contains 
a matching CodePoint. If it is not valid, then the GFD payload shall be discarded without further 
processing.

c)	 The MMT receiving entity should process the remainder of the payload, including interpreting 
the other payload header fields appropriately and using the start_offset and the payload data to 
reconstruct the corresponding object as follows.

1)	 The MMT receiving entity can determine from which object a received GFD payload was 
generated by using the GFDT and by the TOI carried in the payload header.

2)	 Upon receipt of the first GFD payload for an object, the MMT receiving entity uses the Maximum 
Transfer Length received as part of the GFDT to determine the maximum length T′ of the 
object.

3)	 The MMT receiving entity allocates space for the T′ bytes that the object may require.

4)	 The MMT receiving entity also computes the length of the payload, Y, by subtracting the 
payload header length from the total length of the received payload.

5)	 The MMT receiving entity allocates a Boolean array RECEIVED[0..T′-1] with all T entries 
initialized to false to track received object symbols. The MMT receiving entity keeps receiving 
payloads for the object block as long as there is at least one entry in RECEIVED still set to false 
or until the application decides to give up on this object.

6)	 For each received GFD payload for the object (including the first payload), the steps to be taken 
to help recover the object are as follows.

i)	 Let X be the value of the start_offset field in the GFD payload header of the MMTP packet 
and let Y be the length of the payload, computed by subtracting the MMTP packet and GFD 
payload header lengths from the total length of the received packet.
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