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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commis

sion) 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 field of information technology, ISO and IEC have established a joint technical committee,

ISO/IEC
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Attention is drawn to the possibility that some of the elements of this document mdy be the subjeqt

of pater]
rights. I
Introdu

For an
express
World T

URL: www.iso.org/iso/foreword.html.

JTC 1.

cedures used to develop this document and those intended for its further maintenangé are
d in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fqr
rent types of document should be noted. This document was drafted in accordaice with the
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

t rights. ISO and IEC shall not be held responsible for identifying d@ny“or all such patent
etails of any patent rights identified during the development of the. decument will be in the
tion and/or on the ISO list of patent declarations received (see wwwriso.org/patents).

e name used in this document is information given for the convenience of users and does nqt
e an endorsement.

bxplanation on the voluntary nature of standards, the{meaning of ISO specific terms anfd
ons related to conformity assessment, as well as information about ISO’s adherence to t
Fade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the followi

This ddcument was prepared by Technical Committee ISO/IEC JTC 1, Information technolog},

Subcom

This seqond edition cancels and replaces the first edition (ISO/IEC 23008-1:2014), which has beeh
technicqlly revised. It also incorporates.-the’Amendment ISO/IEC 23008-1:2014/Amd 1:2015 and the

Technic

The mai

— editprial integration of ASO/IEC 23008-1:2014/Amd 1:2015, ISO/IEC 23008-1:2014/FDAmd 2,

ISO
— min|

Alist of

Vi

mittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

1] Corrigendum ISO/IEC 23008-1:2014/Cor 1:2015.

h changes compared to the-previous edition are as follows:

IEC 23008-1:2014/€o¥'1:2015 and ISO/IEC 23008-1:2014/CD COR 2;
or editorial correetions (for example, numbering in Tables and Figures).

b1l parts in‘the ISO/IEC 23008 series can be found on the ISO website.
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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, “code
data” includes both timed audiovisual media data and non-timed data.

d media

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

donsideration.

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

—+ thelogical model to construct contents composed of components from various’sources, for ¢
components of mash-up applications;

-+ the formats to convey information about the coded media data, to endble delivery layer prd
such as packetization;

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

+ the format of the signalling messages to manage delivery and consumption of media conte}

gnd-to-end delay of each packet from the sending entity to the receiving entity, have beentaken into

delivery

bxample,

cessing,

packet-
multiple

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

[his document specifies MPEG media transport (MMT) technologies, which-include

h single

gncapsulation format, delivery protocols and signalling messages for transport and delivery of

ultimedia data over heterogeneous packet-switched networks for multimedia services.
Jacket-switched networks supported by this document include bidirectional/networks such as
Hrotocol (IP) networks and unidirectional networks such as digital broadeast networks (whicl

ay not use the IP).

[he technologies specified by this document belong to one of three functional areas of MM’
drocessing unit (MPU) format, signalling messages and delivery protocol.

[he MPU format specifies the “mpuf” branded ISO-based/niedia file format (ISOBMFF) encap
Hoth timed and non-timed media contents. The MPUformat is a self-contained ISOBMFF s
gnabling independent consumption of media data, which hides codec-specific details from the
flinction.

[he signalling functional area specifies the-formats of signalling messages carrying infd
fpr managing media content delivery and\‘¢onsumption, e.g. specific media locations and
donfiguration of media contents.

[he delivery functional area specifies the payload formats that are independent of media ap
types, which allow fragmentation and aggregation of contents encapsulated as specified

Types of

Internet
L may or

[ media

sulating
fructure
delivery

rmation
delivery

1d codec
by this

document for delivery using.packet-switched oriented transport protocols. The delivery functional

drea also provides an application layer transport protocol that allows for advanced delivery
cdontents.

Normativereferences

[he following/documents are referred to in the text in such a way that some or all of their
donstitutes, réquirements of this document. For dated references, only the edition cited app
ndated references, the latest edition of the referenced document (including any amendments)

IBO/IEC 14496-12:2015, Information technology — Coding of audio-visual objects — Part 12:

bf media

content
lies. For
applies.

SO base

edia file format

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.

© ISO/IEC 2017 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

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

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
multimgdia presentation

[Y)

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

3.14
encoding symbol
unit of data generated by the encoding process

3.1.5
encoding symbol block
set of enfoding 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 sgurce flow (3.1.11) and one or more associated FEC repa
flows (3{1.9)

3.1.8
FEC payjload ID
identifigr that identifies the contents of an MMTP packet (3.1.20) with respect to the MMT FEC schemle
(3.1.16)

S

3.19
FEC reppir flow
data floy carrying tepair symbols to protect an FEC source flow (3.1.11)

3.1.10
FEC reppirpacket
MMTP placket (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

2 © ISO/IEC 2017 - All rights reserved
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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
cadec agnostic

1.15
MT entity
ftware and/or hardware implementation that is compliant to a profile of MMT

A1.16

MT FEC scheme
rward error correction procedure that defines the additional protocol aspects required to usg an FEC
scheme in MMT

1.17

MT protocol

MTP

plication layer transport protocol for delivering MMTP paylaad (3.1.22) over IP networks

1.18
MT receiving entity
MT entity (3.1.15) that receives and consumes megdia‘data

1.19
MT sending entity
MT entity (3.1.15) that sends media data te one or more MMT receiving entities (3.1.18)

1.20
MTP packet
rmatted unit of the media data te'be delivered using the MMT protocol (3.1.17)

A1.21
MTP packet flow
quence of MMTP packets (3.1.20) with same MMT sending entity (3.1.19) and MMT receivifg entity

1.22
MTP payload
fprmatted unit of media data to carry Packages (3.1.26) and/or signalling messages using either the
MT pretecol (3.1.17) or an Internet application layer transport protocols

XAMPLE 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 2017 - All rights reserved 3
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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 §ymbol block
set of repair symbols (3.1.29) which can be used to recover lost source symbols (3<1:338)

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 solirce symbols (3.1.33) generated froma single source packet block (3.1.32)

3.1.35
timed data
data thaft has inherent timeline jinformation for the decoding and/or presentation of its media content$

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

Note 1 toentry: 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

4 © ISO/IEC 2017 - All rights reserved
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AVC advanced video coding

CLI cross layer interface

CRI clock relation information

DCI device capability information
GFD generic file delivery

HRBM hypothetical receiver buffer model
HTTP hypertext transfer protocol
ISOBMFF [SO-based media file format
[A-FEC layer aware forward error correction
IR license revocation

IS license signalling

NIPI media presentation information
NIC measurement configuration
NFU media fragment unit

NIMT MPEG media transport

NIMTP MMT protocol

NP MMT package

NPU media processing unit

MTU maximum transmission unit
NVC multi-view video coding

NAM networKabstraction for media
NTP network time protocol

HA package access

HID packet identifier

HTP precision time protocol

RAP random access point

RTP real-time protocol

SDP session description protocol

SI security information

SSWR security software request

SvC scalable video coding

© ISO/IEC 2017 - All rights reserved 5
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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 follgwing convention applies in this document.

— The|Big Endian number representation scheme is used.

5 Ove¢rview

This do¢ument defines a set of tools to enable advanced media transport and delivery services. Thie
tools spread over three different functional areas: media processing unit (MPU) format, delivery angd
signalling. Even though the tools are designed to be efficiently used together, they may also be usefd
indepenfently regardless of the use of tools from thé-other functional areas.

The medlia processing unit (MPU) functional area defines the logical structure of media content, thie
Package|and the format of the data units to be processed by an MMT entity and their instantiation with
the ISO-pased media file format as specifiedin ISO/IEC 14496-12. The Package specifies the components
comprisfng the media content and the‘relationship among them to provide necessary information fqr
d
d

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.

6 © ISO/IEC 2017 - All rights reserved
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Signalling messages

MMT protocc!

-----------

S et

] : defined by 150/1EC 23008-1$ -ﬂ - referenced by 1S0/IEC 23008-1
— Q@
i1 :outof scope of ISO/IEC 23008-1 (examples)
P \O
Figure 1 —c}\ﬁdT functional areas, tools and interfaces

-

igure 2 depicts the end-tc@ a{rchitecture for this document. The MMT sending entity is res
br sending the Packageq.rE he MMT receiving entity as MMTP packet flows. The sending en

O =h

Package provi and content providers may be co-located. Media content is provided as
hat is segmeQ@ into a series of encapsulated MMT processing units that forms a MMTP pack

[l >

o

he MM acket flow of such content is generated by using the associated transport charag
hformation. Signalling messages may be used to manage the delivery and the consumption of P

—

T @document defines the interfaces between the MMT sending entity and the MMT receivin

ponsible
tity may

e required to gather-contents from content providers based on the presentation informatign of the
ackage that is pro@ by a Package provider.

hn Asset
bt flow.

teristics
ackages.

g 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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______________

Package
provider

MMT sending
7

entity

MMTP

)

Asset, PI, etc.
MMT receiving

entity

MMT signalling

Asset
fdrovider

An MMT receiving entity operates at one or more MMT functional areas. An exemplary MMT receivinig

entity afchitecture is shown in Figure 3.

The MMT protocol (MMTP) is used to receive and’de-multiplex the streamed media based on the
packet] idand the payload type. The de-capsulation procedure depends on the type of payload that js
carried find is processed separately and thus, isnot shown here.

The prepentation engine layer is responsible for setting up the multimedia scene and referencing thie

Figure 2 — End-to-end architectur’e of MMT

content fhat is received using the MMT pretocol.

© ISO/IEC 2017 - All rights reserved
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Presentation engine

a4 o = o

QL —

n

A

File processor Media processor Signalling messages
processor
1 1 1
| I I
Generic object MPU Signalling messages
reconstruction reconstruction reconstruction
MMT protocol

i Delivery layer

I T

) MMT data model

.1 General

he MPU, Asset and Package using signalling messages.

¢

Figure 3 — Example.of MMT receiving entity

his clause introduces the logical data model assumed for the operation of the MMT protocol. T
rotocol provides both streaming delivery and download delivery of coded media data. For st
elivery, MMT protocol.assumes the specific data model including MPUs, Assets and Package. T|
rotocol preserves the-data model during the delivery by indicating the structural relationship

he collection ofthe encoded media data and its related metadata builds a Package. The Packag
elivered frem one or more MMT sending entities to the MMT receiving entities. Each piece of
hedia datasof a Package, such as a piece of audio or video content, constitutes an Asset.

n Asset is associated with an identifier which may be agnostic to its actual physical location o
rovider that is offering it, so that an Asset can be globally and uniquely identified. Assets with

he MMT
reaming
he MMT
s among

e may be
encoded

" service

lifferent

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.

© ISO/IEC 2017 - All rights reserved
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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 Assef contains encoded media data such as audio or video or a web page. Media data can be eithdr
timed orf non-timed.

MPU MPU |+ +| MPU

1
|
i
i Package i) A A :
: LA ! / \ |
HE i 1
I HE ; H \ s \,
: i | Presentation | 7 Asset™ “Asset ™ '
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]
i
I Asset AsSet Asset ]
|
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1 !
i ]
1 1
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i 1
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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 combihation of HTML5 and composition information (CI) documentfs
specifiefl in ISO/IEC 23008-11 isan-example of P documents. In addition, media presentation descriptiop
(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 erder of Assets in a Package. A Pl document shall be delivered either as o
or more|signalling messages defined in this document (see 9.3.3) or as a complete document by so
means that is not specified in this document. In the case of broadcast delivery, service providers m
decide tp carousel PI"documents and determine the frequency at which carouseling is to be performed.

Asset dglivery.characteristics (ADC) shall provide the required QoS information for transmission ¢f
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
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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 overlaps 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.

4  Media processing unit (MPIN
r (=] Y 7

o>y

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

Q

Hrocessing of an MPU by an MMT entity includes encapsulation/de-capsulation ardjpacketization/de-
fdacketization. An MPU may include the MMT hint track indicating the boundanies’of MFUs fof media-
ware packetization.

o8]

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

1

or packetization purposes, an MPU may be fragmented into dataunits that may be smaller|than an
ccess Unit (AU). The syntax and semantics of MPU are not dependent on the type of media datg carried
n the MPU.

— N

NPUs of a single Asset shall have either timed or non-timedmedia.

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

or any Asset with asset id X that depends\on Asset with asset id Y, the m-th MPU of the
sset with asset id Xand the n-th MPU-ofthe Asset with asset id Y shall be non-oveflapping
henever m is not equal to n, i.e. no samplé in the m-th MPU of Asset with asset id X |s inside
the time interval defined by the sample boundaries of the n-th MPU of Asset with asset| id Y.
dditionally, if the “sidx” box is present, the media intervals defined by the “sidx” box shall be non-
verlapping, i.e. no media sample iirthe k-th media interval (defined by the “sidx” box) in ap MPU is
inside the time interval defined by'the sample boundaries of the j-th media time interval (dgfined by
the “sidx” box) for 7 different from k. In the absence of an “sidx” box, the concatenation of the j-th
PU of Asset with asset 3d Y with the j-th MPU of the Asset with asset id X withoutjits MPU
hetadata results in a valid MPU. When a “sidx” box is present, the concatenation of the k—tjh media
nterval (defined by thiey's idx” box) of the j-th MPU of Asset with asset id Y with the k-th media
hterval (defined by-the “sidx” box) of the j—th MPU of the Asset with asset id X folloying the
netadata of the MPU with asset id Y resultsina valid MPU.

— e e

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

o o

AnMPU shall be identified by an associated Asset identification (asset id) and a sequence nymber.

An MPU that contains timed media shall have at least one stream access point (SAP) as defined in
ISO/IEC 14496-12:2015, Annex I. The first access unit of an MPU shall be a 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
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from different Assets that are provided by the PI document. In this example, the Pl 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 “e1st” 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.

Asset #3

Asset #2 \ ’

N
oo s
N AN ;

Presentation timeline t

Asset #1

Figure 5 — Example of mapping MPUs to;the presentation timeline

v

An MPU[that contains non-timed media data may designate one data item as the primary data item 4
defined n ISO/IEC 14496-12:2015, 8.11.4.

6.5 Agset delivery characteristics

6.5.1 [General

The assg¢t delivery characteristic:\(ADC) describes the QoS requirements and statistics of Assets fdr
delivery] Each Asset in a Package shall be associated with an ADC. The ADC for each Asset is used by
an MM sending entity tocderive the appropriate QoS parameters and the transmission parameterfs
to which a resource reservation and a delivery policy may apply. The ADC is represented in jp
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 elemert
andabitstreammdescriptor element. ADC is an XML file that conforms to the schema in 6.5.3. Thie
MIME ty{pe 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

Thebitstream descriptor elementprovides the statistics of the Asset. It provides the parameters
to implement token bucket traffic shaping such as sustainable rate and buffer size. In addition, peak
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rate and maximum MFU size represent burstiness of the Asset as shown in Figure 6, where burstiness

is defined as a ratio between a peak rateand sustainable rate.

— buffer_size [bytes]
Bitrate [~ 7 / ----------- peak_rate [bits per sec]
[kbps] ;;4/4/
AW
;///’ ,4: cuctainablerateIhit parcac]
— — sustainable—rate-fbitper-seel
| |
7] Time [sec]

T— MFU_period [ms]

A max_MFU_size [Kbits] = MFU_period X peak-rate

Figure 6 — bitstream_descriptor depicted fol; a variable bit-rate of Asset

4.5.3 Syntax

complexType name="AssetDeliveryCharacteristic">
<sequence>
<element name="QoS descriptor"\\fype="mmt:Q0S descriptorType" />
<element name="Bitstream descriptor" type="mmt:Bitstream descriptorType”/>
</sequence>
/complexType>

complexType name="QoS descriptorType">
<attribute name=" loss, talerance " type="integer"/>
<attribute name="jittes‘sensitivity" type="integer"/>
<attribute name="class of service" type="boolean"/>
<attribute name="Ridrection indicator" type="boolean"/>
/complexType>

complexType name="Bitstream descriptorType">
<choice>

<compl&xType 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>

© ISO/IEC 2017 - All rights reserved
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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 I'his Asset allows lossy delivery.

—

jitter sensitivity - indicates the required jitter level of the underlying delivery network fd
the Assqt delivery between end-to-end. The value of the jitter sensitivity attribute is'listed i
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 bitstrear
in a particular way. For example, media aware network element~(MANE) can manage each type (
bitstream in a particular way. This field indicates the type of bitstréam attribute as listed in Table 3.

==

Table 3 — Value of class_of_service attribute

Value Description

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

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
conferencing, streaming service, etc.

—

Bidirgction indicator -{f setto “1”, bidirectional delivery is required. If set to “0”, bidirectionz
delivery|is not required.

Bitstream descripfepVBRType - when class_of service is “1r,
“Bitstfeam descriptorVBRType” shall be used for “Bitstream descriptorType”.

Bitstream desgriptorCBRType - when class of service is “0
“Bitstfeam @eScriptorCBRType” shall be used for “Bitstream descriptorType”.

sustainable rate - defines the minimum bit rate that shall be guaranteed for continuous deliverly

Of the A'*onf Tha ciiot o2 17 ot caorrasnondstatha drain vata in tha tolban huclatr mandal Th
SOttt C—Sttro Tt T o= E=n— CoO T e p oS —Tto—+trtt—ttratrr ottt Ct oKt ua it otat 11t

sustainable rateis 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 rateandthebuffer size shallbelargeenough
to avoid overflow. The buffer size corresponds to bucket depth in the token bucket model. The
buffer size ofaconstantbitrate (CBR) Assetshall be zero. The buffer sizeisexpressed inbytes.

peak rate - defines the peak bit rate during continuous delivery of the Asset. The peak rateisthe
highest bit rate during every MFU period. The peak rate is expressed in bits per second.
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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 periodis 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 bytes.

6.6 Bundle delivery characteristics

.6.1 General

he bundle delivery characteristics (BDC) describe the QoS requirements and statistics'of the

b Bundle

fpr delivery. Each Bundle in a Package shall be associated with a BDC. The BDC for each Bundle is

sed by an MMT sending entity to derive the appropriate QoS parameters and.the tran;
arameters to which a resource reservation and a delivery policy may apply. The.BDC is repres
protocol agnostic format to be generally used by QoS control service entity défined by other g
evelopment organizations, such as IETF, 3GPP, IEEE, etc. It consists of a Qo% descriptor
nd abitstream descriptor elementas defined in ADC.

4.6.2 BDC descriptors

4.6.2.1 Qos descriptor

The QoS descriptor element defines required QoS lévels on delay and loss for Bundle de
gonsists of the loss tolerance attribute, jitter séensitivity attribute,class of s
attribute and bidirection indicator attribute.

(@)

.6.2.2 Bitstream descriptor

he bitstream descriptor element-provides the statistics of the Bundle. It prov
arameters to implement token bucket:traffic shaping such as sustainable rate and buffer
ddition, peak rate and maximum MFU-size represent the burstiness of the Bundle where burg
efined as aratio between apeak jrate and sustainable rate.

Q.0 T

(@

.6.3 Syntax
?xml version="1.0" encoding="UTF-8"?>

xs:schema xmlns:ksy¥ http://www.w3.0rg/2001/XMLSchema”targetNamespace="mmt">
<xs:element(name="BundleDeliveryCharacteristic" type="mmt:
HundleDeliveryCharacteristicType">
<xdryettribute name="MMT package id" type="xs:string”/>
</xs:elément>

<xsicomplexType name="mmt:BundleDeliveryCharacteristicType">
<xs:sequence>
<xs:element name="Bundle" type="mmt:BundleType"

mission
ented in
tandard
element

livery. It
crvice

des the
size. In
tiness is

minelccurs="1" mavOccurs="unhounded"

</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”/>

© ISO/IEC 2017 - All rights reserved
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</xs:complexType>
<xs:complexType name="mmt:QoS descriptorType">

<xS:

<xSs
<xSs

attribute name="loss tolerance" type="xs:integer”/>

rattribute name="jitter sensitivity" type="xs:integer”/>
rattribute name="class_ of service" type="xs:boolean”/>

<xs:
<xs:

attribute name="distortion levels" type="xs:integer”/>
attribute name="bidrection indicator" type="xs:boolean”/>

</xs:complexType>

<xs:complexType name="Bitstream descriptorType">

<xSs:

choice>
:complexType name="RBitstream descriptorVBRRType"

<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:integerl/>
<xs:attribute name="mfu period" type="xs:integen’/>

</xs:complexType>

</xs:choice>

</xp:complexType>

</xs:schema>
</xml>

6.6.4 Semantics

loss_ folerance - indicates the required loss tolerance’of the Bundle for the delivery. The value g

the losp tolerance attribute is listed in Table 4.

Table 4 — Value of loss_tolerance attribute

Value Description

0

This Bundle requires lossléss’'delivery.

1

This Bundle allows lossydelivery.

jitter sensitivity - indicates'the required jitter level of the underlying delivery network for thie
Bundle felivery between end-to-end. The value of the jitter sensitivity attribute is listed i

Table 5.

Table 5 — Value of jitter_sensitivity attribute

Value Description

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

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

n

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.

16
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Table 6 — Value of class_of_service attribute

Value Description

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

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
r‘nnﬂnrpn(‘ing cfrﬁnming service _etc

Q. 0

wul

«]
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«]
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—

idirection indicator - If setto “1”, bidirectional delivery is required. If set to “0”/bidix
elivery is not required.

itstream descriptorVBRType - when class of servi@é¢ is
Bitstream descriptorVBRType” shall be used for “Bitstream descriptérType”.

itstream descriptorCBRType - when class of sefvice is
Bitstream descriptorCBRType” shall be used for “Bitstream deseriptorType”.

ustainable rate - defines the minimum bit rate that shall be gharanteed for continuous
f the Asset. The sustainable rate corresponds to the drainwrate in the token bucket mg
ustainable rate isexpressed in bytes per second.

uffer size - defines the maximum buffer size for delivery of the Bundle. The buffer absorh
stantaneous bit rate higher than the sustainable "ate and the buffer size shall
nough to avoid overflow. The buffer size correspends to bucket depth in the token buckg
he buffer size ofa constant bit rate (CBR) Bundle shall be zero. The buffer size is ey
n bytes.

eak rate - defines the peak bit rate during continuous delivery of the Bundle. The peak |
he highest bit rate during every MFU peridd. The peak rate is expressed in bytes per secd

FU period - defines the period of MFUs during continuous delivery of the Bundle. The MFU
s measured as the time interval of §ending time between the first byte of two consecutive M]
FU periodis expressed in millisecond.

ax MFU size - indicateStthe maximum size of MFU, which is MFU period*peak ra
ax MFU_sizeisexpresSed in byte.

MT package id,—\this field is a unique identifier of the Package. This BDC describes
haracteristics of-al the possible Bundles within the scope of this package.

lement Ag8et id - isanidentifier of asset which is an element of current bundle.

undle 4 d - is an identifier of the bundle which distinguishes bundles within the package.

ectional

delivery
del. The

S excess
be large
t model.
pressed

rate is
nd.

_Jperiod
FUs. The

te. The

delivery

hfiges from “0” (highest) to “12” (lowest).

nt£al Bundle Priority - defines the relative priority level among assets within a bundl]e, which

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 ISOBMF 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

© ISO/IEC 2017 - All rights reserved
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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.

ftyp ftyp
mmpu mmpu )
moov moov
media MMT MMT hint track
track hint track
moof meta
mdat
item
* item
a)MPU with timed media b) MPU with non-timed media

Figure 7— Examptes of MPUencapsutatiom

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 “i som” brand. Support to the other brand,
such as the “dash” brand as defined in ISO/IEC 23009-1:2014, 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 “ftyp”and “moov” boxes, should contain an “mmpu” box, and may optionally contain
a “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.
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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.

d) Ifpresent, the “mmpu” box should be placed right after “ft yp” box.

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

Ih addition to the box orders, the following restrictions shall be applied to the “mguf” brand.

d) The maximum number of independent (e.g. empty “t re £” box) media tracks1in this file shall be one.
Additionally, tracks with non-empty “tref” box (e.g. hint track or SVC/SHVC enhancemg¢nt layer
tracks) may be available.

H) For timed media data, the file shall have at least one movie fragment.

d For non-timed media data, one “meta” box shall be presertiat the file level and shall cortain the
non-timed media items of the MPU.

d) Ifpresent, an Edit List Box (“e1st”) shall only provide an initial offset.

¢) Runs of sample data shall be placed in “mdat” hex; in decoding order and without any othefr 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 pladed after
sample data) so as not to change:sample offsets between before and after transmission.

A “t£dt” box should be present-inside the “traf” box of each movie fragment to provide the¢ decode
me of the first sample of themovie fragment in decoding order.

—

Fany “elst” box is availdble, the indicated offset shall be applied to the composition time of|the first
ample in the presentation order of the MPU in addition to the presentation time provided by any
resentation information.

imed media‘data are stored as a track of the ISOBMFF and indexed by the “moov” and “moo£” [boxes in
fully backward-compatible manner. An MMT hint track guides the MMT sending entity in copverting
he file.encapsulating MPU into a packetized media stream to be delivered using a transport protocol
uch.as’the MMT protocol.

W o O s M % Ml avel

Non<timed media data are stored as metadata items that are described hy a “‘meta” box Thd “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 14496-12:2015, 8.11.4).

7.3 MPU box

7.3.1 Definition

Box type: “mmpu”
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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 bel
identify

ongs, as well as other information of the current MPU. The Asset identifier is used to uniquely
the Asset globally. The MPU information includes the sequence number of the MPU in the

corresponding Asset.

When it
level an
the item|

7.3.2

aligned
exte

unsi
unsi
unsi

unsi

Asse

aligned
unsi
unsi
unsi

7.3.3

1s_con

being ge

mpu_ s
an Asse
sequenc

asset |
listed in|
scheme-

is required to store the ADC together with MPU, it shall be stored in the “meta” box at the fi]le
| its presence shall be indicated through the “is adc present” flag and the MIME type ¢f
that stores the ADC.

Syntax
(8) class MPUBox

hds FullBox ('mmpu', version, 0){

bned int (1) is complete;
hned int (1) is adc present;
hbned int (6) reserved;

bned int (32) mpu sequence number;

F Identifier () ;

(8) class AssetIdentifier {

bned int (32) asset id scheme;

bned int (32) asset id length;

jned int (8) asset_id valuelasset Ad’ length];

Semantics

[72)

plete - indicates whethér this MPU has all the media samples and MFUs or not (e.g. when it i
nerated from live content).

quence numbeD - contains the sequence number of the current MPU. For the first MPU ip
[, the sequencesnumber shall be “0” and it is incremented by “1” for each following MPU. Thie
e number iSunique within an Asset.

D

id séhreme - identifies the scheme of Asset ID used in asset id value. Valid schemes ar
Table(7. There are many schemes to express identification of content. It is recommended to use

[éngth-value and not to define a new identification scheme.

Table 7 — Value of asset_id_scheme

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

asset id length -thelengthofasset 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.

20
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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 h1nt track prov1des an MMT sendlng entlty w1th hints for the fragmentatlon of an MPU into

hore MFUs may then be used to bulld an MMTP payload Medla data in the MPU are extracte and put
n an MMTP payload at transport time by the MMT sending entity. This allows an MMT sending entity
b perform fragmentation of MPUs with consideration for media-aware delivery.

o O =

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

n MMT hint track also provides hints for extracting and building of MFUs, for encapsulatipn using
he MMTP payload format. An MMTP payload may contain either MPU metadata, fragment mjetadata,
r one or more MFUs. MPU metadata shall include the “ftyp” and “mdeyv” boxes, should indude the
nmpu” box, and may include “sidx” and other boxes.

2O ot o oY

ach MFU is composed of a header and the associated media dataxThe MFU header shall be 4 copy of
he MFU hint sample and the media data is a copy of the media data that is referenced by that MFU
int sample.

joul il

p—

F fragmentation is not required, the hint track may be omitted.

An MFU is delivered in an MMTP payload of an MMEP packets.
8.2 Sample description format

§.2.1 Definition

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

§.2.2 Syntax

gligned(8) class MMTHintSampleEntry () extends SampleEntry ('mmth') {
unsigned int (16)hinttrackversion = 1;
unsigned int (lg)“righestcompatibleversion = 1;
unsigned int Iy packet id;

1) has mfus flag;
1) is timed;
6) reserved;

unsigned Ay

(1
(L
unsigned ip&(
(
unsigned. int (

.2.3—Semantics
packet id-isaunique 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.
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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.

8.3.2 Syntax

aligned|(8) class MMTHSample {

unsipned int (32) sequence number;

if (fs_timed) {
sfigned int (8) trackrefindex;
uhsigned int(32) movie fragment sequence number
uhsigned int (32) samplenumber;
uhsigned int (8) priority;
uhsigned int (8) dependency counter;
uhsigned int (32) offset;
uhsigned int (32) length;
mpltiLayerInfo();

} elpe {
uhsigned int (16) item ID;

}

aligned|(8) class multilLayerInfo extends Box ("muli") {

bit (J) multilayer flag;

bit (JJ) reservedl;

if (pultilayer flag==1) {
bt (3) dependency id;
blt (1) depth flag;
bt (4) reservedl;
bit(3) temporal id;
bliit (1) reserved2;
bt (4) quality id;
bt (6) priority id;
bit(10) view id;

}

else
bt (6) layer id;
bit(3) temporal idj
biit (7) reserved3s;

8.3.3 Pemantics

sequenices =
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 14496-12:2015, 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.
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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 14496-12:2015, 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
tfiat may not be correctly decoded without this MFU. For example, I the value of this field 1s equal to n,
then n subsequent MFUs may not be correctly decoded without this MFU.

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

L

ength - the length of the data corresponding to this MFU in bytes.

=

ultilayer flag-when setto “1” this flagindicates that detailed multiflayer information iy present
n this box.

—e

@)

ependency id - dependency identification of this MFU. If the value’of this field is a non-zefo value,
hen the data associated with this sample enhance the video by one\6r more scalability levels i at least
ne direction (temporal, quality or spatial resolution).

ot

@)

epth flag-when set to “1”, this flag indicates that the given MFU conveys the depth data of yideo.

Q

uality id - quality identification of this MFU. If this field contains a non-zero value, then the data
ssociated with this sample enhance the video by ope or more scalability levels in at least one direction
femporal, quality or spatial resolution).

job)

—

riority id - priority identification of-this MFU. If the value of this field is non-zero value, then
he data associated with this sample enhance the video by one or more scalability level in at|least on
irection (temporal, quality or spatial reselution).

[eMEndlial

—+

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

Qo o

iew id - view identification of this MFU. If the value of this field is a non-zero value, then the data
ssociated with this sample enhance the video by one or more scalability levels in at least one direction
femporal, quality orspatial resolution).

ayer id - indicates the identification of a scalable layer whose information about sdalability
imensionsdsprovided in initialization information.

(oWl =] /o

(Ve

Packetized delivery of Package

.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
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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 dpta that are encapsulated as an MPU can be packetized into MMTP. The MMTP payload formgt
is also used to packetize signalling messages. The MMTP payload format also supports fragmentatioh
and aggregation of data to be delivered.

MMTP dqupports both streaming and download modes, where the streaming mode is optimized fqr
packetized streaming of ISO-based media file formatted files (MPU mode) and the dewnload mo

allows for flexible delivery of generic files (GFD mode). In addition, MMTP enables delivery of streami?lE
support|data such as application layer forward error correction (AL-FEC) (in accordance with Annex C),
repair dpta and signalling messages.

9.2 MMT protocol

9.2.1 [General

The MM[T protocol is an application layer transport protocol thatls designed to efficiently and reliabl
transpoft Packages. The MMT protocol can be used for both' timed and non-timed media data.
supportp several enhanced features, such as media multiplexing, network jitter calculation, and Qo
indicatign. These features are designed to deliver content composed of various types of encoded medj
data mo‘te efficiently. The MMT protocol may run on t@p of existing network protocols, e.g. UDP and I
In this document, the carriage of the data formatted’in a format other than the MM TP payload forms
as specified in 9.3 is not defined.

<

-+ ¥ D N~

-

The MM[T protocol is designed to support a wide variety of applications and does not specify congestio
control.[Congestion control is left to implemeéntation.

The MM[T protocol supports the multiplexing of different media data such as MPUs from various Asset
over a s|ngle MMTP packet flow. ft\delivers multiple types of data in the order of consumption to th
receiving entity to help synchrénjzation between different types of media data without introducing
large delay or requiring largé buffer. The MMT protocol also supports the multiplexing of media dat]
and signalling messages within a single packet flow.

DO D «»n

A singlel MMTP payload) shall be carried in only one MMTP packet. Fragmentation and aggregation
are only providedby the payload format and not by MMTP itself. The MMT protocol defines twp
packetization mades, 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 mdde/déntifies data units using their role and media position inside an MPU. The MMT protocgl
support} atixed use of packets with two different modes in a single delivery session. A single packe
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
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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 MM TP packet header is set according to Table 9 (V=0) and Table 10 (V=1) to indicate that the
packetlzatlon is format aware and that the packet w1ll be dehvermg usmg the MPU mode. An MPU can

=

igure 8 and Figure 9 illustrate the structure of an MMTP packet of version 0 and version l;tespectively.

0 1 2 3
01 234567890123456789012345¢60a0y89 01

+-+-+-F-+-F-F-+-F+-F+-F+-F-F+-F+-F-F+-F-F-F-F -+ -+ -+ -+t~ + -+ -+ +T
|V=0|C|FEC|r|X|R|RES| type | packet id
+-+-+-F+-+-F+-+-+-+-F+-+-F-F+-+-F-F+-F-F-F+-F -+ -+ -+ At A+ -F+—-F+-+-+T
| timestamp

e e e et S e S e s e S A e S IE R o
| packet sequence number
e T e e e B T e ol s s R e &
| packet counter
e e e e e R e Tt i T it St S SRR R R e &
| header extensidn ot
e et T e e e R T T s T T e e e e R e e s i e SR S ey e
| payload data .
e et T T e e R T e e e R T T e i i S SR S ey e
| source FEC@ayload ID
e e R i s s e e O e ol T

+—tF—+—+—+

Figure 8 — Structure of MMTP packet (V = 0)

=

ote that MMTP does not provide-an-indication of the packet length and relies on lower layer|framing
rotocols to do this. For example;when using MMTP over UDP, the MMTP packet length is proyided by
he Length field of the UDP datagram.

(mils o

0 1 2 3
012345%w7890123456789012345¢678290]1
i a  t H e e e e B e
|[V=1|C|EECIXIRIQIFIE|BII| type | packet id
ot APA bt —F = ==+
| timestamp
i ™ e e B B e D S e e e e T e Bt ant el Sl Al S
} packet sequence number
e e e e B e e o L L e I et e S e B e e e e e
l packet counter
e T T s e e e o
lrITB | DS | TP | flow label | extension header cee
e e e N e L L e L s e e e e e L e e L e
[ payload data
+—t—t—t—F—F—t—t—F—t—t—F -ttt —F—F—F—t—F—F—F—F—F -t~ —F—F—F—Ft—+—+—
| source FEC payload ID |
=t —t—t—t—t—t—t—t—t—t—F—F—t—t—F—F—t—t—F—F—F—F—F =t~ —F—F—F—F—F+—+—+

+—+ =+ =+ — + — +

+

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

versio
to “00” t

NOTE

packet
present.

FEC t
MMTP p

NOTE
this MM

reserv

extens
field is g

RAP fla
Access B
the datal

resery

Comprs
indicate
setto “1

Indicd
header v
a refere
later use

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

If version is set to “01”, the length of type is set to 4 bits.

_counter flag (C: 1 bit)-“1"in this field indicates that the packet counter fieldis

: , N . r
ackets. 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)

If FEC_type is set to 0, it indicates that FEC is not applied to thi§ MMT packet or that FEC is applied t
' packet without adding source_FEC_payload_ID.

[=]

ed (r: 1 bit) -reserved for future use.

ion flag (X: 1 bit) - when setto “1”, thisXlag indicates that the header extensiop
resent.

g (R: 1 bit) - when set to “1”, this flag indicates that the payload contains a Randor
oint (RAP) to the data stream of that data type. The exact semantics of this flag are defined bjy
type itself.

=)

ed (RES: 2 bits) -reservedfor future use.

O

ssion flag (B: 1 I1¥) - this field is added at the beginning of the header in order t
whether or not header compression is used. When set to “0”, the full-size header is used; whe
" the reduced-size héadér is used.

-

Pt

tor flag (I:“Hbit) - thisfieldisadded to tell the receiver whether or not the current fu
vill later be used’as a reference. This field shall be set to “1” when the full header will be used a
nce. This allews receivers to discover that this header information shall be stored as it will be
d as a réeference by packets with reduced headers.

[72)

type (

9
Table 9 foryersion “00” and Table 10 defined value of payload type for version “01".

/A4 bits) - this field indicates the type of payload data. Payload type values are defined ip
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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 a generic object such as a complete MPU or an object of

generic object

another type
0x02 . . one or more signalling messages or a fragment of a signalling
signalling message
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 dataunit
0x0 MPU a media-aware fragment of the MPU
0x1 . . a generic object such as a complete MPU or an object ¢f
generic object
another type
0x2 . . one or more signalling.réssages or a fragment of a signalling
signalling message
message (see 10.2)
0x3 repair symbol a single completérepair symbol (see C.4.3)
0x4 ~ 0x9 reserved for ISO use for ISO use
0xA ~ OxF |reserved for private use for private\use
Hacket id (16 bits) - thisfield is an integer-¥alue that can be used to distinguish one Asset from

dnother. The value of this field is derived from,the asset id of the Asset where this packet|belongs
tp. The mapping between the packet id apdithe asset id is signalled by the MMT Packajge Table
as part of a signalling message (see 10.3.4).\Séparate value will be assigned to signalling messages and
HEC repair flows. The packet id is unique throughout the lifetime of the delivery session and for all

MT flows delivered by the same MMT sending entity. For AL-FEC, the mapping between paclket id
and the FEC repair flow is providedin’the AL-FEC message.

dacket sequence numbex (32 bits) - an integer value that is used to distinguish packets that

ave the same packet id=The value of this field starts from arbitrary value and will be incrgmented
Hy one for each MMTP packet received. It wraps around to “0” after the maximum value is regched. In
the FEC repair packetfor.-FEC Payload ID Mode 1, this field shall be replaced with RS _ID.

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

dacké&r counter (32 bits) -an integer value for counting MMTP packets. It is incremented by 1

hen'an MMTP packet is sent regardless oflts packet idvalue. This field starts from arbitrary value

w—sHall have

the same setting for pa cket coun ter ﬂag (c), Wthh means that elther all packets w1ll 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
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processi

ng 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.

0 1 2 3
0123456789012345678901234561789°01
e T L e A A

type | length |

e e e S A

header extension value

e e it e e S S

type (
length

header
the scop

QoS cl
used. T
transn
class Qo
all indeq

flow id
used. Th
the flow

are temiorarily reserved during the session. A flow is-defined to be a bitsream or a group of bitstream|

whose

flow ex

“1” and ¢ne more byte can be used in extedsion header.

reliab
the datd
field sha

“transi

(e.g. signalling data, service-data or program data).

type d

Figure 10 — Structure of extension header

16 bits) -indicates the unique identification of the following header extension
(16 bits) -indicates the length of header extension value field indyte.

| extension value - provides the extension information. The format of this field is outside
e of this document.

assifier flag (Q:1bit) - when set to “1”, it indicates that QeS’classifier information 1i
ne QoS classifier contains the delay sensitivity field, fe}iability flag field, an
ission priority field.Itindicates the QoS class property. The application can perform pej
S operations according to the particular value of one property. The class values are universal tp
endent sessions.

= wn

entifier flag (F:1 bit) - when set to “1”, it indicates that flow identifier information i
e flow identifier contains the flow label field and flow extension flag field. It indicatq
identifier. The application can perform per-flow' QoS operations in which network resource

v n nu vn

twork resources are reserved according tortransport characteristics or ADC in Package.

tension flag (E: 1 bit) -ifthere are more than “127” individual flows, this bit is set tp

ility flag (r: 1 bit) = when “reliability flag” is set to “0” it shall indicate thg
| are loss tolerant (e.g. media data), and that the following “transmission priority
1l be used to indicate relative priority of loss. When “reliability flag” is set to “1”, thie
nission priority” field will beignored, and shall indicate that the data are not loss tolerarjt

<

f bitrate «4B: 2 bits) -indicates the type of bit rate as listed in Table 11.

Table 11 — Value of type_of_bitrate

delay

Value Description
00 constant bit rate (CBR)
01 non-constant bit rate (nCBR)
10~ 11 reserved

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.

28
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Table 12 — Value of delay_sensitivity

Value Description
111 conversational service (~100 ms)
110 live-streaming service (~1s)
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

ransmission priority (TP: 3 bits) - provides the transmission_priority for the media
acket, when the reliability flagis setto “0”. It may be mapped to the NRT'of NAL, DSCP| of IETF,
r other loss priority fields in another network protocol. This field shall takewalues from “7” [“1112")
b “0” (“0002”), where 7 is the highest priority and “0” is the lowest priority:.

o O S

ow label (7 Dbits) - indicates the flow identifier. The applieation can perform per-flow QoS
perations in which network resources are temporarily reserved during the session. A flow ig defined
b be a bitsream or a group of bitstreams whose network resources'are reserved according to tfansport
haracteristics or ADC in Package. It is an implicit serial number{from “0” to “127”. An arbitraryjnumber
b assigned temporarily during a session and refers to every individual flow for whom a|decoder
processor) is assigned and network resource could be reServed.

= o th

9.2.4 MMTP session description information

o |

he MMTP session description information _may be delivered to receivers in different ways to
ccommodate different deployment environments. Before a receiver is able to join an MMTP|session,
he receiver needs to obtain the following information:

o

— the destination information. In an(dP’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 informatjon:

—+ the start and eddtime of the MMTP session.
9.3 MMTPJpayload

9.3.1 <General

The . MMTP payload is a generic payload to packetize and carry media data such as MPUs) generic
1N 4 mdothai 3o Lo b oy £y " aatEiar—at D 1 inadtlha NANIT oo ot 1 Tl N i
UJC\,LD, dIiITU ULIICT TIINIUT TIIIAativll 1U1 l,UllDullllJLlUll ulral abl\asc uallls CIIC IVIIVI 1 Pl ULULUIL. T1ICT alJ 1 Oprlate
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 MM TP packets.
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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 ynits are delivered in a single MMTP packet

o

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

—

Some figlds of the MMTP packet header are interpreted differently depending on the payload type. Thie
semantifs of these fields will be defined by the payload type in use.

9.3.2 MPU mode

9.3.2.1 | General

The deljvery of MPUs to MMT receivers using the MMT protogol-requires a packetization and
depackefization procedure to take place at the MMT sending(entity and MMT receiving entity,
respectively. The packetization procedure transforms an MPU inte a set of MMTP payloads that are the
carried In MMTP packets. The MMTP payload format allows, for-fragmentation of the MMTP payload t
enable the delivery of large payloads. It also allows for the aggregation of multiple MMTP payload dat]
units inflo a single MM TP payload to cater for smaller data(units. At the receiving entity, depacketizatio
is perfofmed to recover the original MPU data. Several depacketization modes are defined to addres
the diffdrent requirements of the overlaying applications.

==

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

D =

9.3.2.2 | MMTP payload header fex MPU mode

The payload type specific headeér is provided in Figure 11.

D 1 2 3

D 1 2 3 456478 90123456789 0123456789O01
e kTR R
| length | FT |T|f i|A| frag counter |
i e e e T S e e i s S S St Skt s
\ MPU sequence number |
R e e s i T e st st e S e e T R e s S S
| DU length | DU Header

+

!

B B B B B B B e e N N g g By R Ny e R

DU payload cee
e e e e e e e e e e e e e e el e el e Al i dt d e e e e e e

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.

30 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=94d7691c29a689f0baf7e898c40bd684

ISO/IEC 23008-1:2017(E)

0 1 2 3

0123456789 0123456789012345%6789C01
+-4+-+-+-t-t-t-t-t-F-t -ttt -ttt -t -ttt -t -ttt -+ -+ -+ -+ -+ -+-+
| movie fragment sequence number |
+-4+-+-+-t-t-t-t-t-F-t -ttt -ttt -t -ttt -t -ttt -+ -+ -+ -+ -+ -+-+
| sample number |
e e ek Ak el el el el Al Tl e e e e e ek el el e ek el ek ek el ek ek el e el el e ek

g
1

M

| offset |
e i e S e s s S e bt
| priority | dep_counter |

i e e e e e e e e e e e e e e e e e T St I S Tl
Figure 12 — DU header for timed-media MFU

or non-timed media, the DU header fields are shown in Figure 13.

0 1 2 3
0123456789 01234567890123745%6789C01
s T e o e e s T A s st S e S e s s Tt ok &
| item ID
e e T e T et T et e T et et AP S AR

Figure 13 — DU header for non-timed media MFU

.3.2.3 Semantics

ength (16 bits) -indicates the length efpayload excluding this field in byte.

Table 13’— Data type and definition of data unit

PU Fragment Type (FT: 4 bits) - this field indicates the fragment type and its valid values
dre shown in Table 13.

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 medfa data
inside the mdat box but including any chunks of auxiliary shmple
information.

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

3~\I5 |[Reserved for private use reserved
Tmed Flag (T+ 1 bit) - this flag indicatesif the fragmentis from an MPU that carries timed

(value 1) or non-timed media (value 0).

Fragmentation Indicator (f i : 2 Dbits) - 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.
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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.
“117 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.

(s

aggregation flag (A: 1 bit) -when setto “1l” itindicates that more than 1 data unit is-presen
in the pgyload, i.e. multiple data units are aggregated.

fragmgnt counter (frag count: 8 bits) - this field specifies the numbek)of payload
containing fragments of the same data unit succeeding this MMTP payload. This field-shall be “0”
aggregation flagissetto “1"

=)

(s

MPU sgquence number (32 bits) -the sequence number of the MPU to witich this MPU fragmer
belongs

DU length (16 bits) - this field indicates the length of the data following this field. Whe
aggregation flag is set to “0” this field shall not be present. When'aggregation flag is set f
“1”, this ffield shall appear as many times as the number of the datalunits aggregated in the payload an
preceding each aggregated data unit.

-

[N

DU_Healder - 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 anddon-timed media as identified by the T flag.

(s

movie |fragment sequence number (32 bigs) - the sequence number of the movie fragmer
to whicl} the media data of this MFU belongs (see ISO/IEC 14496-12:2015, 8.5.5).

samplg number (32 bits) -the sample number of the sample to which the media data of the MF|
belongs|(see ISO/IEC 14996-12:2015, 8.8.8)(The sample number shall be “1” for the first sample of thee
movie flagment and shall be incremented by “1” for every succeeding sample in order of appearance ip
the “mdqt”.

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

subsample priority (griority: 8 bits)-provides the priority of the media data carried b
this MFll compared with othér media data of the same MPU. The value of subsample prioritysha
be betwpen “0” and “255",4vith higher values indicating higher priority.

—<<

(s

dependency coumber (dep counter: 8 bits) - indicates the number of data units tha
depend pn theirsmedia processing upon the media data in this MFU.

Item IID A3¢ bits) - theidentifier of the item that is carried as part of this MFU.

F h alanid “uny J «qn IR 1. 1IN ] 1 - o |
or the I'typcs U diiu 1, 1TU dUUILIUIIAT DU TIT4AUTCT 15 UTTIIITU.

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.
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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 [ETF 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.

229 CED infornaats o
AT ] O~ D IIITOT ITITacrotr

9.3.3.2.1 General

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

- packet id: the asset to which each object belongs to. Objects that belopg.fo the same dsset are
considered as logically connected, e.g. all DASH segments of a Representation and alsp across
Representations that extend over multiple DASH Periods and which cartypieces of the samefcontent.

+ Transport Object Identifier (TOI): Each object is agSociated with a unique iglentifier
within the scope of the packet id.

1 CodePoint: each object is associated with a CodePoint. A.CodePoint associates a speciffc 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

—

he GFD table provides a list of CodePoints-as defined in 9.3.3.2.3. Each CodePoint gets dynpmically
ssigned a CodePoint value. Table 15 shows the structure and semantics of the GFD table.

job)

Table 15 — GFD table

Element or attribute name Use Description
;FDTable the element carries a GFDTable
[odePoint 1..N defines all CodePoints in the MMTP session
Legend:

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

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

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

9.3.3.2.3 CodePoints

ACodePointvatue cam 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, 7.1;

— a Content-Location-Template as defined in 9.3.3.24 wusing the TOI and
packet id parameter, if present. The TOI and packet id may be used to generate the
Content-Location foreach TOl and packet id.If such atemplate is present, the processing
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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 MM TP session description.

The CodePoint semantics are described in Table 16.

Table 16 — CodePoint semantics

Elpment or attribute name Use Description
CodePolint Defines the CodePoints in a MMTP session.
Qvallue M Defines the value of the CodePoint in theMMTP

session as provided in the CodePoint.value of the
MMTP packet header containing thie GFD payload. The
value shall be between “1” and 9255”. The value “0” is

reserved.
@fileDeliveryMode M Specifies the file delivery mede according to 9.3.3.
@majkimumTransferLength M Specifies the maximum.transfer length in bytes of any
object delivered with'this CodePoint in this MMTP
session.
@cojpstantTransferLength 0D Specifies if allobjects delivered by this CodePoint
default: have constantitransfer length. If this attribute is set t
“false” TRUE, all.objects shall have transfer length as
specified'in the @maximumTransferLength
attribute.
@copptentLocationTemplate 0 Specifies a template to generate the Content-Location
of the entity header.
Entfi tyHeader 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 elem¢nts: <minOccurs>...<maxOceurs> (N=unbounded).

Elementgare bold; attributes arenen-bold and preceded with an @.

9.3.3.2.4 Content-Location template

A CodpPoint ¢may include a @contentLocationTemplate attribute. The value qf
@contgntLosationTemplate attribute may contain one or more of the identifiers listed in Table 1}

A

In each URL, the identifiers from Table 17 shall be replaced by the substitution parameter defined ip
Table 17-tdentifter-matching-iscase-sensitive - the HREcontainsunescaped-$symbots;which-dondt
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.
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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
faded 1 H “g gy o 1 | SN Nt L Ll
PP 105 dITl \.D\.Clyk, .)\.\,1\,1\,11\.\., 1.C PP 101 L,lJlCl\.\.LA vviIilil d INULU G}l}lll\.ﬂul\..
single “$”.
$PacketID$ This identifier is substituted with the value of the The format tag may.be prjesent.

packet idofthe associated MMT flow. If no format taghs present,

a default forfhtat tag with
width =~3I’shall be usedl.

$ToI$ This identifier is substituted with the Object The fotmat tag may be present.
Identifier of the corresponding MMTP packet
containing the GFDpayload.

Ifno format tag is present,
a défault format tag with
width = 1 shall be usedl.

9.3.3.3 File metadata

A0

.3.3.3.1 General

iles can be transported using the GFD mode of the MMT protocol. Furthermore, the GFD mode|can also
e used to transport entities where an entity is defifted according to IETF RFC 2616, section 7. An entity
onsists of meta-information in the form of entity-header fields and content in the form of an entity-
ody (the file), as described in IETF RFC 2616, séction 7.

oo o

—

his enables that files may get assigned\information by in-band delivery in a dynamic fasljion. For
xample, it enables the association of.a Centent-Location, the Content-Size, etc.

D

IS

The file delivery mode shall be sighalled in the CodePoint. The value is also specified in Table 1

Table 18 — File delivery modes for GFD

Value Description Definition
1 The transport object is a file. in9.3.3.2
2 The delivered object is an entity consisting of an in 9.3.3.3
entity-header and the file.

9.3.3.3.2.° Regular file

Ih 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.
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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.

The payload packets sent using MMTP shall include a GFD payload header and a GFD payload as shown
in Figure 14.

In some
payload

0

+
|
+
|
+
|
+
|
+

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

1 2 3

D 1 2 3 456 789012345678 9012345¢6 72848001
e e e e T Tk T T e T T S T Tt e SRS
C|L| B CP | RES | TOI |
R s s st st st st sl s s e e S O i e R SR A
TOI \ start offsek |
I e e s st e T e e T T
start offset |
R et s st sttt st sl s e e o S N R e
Generic File Delivery payload |
R T e e i st SR T SR A e RS

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” gr
“reservdd” (r) must be set to 0 by the MMT sending entity and ignored by receivers. Unless otherwise
noted, npmeric constants in this document are in de¢imal form.

9.3.3.5 | Semantics

C (1 Yit) -indicates that this is the last'packet for this session.

L (1 Yit) -indicates that this isithe last delivered packet for this object.

B (1 Yit) -indicates that this.packet contains the last byte of the object.

CodePdint (CP: 8 bi®s) - an opaque identifier that is passed to the packet payload decoder tp
convey information on-the packet payload. The mapping between the CodePoint and the actual codec
is defin¢d on a persession basis and communicated out-of-band as part of the session descriptiop
information.

RES (5 bitsy = areserved field that should be set to “0”.

Transgo®t Object Identifier (TOI: 32 bits) -the objectidentifier should be set to a unique

identifier of The generic object that is being deilivered. 1 he mapping between the object identitier 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) -thelocation of the current payload data in the object.

36
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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.

1g1 lng me go an o_he go 1n 17Zo o :Annc he \ 1ze QOthe 101 lno me

He much smaller than the MTU. The signalling message payload format provies framenta
ggregation functionality to support efficient packetization.

ges may
tion and

9.3.4.2 MMTP payload header for signalling message mode

Rigure 15 depicts the signalling message payload format header.

0 1 2 3

0123456789 012345678901234567829°071
B e e e e et st st S e S S e e
|f i| res |H|A| frag counter | MSG Jength (16+16*H) |
tot-t -ttt -t -t -ttt -ttt -t-t-t-t-t-F-F -ttt -t-t-F-t-+-+-+|+
\ MSG payload
R e s sl Tt st e et st et S e e e sl R

Figure 15 — MMTP payload headerfor signalling message mode

9.3.4.3 Semantics

The semantic of each field are as follows.

=

ragmentation Indicator (£,1: 2 bits) - contains information about fragmentafion of a
ignalling 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-¢ontains 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 ffagment.
11 Payload contains the last fragment of a signalling message.

dggregation flag (A: 1 bit) - when setto “1” indicates that more than 1 signalling m¢ssage is
dresent 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”ifaggregation flagissetto “1"

RES (4 bits) -this field contains bits that are reserved for future use and shall be set to “0”.
H (1 bit) -thisflagindicates 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 setto “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.
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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.

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

sendin antitiac ITnthao cacn of ID dactination ictha ID ~ddracc 2 d BO¥rE numbar
g entteS—rh-tae-ease- oS- aeStHhate s tRer—aaaressah epoeFeRHRBer:

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 MMT|P transport flow may carry multiple Assets. Each Asset is associated with a uniguepacket i
within the scope of the MMTP session. MMTP provides a streaming-optimized mod¢ {the MPU mode
and a file download mode (the GFD mode).

—

The Assgt is delivered as a set of related objects denoted as an object flow. The \gbject may either be a
MPU, fil¢ or signalling message.

-

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

The MMTP packet sub-flow is the subset of the packets of anntMMTP packet flow that share the samje
packet] id.The object flow is transported as an MMTP packet sub-flow.

The MP 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 |s suitable for unicast, as well as multicast media distribution. To ensure scalability ip
multicagt/broadcast environments, MMTP relies mainly on FEC instead of retransmissions for coping
with pag¢ket error.

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

a~)

MMTP tgequires the MMT receiving entity to be able to uniquely identify and de-multiplex MMT
packets|that belong to a spécific object flow. In addition, MMT receiving entities are required to b
able to {dentify packets carrying signalling messages and others carrying AL-FEC repair packets bly
interpreting the type field’of the MMTP packet header.

[}

The MMT receivingrentity shall be able to simultaneously receive, de-multiplex, and reconstruct thie
data deljvered 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
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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
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 MPI The ET field of the MMTP payload carrying a delivery data unit
df MPU metadata is set to “0x00”. The delivery data unit of movie fragment metadata consisks of the
“moof” box and the “mdat” box header (excluding any media data). The FT field of the MMTP|payload
darrying 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 awhre way.
This may, for example, be performed with the help of the MMT hint track. The FI.field of the MMTP
fdayload carrying a delivery data unit of MFU is set to “0x02”.
H
f

ach MFU is prepended with an MFU header, which has the syntax and sentantics as defined in|8.3. It is
bllowed by the media data of the MFU.

This procedure is described in Figure 16.

ftyp || mmpu || moov moof I mdat = | eesrees moof I mdat
MPU metadata Fragment| |\vry &Eﬁ ...... MFU Fragment| | vpu|| MFU| --- - MFU
metadata L metadata

Figure 16 — Payload generation for timed media

\0

4.2.1.2 Non-timed media data

he packetization of non-timed media data may also be performed in two different modes. In the MPU
brmat agnostic mode, the MPU is packetized into delivery data units of equal size (except for the Jast data
nit, of which the siz€ may differ) or predefined size according to the size of the MTU of the underlying
elivery network by tising the GFD mode as specified in 9.3.3. The type field of the MMTP packdt header
pecified in 9.2,2.js’set to “0x00” to indicate that the packetization is format agnostic mode.

w o o =h

et

h the formatagnostic 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 dat@ unit of
%‘PU metadata contains the “ftyp” box, the “moov” box, and the “meta” box and any other bgxes that

re applied to the whole MPU. The FT field of the MMTP payload carrying a delivery data unit of MPU
etadatais setto “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.
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ftyp mmpu moov meta item #1 item #2

MPU metadata MFU MFU

Figure 17 — Payload generation for non-timed media

9.4.2.2 | MMT receiving entity operation

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

— MPU mode: in the MPU mode, the depacketizer reconstructs the full MPU before forwardingitto t
application. This mode is appropriate for non-time critical delivery,i. the MPU’s presentation ti
as ipdicated by the presentation information document is suffiei€ntly behind its delivery time.

— Movie Fragment mode: in the Fragment mode, the depacketizer reconstructs a complete fragmerjt
inclpding the fragment metadata and the “mdat” box withumedia samples before forwarding it to thie
application. This mode does not apply to non-timed megdia. This mode is suitable for delay-sensitivie
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 als
possible to the application. This mode is,applicable for very low delay media applications. In thi
mode, the recovery of the MPU is not.nequired. The processing of the fragment media data is nd
reqliired but may be performed to résynchronize. This mode tolerates out of order delivery of t
fragment metadata MFUs, which may be generated after the media units are generated. This mo
applies to both timed and non-timed media.

-+ 0

=

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

> O

9.4.3 Pelivering generic objects

9.4.3.1 | Basic principles for GFD and applications

The files detivered using the GFD mode may have to be provided to an appiication, for exampile,
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 (in accordance with Annex G) 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.
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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 TOIls and files carried in a session-is either prnvir‘nr] in-bandorin a GEDT.

he GFD payload header as defined in 9.3.3.4 shall be used. The GFD payload header contains a.C

dePoint

geld that shall be used to communicate to a MMT receiving entity the settings for infgrnration that is
gstablished for the current MMTP session and may even vary during a MMTP session. The mapping
Hetween settings and CodePoint values is communicated in the GFDT as described-i9.3.3.2.2.
Ijet T > 0 be the Transfer-Length of any object in bytes. The data carried in the payload of p packet
donsists of a consecutive portion of the object.
Then, for any arbitrary X and any arbitrary Y > 0 as long as X + Y is atmest T, an MMTP packef may be
generated. In this case, the following shall hold:
d) 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.
H) Thestart offset field in the GFD payload header'shall be set to X and the payload datq shall be
added into the packet to send.
d IfX+YisidenticaltoT,
— the payload header flag B shall be set£6*“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
Hackets containing start effset and corresponding payload data.
d) Setthe byte offset cqunter X to “0”.
H) For the next packets to be delivered, set the length in bytes of a payload to a value Y, which|is
1) reasonablé for a packet payload (e.g. ensure that the total packet size does not exceed the MTU),
2) such'that the sum of Xand Y is at most T, and
3)-such that it is suitable for the payload data included in the packet.
d ““Generate a packet according to the rules 1) to 3) above.
d) IfX+YisequaltoT,
— set the payload header flag B to “1”
else
— set the payload header flag B to “0”
— incrementX =X +Y
— goto 2.
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The order of packet delivery is arbitrary, but in the absence of other constraints, delivery with increasing

start

NOTE

of fset number is recommended.

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 pavload

The byt
last byt

The dat
starting

— Xis
— Yis

Note th

protocol.

9.4.3.2.]

When tH
GFD mo
Any obijg

The deli

Other w|

9.4.3.3
The GFD

Uponre

a) The
itis

s of the object are referenced such that byte 0 is the beginning of the object and byte T-1.is thle
of the object with T as the transfer length (in bytes) of the object.

t

W carried in the payload of an MMTP packet shall consist of a consecutive portion®f'the objed
from the beginning of byte X and ending at the beginning of byte X + Y where

the value of start offset field in the GFD payload header, and

the length of the payload in bytes.

(i

it Y is not carried in the packet, but framing shall be provided, by, the underlying transpof

8 GFD table delivery

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

very of the GFD table in the MMT signalling miessage is defined in 10.5.4.

hys of delivery of the GFD table may be passible, but are outside the scope of this document.

MMT receiving entity operation
T may contain one or multiple CodePoints identified by different CodePoint values.
Ceipt of each GFD payload,the receiver proceeds with the following steps in the order listed.

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

MMT receiying entity shall parse the CodePoint value and verify that the GFDT contain
htching CodePoint. If it is not valid, then the GFD payload shall be discarded without furthe
fessing.

= Wn

b) The
am
pro

c) The
othd

MMT receiving entity should process the remainder of the payload, including interpreting thE
r-payload header fields appropriately and using the start offset and the payload data t|

reconstruct the corresponding object as follows.

1y

2)

3)
4)

42

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.

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.

The MMT receiving entity allocates space for the T’ bytes that the object may require.

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.
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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.

ii) The MMTP receiving entity copies the data into the appropriate place within the space
reserved for the object and sets RECEIVED[X ... X+Y-1] = true.

iii) Ifall T entries of RECEIVED are true, then the receiver has recovered(the entire object.

7) Once the MMT receiving entity receives a GFD payload with the B flag'setto “1”, it can dtermine
the transfer length T of the object as X+Y of the corresponding GFD payload and adjust the
boolean array RECEIVEDJ[0..T'-1] to RECEIVEDI[0..T-1].

9.4.4 Header compression for MMTP packet

9.4.4.1 General

—_

eader compression provides the method to reduce the'size of the header; techniques such as the
obust Header Compression (RoHC defined in IETF REC 3095) may be used. While such technjque can
everely reduce the size of headers, it has two majo@drawbacks.

wn_

-1 Itrelies on complex computations/coding techniques (described in protocol stacks profiles) that are
quite heavy on the receiver’s side.

+ Itisnotatransparent technique andheaders need to be entirely decoded, even when it is only to do
some filtering and most of the decoded packets are rejected.

p—

[ provides two types of headers as’follows.

- Full-size headers are senttregularly and may be used as a reference for reduced-size headers.

- Reduced-size headers contain differential information with regard to the last full-siz¢ header
received that isdnatked as a reference header.

herefore, by sending only differential information instead of full information, bits saving$ can be
chieved. Additionally, a link to the reference header packet is added in all compressed pdckets to
hake sure-that the last full header (reference) packets received is indeed the one that shall be ysed as a
efereneenSuch robustness mechanism is needed as reference packets may actually be lost.

=5 090

—

he header compressmn method apphes on the MMTP packet header For this, a bit (B) is 1ntr0duced

g eac s eade common
to the full size header and reduced size header) to 51mply 1nform whether or not the present header is
full-size or reduced size.

Then, many fields present in the full-size headers are either removed or replaced by much smaller fields
that contain enough information for the receiver to reconstruct the original full-size header field.

In order to let the receiver know that a full-size header will be used as a reference by a further reduced-
size header, an extra bit (I) is also added at the beginning of the full-size header in order to mark headers
that will be used as a reference later.

Since packet losses may also happen in the network, it is important that even when reduced-size headers
are used, it is still possible to detect and identify packet losses. Thus, a smaller sequence number is
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introduced for MMTP packets and mandates that the full-size header is used in place of the reduced-
size header whenever the reduced sequence number is about to wrap around its initial value.

Similarly, although it is costly in number of bits, the timestamp information associated to packets must
be preserved. For this, only the last 19 bits of the full-size 32 bits NTP timestamp are used. This allows
keeping the same timestamp precision with a wrap around duration of 8 s. Consequently, a full-size
header must be present at least every 8 s. Header compression of the MMTP packet is defined as shown

in Figure 18.

9.4.4.2 —Syntax

0|11 23456789 0123456789012345671839390 14

Fi{t—t—t—tF—t—F—t—t—t—t—t—t—t—t—t—t—t—t—t—F—t—F—t—F—F—t—F—F—+—+— —F
[V=1|B|X|Q|F|E|Refchecksum| delta timestamp |
TR UG USF SIS ST SR YU AR ST SO SN SR SN SV SN U SN SR S SN SO WS RS SRR, |\ WA

| packet counter |
I Bt e e e e e it e e e e e e S e e e e e e S U it st s ot

|feduced SegNum | TB | DS | TP |flow_label |exteng¥onh header..
I R e S T T Rt et et e e e D e e o e R o e e S o
[ payload data S

I e e R A e e S e e e e e e e e e Ui st it it et S S et
| source FEC payload ID |
I B e e e e T s e S e S e T o e e e e e e A

Figure 18 — MMTP with reducedlieader (B = 1)

9.4.4.3 | Semantics
The full{size MMTP packet header introduces new fields with their own semantics.

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

=}

—t

Indicgtor flag (I: 1 bit)( thisfieldisadded to tell the receiver whether or not the current fu
header Will later be used as a reference. This field shall be set to “1” when the full header will be used 4
a referefce. This allows receivers to discover that this header information shall be stored as it will be
later usgd as a reference by packets with reduced headers.

[72)

The redficed-size MMTPR/packet header introduces new additional fields with their own semantics.

Refergnce chedksum (RefChecksum: 6 bits) - containsa 6 bits checksum value that allows
the MM receiving entity to verify that the last reference MMTP packet received is indeed the onE

that shalll be tused for decompressing the current MMTP packet header. The checksum value shall b
calculatgddbased on the timestamp value and packet sequence number (total 64 bits) value of the MMT
packet with the full header to be used as reference. BSD checksum (8) algorithm is used to compute the
checksum but Reference checksumn field is set to last 6 bits of the result which is 8 bits.

delta timestamp (19 Dbits) - contains the difference between the timestamp field of the
reference full-size header and the value that would be in the current packet timestamp field if the full-
size header was used. This difference is coded in a way similar to the 19 least significant bits of an
NTP timestamp. If the difference between these two timestamps is larger than 8 s (and therefore goes
beyond the maximum duration that can be coded on 19 bits), then a packet with a full header shall be
sentin order to provide a new timestamp reference value for further packets with a reduced-size header.

reduced sequence number (reduced SegNum: 8 Dbits) - contains the 8 least significant
bits of the packet sequence number field that would be in the header if a full-size header were
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used. Since this new field is coded on 8 bits, the reduced decoder shall take into account the number of
times this field wrapped around 0 to compute the original packet sequence number value.

The reduced-size MMTP packet header also suppresses the fields that are present in the full-size header.

— The version field is suppressed as reduced-size headers shall have the same version as their
referenced header.

— The I field is suppressed, as only full-size headers shall be used as a reference.

Tha i Cl H A | £..11 H 1 A | Lolll 4 1) 4] ] | - d
I'IIC INAD J.J.Cl\j ISTTINIUVEU dS TUITTSIZT TITAUTT 5 S11dll UT STIILU WIITIITU VUL L1IT }Jay IUdu LulIItdIllo dj ran Om

access point.

9.4.4.4 MTP packet header compression rules and normative aspects

o>y

packet with a full MMTP header shall at least be sent when one of the following.conditions is met:

d) the difference between the timestamps of the current packet and the réference packet |s larger
than 8 s (and therefore cannot be coded on the 19 bits long delta timestamp field);

H) packet idisnotinthe range of 0to 255;

d the packet contains a random access point (RAP).

—_—

acket header compression is optional on MMTP sending{entities and MMTP receiving |entities.
onsequently, MMT receivers shall ignore packets withsthe' B field set to “1” if they do not|support
MTP header compression.

(an)

MTP receiving entities shall not try to decode arreduced-size header for which the full reference
eader has not been received, whether becausexthe receiver has just joined the stream or the packet
ith a full reference header has been lost. MMTP receiving entities shall always wait for packiets with
a reference header (I field set to “1”) before they can start or restart (in case of packet loss of reference
eader) the header decoding.

0 Signalling

0.1 General

this clause specifies the-signalling function of MMT. It defines a set of message formats to|be used
tp communicate signalling information necessary for the delivery and consumption of Ppckages.
[he delivery of sighalling messages using the MMT protocol is also specified in this documegnt. This
document specifi€s the message format for carrying signalling tables, descriptors or the jielivery-
elated information. A signalling table has a set of elements and attributes for specific signalling
ihformation‘A signalling table may also include descriptors that carry more detailed information.

[he following eight types of signalling messages are defined for the consumption of Packages.

oy ] D A

pe ONtain d ) dpile Nd Nnad
, including the MMT Package (MP) t

information on all
able and MPI table

ge acce

dCKd C A d06e: [
signalling tables required for Packa
(see 10.3.2).

SS

— Media presentation information (MPI) message: This message type contains an MPI table
encapsulating a whole or a subset of a presentation information document. It may also include an
MP table corresponding to the MPI table for fast Package consumption (see 10.3.3).

— MMT package table (MPT) message: This message type contains an MP table that provides all or a
part of information required for a single Package consumption (see 10.3.4).
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— Clock relation information (CRI) message: This message type contains a CRI table that provides
clock-related information used for the mapping between an NTP timestamp and an MPEG-2 system
time clock (see 10.3.5).

— Device capability information (DCI) message: This message type contains a DCI table that provides
the required device capability information for Package consumption (see 10.3.6).

— Security software request (SSWR) message: This is used to request security software for consuming
a Package or Asset by the MMT receiving entity. It can also include a PA table or an MP table (see
10.3.7).

— Lice
MM

— Lics
proy

The follq

— Hyp
info
— Mes
con

— Aut
for 4

— Aut
AR(

nse signalling (LS) message: This message carries the license information targeted to a specich
I receiving entity or group of receivers.

-

nse revocation (LR) message: This message contains the information to allow the DRM syster
ided to signal that it has revoked the license for a user or group of users.

wing nine signalling messages are defined that relate to the delivery of the Package.

othetical receiver buffer model (HRBM) message: This message type is used to provide
rmation to configure an HRBM operation (see 10.4.2); the HRBM is specified in Clause 11.

urement configuration (MC) message: This message type is used for providing information tp
igure measurement of delivery quality (see 10.4.3).

pmatic repeat-request (ARQ) configuration (AC) messageylt/provides the information requirefd
ARQ configuration (see 10.4.4).

bmatic repeat-request (ARQ) feedback (AF) message: It provides the information required fd
feedback (see 10.4.5).

—

— Rec

— NA
par

— Low
pres
hea

— HRH
de-d
104

— Ass
toc

by 111 MMT receiving entity (see 10.4.6).

bption quality feedback (RQF) message: Thigmessage type is used for measurement reportinig

feedback (MANF) message: This méssage type is used for providing information of the NAM
imeter by an MMT receiving entjty(see 10.4.7).

=

delay consumption (LDC) message: This message provides information required to decode an
ent media data by the MM receiving entity before it receives metadata such as movie fragmer
lers. (see 10.4.8).

=

|

M removal (HRBMRJ'message: This message provides information on the management of MM
apsulation buffer-depending on the operation mode of the client specified in Clause 11. (se
.9).

[}

-

bt delivery.eharacteristic (ADC) message: This message type is used for providing informatio
bnfigurethie network delivery resource (see 10.4.10).

10.2 Si

phalling message format

10.2.1 General

MMT signalling messages use a general format consisting of three common fields, one specific field
(for each signalling message type), and a message payload. A message payload carries signalling
information.

The syntax and semantics of a general signalling message format are given in 10.2.2 and 10.2.3,

respecti

vely.

XML Syntax for signalling messages is provided in Annex B (see B.1).

46
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10.2.2 Syntax

The syntax of the general format of MMT signalling messages is given in Table 20.

Table 20 — Syntax of the general format of MMT signalling messages

Syntax Value No. of bits Mnemonic
signalling message () {
message_id 16 uimsbf
version 8 uinsbf
if (message id != PA message &&
nhessage id != MPI message) {
length 16 uinmpsbf
} else {
length
} 32 uinisbf
extension
message_payload {
}

10.2.3 Semantics

essage_ 1id - this field indicates the identifier of the signalling message. Valid message iglentifier
alues are listed in Table 61.

< 3

Yersion - this field indicates the versian of the signalling message. Both the MMT sending entity and
MT receiving entity can verify whether a received message has a new version of not.

ength - this field indicates the(lenigth of the signalling message. This field for all signalling nmiessages
cept PA messages and MPI message is 2 bytes long. The length of PA messages and MPI megsages is
bytes long because it is expected that occasionally an MPI table whose length cannot be exprgssed by
2 bytes length fields. Also;nhote that a PA message includes at least one MPI table.

xtension - this field)provides extension information for signalling messages that require extension.
he content and length of this field are specified for these signalling messages.

essage pdyltad - the payload of the signalling message. The format of this field can be identified
y the value\of the message id field.

0.3 Signalling messages for Package consumption

10.3.1 General

This subclause specifies signalling messages that are used to exchange signalling information related
to Package consumption. As mentioned above, a signalling message may contain signalling tables. Each
signalling table carries information on a specific aspect of the Package, such as a Package structure,
presentation information document or clock. Signalling messages can aggregate multiple tables for
efficient signalling information exchange. For example, an MPI message delivers an MPI table only or
an MPI table and a corresponding MP table. The relationship between a message and a table is shown in

Figure 19.
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PA message MPI message MPT message SSWR message
(subset 0) (subset 0)
MPI table MP table PA table
PA table (subset 0) (subset 0)
MP table MP table
(subset 0) (subset 0)
MPI table
(subset 0) . .
MPI message MPT message
MP table (subset N) (subset N)
(subset 0) MPI table MP table
(subset N) (subset N)
MP table
CRI table (subset N)
CRI message DCI message
DCI table CRI table DClI table

F

ot 2

gure 19 — Structure of the signalling messages and tables for Package consumption

A PA mgssage shall carry a PA table, an MP table (either complete or subset 0), an MPI table (eithe
completp or subset 0) and a DCI table. A PA message niay carry a CRI table. An MPI message shall carr
an MPI table and may carry an MP table. An MPT miessage shall carry an MP table. A CRI message sha

carrya
several

Some signalling tables share the same tructure of signalling information. For efficient exchange ¢
those signalling information, a set of descriptors are defined in 10.5.

10.3.2

10.3.2.1 General

A PA mepsage carries-a‘PA table, which contains information for all other signalling tables for a Packagg.
A PA message also carries an MPI table (either complete or subset 0) and an MP table (either complet
or subsdt 0) for delivery of the minimum information for the processing of the Package.

An MMT receiving entity shall process a PA message before it processes any other signalling messagesg.

LRI table. A DCI message shall carry a DCltable. An MPI message and an MPT message can carr
ubsets of the complete information needed for efficient delivery and redundancy reduction.

PA message

< =< =

D

10.3.2.2 Syntax

The syntax of the PA message is defined in Table 21.
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}

message payload f{
(1=0;

table ()

for 1<N1;

Syntax Value No. of bits Mnemonic
PA message () {
message_id 16 uimsbf
version 8 uimsbf
length 32 uimsbf
extension {
[ numbeér of_ tablés NT 8 uims
for (i=0; i<N1l; i++) {
table id 8 wims
table version 8 uims
table length 16 uims

i+4+) {

0.3.2.3 Semantics

ct

—

—_——

bgth” - 5.

essage 1id -indicates the identifier of the.PA messages.

ersion - indicates the version of the PAymessages.

umber of tables - indieates the number of signalling tables included in this PA message.

able id - indicates thé table identifier of a table included in this PA message. It is a cop
able idfieldinthé table included in the payload of this PA message.

fable versiofzindicatesthe version of a table included in this PA message. Itis a copy of thg
eld in the tableincluded in the payload of this PA message.

ength - a 32-bit field for conveyingthe length of the PA message in bytes, counting from the b¢ginning
df the next field to the last byte of the PA message. The value “0” is not valid for this field.

y of the

version

able length - if the table is not an MPI table, it is a copy of the length field in the table inqluded in
he message payload of this PA message. If the table is an MPI table, it is the length derived
ength'and the extension length part. In this case, the derived length is a value that equals “tH

‘rom the
e actual

table () - an MMT signalling table instance. The tables in the payload appear in the same order as the
table ids inthe extension field. An PA table shall be an instance for table ().

10.3.3 MPI message

10.3.3.1 General

An MPI signalling message delivers a whole or a subset of a presentation information document. An MPI
message uses an MPI table for encapsulating presentation information documents.

© ISO/IEC 2017 - All rights reserved
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When a subset of a presentation information document is carried by an MPI message, the presentation
information document is partitioned into multiple MPI tables. MPI tables for different subsets of a
presentation information document shall have different table id values. The table id values are
allocated in a contiguous space in increasing order. The MPI table having the lowest table id value
provides the base subset among the subsets of a presentation information document and other MPI
tables for the remaining subsets of a presentation information document have different table id
values. The maximum number of MPI tables for subsets of a Pl is 15.

Each MPI message carrying a subset of a presentation information document may have a different
transmission period and include the MP table assaciated with the presentation information document

that the[MPI message carries.

10.3.3.2 Syntax

The syntax of the MPI message is defined in Table 22.

Table 22 — MPI message syntax

Syntax Value Notef bits | Mnemonic
MPI mejssage () A

mesisage _id 16 uimsbf
vejzi on 8 uimsbf
length N1 32 uimsbf
extlension {

reserved “111 111717 7 uimsbf

associated MP table flag 1 bslbf

mesjlsage payload {

MPI table()

if (associated MP_table flag) {
MP table ()

10.3.3.3 Semantics
messadge 1id - indiéates the identification of the MPI message.

versign - indicates the version of the MPI message.

—

length —indicates the length of the MPI message in bytes, counting from the beginning of the nex
field to thelast byte of the MPI message. The value “0” is not valid for this field.

associated MP table flag - if this flag is set to “1”, the MPI message also carries an associated
MP table. Whenever an associated MP table exists, the associated MP table shall be delivered by a
message together with the MPI table. Value “0” explicitly means that the previously stored MP table
in the receiving entity can be continuously used with the newly delivered MPI table. The simultaneous
delivery of the MPI table and MP table in a single MPI message helps an MMT receiving entity reduce
the signalling acquisition time for Package consumption.

MPI table ()-an MPItable defined in 10.3.8.

MP_ table () - an MP table defined in 10.3.9.
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10.3.4 MPT message

10.3.4.1 General

The MPT message carries a whole or a subset of an MP table. Subsets of MP tables can be delivered by
different MPT messages.

An MPT provides information for a single Package. A single presentation information document may
be spllt into several subsets of such document For partlal dellvery of a presentation 1nformat10n

: erenc e-described
y a subset ofan MP table. MP tables assoc1ated with dlfferent subsets shall have dlfferent £ e ids.
Jixteen (16) contiguous values from 17 are assigned to table id values for MP tables;The(value of
Hable 1id “32” (0x20) is assigned for the complete MP table.

Ih order to support efficient operation of signaling acquisition, a complete MPT «ox_a subset ¢ MPT is
dlso found as part of PA messages.

10.3.4.2 Syntax

The syntax of the MPT message is defined in Table 23.

Table 23 — MPT message syntax

Syntax Value No. of bits Mnemonic
MPT message () {
message_id 16 uimspf
version 8 uimspf
length 16 uimspf

message payload |
MP_table ()

10.3.4.3 Semantics
nessage id - indicates-the identifier of the MPT message.

jersion - indicates-the version of the MPT message. The MMT receiving entity can check thg version
df the received /message contained in this field.

length - indicates the length of the MPT message. The size of this field is 16 bits. The length of the MPT
messagesisin bytes, counting from the beginning of the next field to the last byte of the MPT message.
The value “0” is not valid for this field.

MP<table () - MP table defined in 10.3.9.

10.3.5 CRI message

10.3.5.1 General

This message carries clock-related information to be used for mapping between the NTP timestamps
and MPEG-2 STC.

To achieve synchronization between Assets that use NTP timestamps and MPEG-2 ES that uses the
MPEG-2 presentation time stamp (PTS), it is necessary to inform the relationship between the NTP
timestamp and the MPEG-2 STC to an MMT receiving entity by periodically delivering values of the
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NTP timestamp sample andthe STC sample atthe same temporal points. If more than one MPEG-

2 ES wit

h different MPEG-2 STCs are used, more than one CRI messages will be used.

10.3.5.2 Syntax

The syntax of the CRI message is defined in Table 24.

Table 24 — CRI message syntax

Syntax Yahite No-ofbits Mrremonie
CRI mefssage () {
meslsage id 16 uimsbf
Vejzion 8 uimsbf
length 16 uimsbf
meslsage payload {
CRI table()
}
}
10.3.5.3 Semantics

messadg

versio
areceiv

length
next fiel

CRI tgle () - aCRItableis defined in 10.3:10.

10.3.6

10.3.6.1

The DC
consum

10.3.6.2

The syn

e id -indicates the identifier of the CRI message.

n - indicates the version of the CRI message. An MMT receiving entity can check the version qf
bd message using this field.

- indicates the length of the CRI message, counted in bytes starting from the beginning of thie
d to the last byte of the CRI message. The value “0” is not valid for this field.

DCI message

General

message delivers a-D€I table that provides required device capabilities for the Package
btion.

Syntax

rax of the' DCI message is defined in Table 25.

Table 25 — DCI message syntax

Syntax value NoO. of bITS Mmemonic
DCI message () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload {

DCI_ table()
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version - indicates the version of the DCI message. An MMT receiving entity can check the version of

areceived message using this field.

length - indicates the length of the DCI message, counted in bytes starting from the beginning of the
next field to the last byte of the DCI message. The value “0” is not valid for this field.

d DCI table is defined in 10.3.11.
10.3.7 PA table

10.3.7.1 General

10.3.7.2 Syntax

The syntax of the PA table is defined in Table 26.

Table 26 — PA table Synitax

A PA table provides information on all other signalling tables for the consumption of a Package

eI —tabtet=provides theTequireddevice capabitities for the Package comrsumptiom—Thecgntent of

Syntax Value No. of Mnemonic
bits
PA table () |
table id 8 uinpsbf
version 8 uinpsbf
length 16 uimsbf
information table info {
number of tables N1 8 uimsbf
for (i=0; i<N1; is+) {
signalling(information_table id 8 uimsbf
signalling’/information table version 8 ui:Isbf
location” {
MMT general location_info()
i
reserved “1111 11717 7 bsllbf
alternative location flag 1 bj:bf
if (alternative location flag == 1) {
alternative location {
MMT general location_info()
}
}
}
}
reserved “1111 11717 7 bslbf
private extension_ flag 1 bslbf
if (private extension flag == 1)
private extension {
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Table 26 (continued)

Syntax Value No. of Mnemonic
bits

10.3.7.3_Semantics

table |

versio
older ve

length
the last

number
PA table|

signall
provide

signall
informa

MMT ge

providedl in this PA table. Syntax and semantics of MMT g&héral location info aredefinedin10.6.].

altern

receivinig entity can get the information table is provided.

MMT g€
an alter

id - indicates the identifier of the PA table.

n - indicates the version of the PA table. The newer version obsoletes the information“in anly
Fsion.

- indicates the length of the PA table in bytes, counting from the beginning ofithe next field tp
pyte of the PA table. The value “0” is not valid for this field.

| of tables - indicates the number of signalling tables whose informafion is provided in this

ling information table id - indicates the ID of a signalling table whose information jis
1 in this PA table.

[}

ling information table version - indicates the version of a signalling table whos
Fion is provided in this PA table.

[72)

heral location info - provides the locationgof a signalling table whose information i

ative location flag - if this flag is setfo “1”, an alternative address from where an MM[l'

=)

neral location info alterpative location - provides the information
native address from where ap"MMT receiving entity can get the signalling table. Onl

T <

locatijon type from “0x07” to “Ox0OB” shall be used in MMT general location info for
second lpcation.

private extension flag - if this flagis “1”, the private extension is present.

privatfe extension - alsyntax element group serving as a container for proprietary or application-
specific xtensions.

10.3.8 MPI table

10.3.8.1 General

An MPI tahle carries a complete or a subset of a presentation information document. In case of a suhsat

of a presentation information document, MPI tables for each subset are delivered in separate messages.

10.3.8.2 Syntax

The syntax of the MPI table is defined in Table 27.
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Table 27 — MPI table syntax

Syntax Value No. of bits | Mnemonic
MPI table () {

table id 8 uimsbf
version 8 uimsbf
length N1 16 uimsbf
reserved “1111” 4 bslbf
PI_mode Z ujmsbf
reserved “11”7 2 slbf
MPIT descriptors ({

MPIT descriptors_length N2 16 ulmsbf

for (i=0; 1i<N2; i++) {

MPIT descriptors_byte 8 ulmsbf

}
}
PI_content count N3 8 ujmsbf

for (i =0; i<N3; i++) {
PI content type {

PI_content type length N4 8 ulmsbf

for (3=0; j<N4; Jj++) {

PI_content type_length _byte 8 ulmsbf

}
PI_content name length N5 8 ulmsbf
for (3=0; J<N5; Jj++) {

PI_content name.byte 8 ulmsbf
}

PI content descriptors |

PI_content) descriptors_length N6 16 ulmsbf
for (=04 1i<N6; i++) {
PI_contnent descriptors byte 8 ulmsbf
}
}
PIcontent length N7 16 ulmsbf
for (3J=0; J<N7; Jj++) |
PI_content byte 8 ujmsbf

10.3.8.3 Semantics

table id - indicates the identifier of the MPI table. A complete presentation information document
and each subset of a presentation information document shall have distinct table identifiers. The
processing order of subsets of a presentation information (PI) document is specified by this information.
Since the table id values are assigned contiguously, the PI subset number can be deduced from this
field, i.e. the PI subset number equals this field minus the table id of the base MPI table. The number
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» o«
~

0 indicates base PI and the numbers “1
meaning since it indicates a complete PI.

14” indicate the subset of PI. The number “15” has a special

version - indicates the version of the MPI table. The newer version overrides the older one as soon as
itis received if table id indicates a complete MP], if subset 0 MPI has the same version value as this
field (when PI mode is“1”), orifall MPIs with the lower-subset number have the same version value as
this field (when PI mode is “0”), or if processing of the MPIs are independent (when PI mode is “2”).
If subset 0 MPI table has a newer version, all PIs with higher subset numbers up to 14 previously stored
within an MMT receiving entity are treated as outdated except for the independent mode. When the PI
subset numherisnot 0 and PT made is “1”, the contents of the MPI table with a version different fron
that of spbset 0 Pl stored in an MMT receiving entity shall be ignored. Also, when the PI subset number
isnot 0 pnd PI_mode is “0” the contents of the MPI table with a version different from that of fowej
subset HIs stored in an MMT receiving entity shall be ignored. It shall be modulo-256 incremehted p¢q
version fhange.

—

lengthl - indicates the length of the MPI table in bytes, counting from the beginning of €he'next field tp
the last pyte of the MPI table. The value “0” is not valid for this field.

PI mode - indicates the mode of a PI subset processing. In
“sequeptial order processing mode” and with a non-zero subsét number of this
P, an MMT receiving entity shall receive all PIs with lower subset:numbers that have the
same version as this Pl before it processes this Pl. For example,"an MMT receiving entity
cannot [process subset-3 PI, if it has not received subset-2 ,PIDwith the same version. Ih
“order|irrelevant processing mode” and with the AJdayer number of this MMT-HI
set to gon-zero, an MMT receiving entity should process a¢PlMright after it receives the PI as
long as|the subset 0 PI stored in an MMT receiving entity, has the same version as this PI. Ih
“indepgndent processing mode”, versions of each subset of Pls are managed individually.
Fragmented Pl is adapted in this mode. The value of PT méde is specified in Table 28.

Table 28 — Value of PI_mode

Value Description
00 “sequential_order_processing_mode”
01 “order_irrelevant_prgcessing_mode”
10 “independent_pracessing_mode”
11 Reserved

-

MPIT descriptors length.-indicates the length of the MPIT descriptors syntax loop. The lengt
is countpd from the next field to the end of the MPIT descriptors syntax loop. Several descriptors th3
include information on theyjwhole MPIT can be inserted in this syntax loop.

—

MPIT descriptaqrs byte -abyteinthe MPIT descriptors syntax loop.

PI conltent (&ount - indicates the number of PI contents delivered in this MPI table.

PI_content’ type_ length indicates the length of the Content type of thls PI Content excludinj
the ternii
IANA website, ie. http: //WWW iana. org/assmnments/medla tVDes

PI content type byte - a byte in the content type string of this PI content excluding the
terminating null character.

PI content name length -indicates the length of the name string of this PI content excluding the
terminating null character.

PI content name byte -abyte in the name string of this PI content excluding the terminating null
character.
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PI content descriptors length - indicates the length of the PI content descriptors syntax
loop. The length is counted from the next field to the end of the PI content descriptors syntax loop.
Several descriptors that include information in the PI content can be inserted in this syntax loop.

PI content descriptors byte -abyte in the PI content descriptors syntax loop.

PI content length -indicates the length in bytes of this PI content.

PI content byte -a byte in this PI content.

0.3.9 MP table

0.3.9.1 General

complete MP table has the information related to a Package including the list of:all Assets.
P table has a portion of information from a complete MP table. In addition, MP table subset (

minimum information required for Package consumption.

10.3.9.2 Syntax
The syntax of the MP table is defined in Table 29.

Table 29 — MP table syntax

A subset
has the

© ISO/IEC 2017 - All rights reserved

Syntax Value No. of bits | Mn¢monic
MP table() {
table id 8 sbf
version 8 sbf
length 16 uimsbf
reserved “11 1111”7 6 hslbf
MP_ table mode 2 hslbf
if ((table id == 0x20)or(table id == 0x11)) {
MMT package id { N1
MMT package id. length 8 uimsbf
for (i=0; 1i<@WLi7y i++) {
MMT pac¢kage id byte 8 uimsbf
}
}
MP table descriptors { N2
MP table descriptors length 16 uimsbf
for (i=0; 1i<N2; i++) {
MP_table descriptors byte 8 uimsbf
}
}
}
number of assets N3 8 uimsbf
for (i=0; 1i<N3; i++) {
Identifier mapping()
asset_type 32 char
reserved “1111 11”7 6 bslbf
default asset flag 1 bslbf
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Table 29 (continued)

Syntax Value No. of bits | Mnemonic
asset _clock _relation flag 1 bslbf
if (asset clock relation flag == 1) {

asset_clock relation_id 8 uimsbf
reserved “1111 111~ 7 bslbf
asset_timescale flag 1 bslbf
T (asSet_time_sScale {iag == 1) 1
asset _timescale 32 uimsbf
}
alsset location {
location count N4 8 uimsbf

for (i=0; i<N4; i++) {

MMT general location_info()

alsset descriptors {
asset_descriptors_length N5 16 uimsbf
for (3=0; J<N5; Jj++) {

asset_descriptors byte 8 uimsbf

10.3.9.3 Semantics

table |id - indicates the identifier\of the MP table. A complete MP table and each subset MP tables
shall usg different table identifiers! The subset number of the MP table is implicitly represented bjy
this fieldl. Since the table id'walues are assigned contiguously, the MP table subset number can b
deduced from this field, i.e~thé MP table subset number equals this field minus the table id of the
base MH table. The MP table’subset number provides the subset number of this MP table. The numbegr
“0” indi¢ates the base/MP’table and the numbers “1”"~“14” indicate a subset of MP table. The numbdr
“15” has|a special méaning since it indicates a complete MP table.

versidn - indicates the version of the MP table. The newer version overrides the older one as soon as
it has bgen reeeived. If the MP table mode is not set to independent mode and a subset 0 MP tabF

with a newer version number is received, all MP table subsets with a higher subset number (excludin
complete_MP _tables) that were previously stored by the MMT receiving entity shall be treated als
outdated. When the MP table subset number is not “0” and MP_table mode is “01”, the contents of the
MP table subset with a version different from that of the subset 0 MP table stored by an MMT receiving
entity shall be ignored. Also, when the MP table subset number is not “0” and MP_table mode is “0”,
the contents of the MP table subset with a version different from that of lower-subset MP table subsets
stored by an MMT receiving entity shall be ignored. The version number wraps around after reaching
“255” and shall be incremented by one for every version change.

length - contains the length of the MP table in bytes, counting from the beginning of the next field to
the last byte of the MP table. The value “0” is not valid for this field.

MP table mode - indicates the mode of an MP table subset processing when the MP table subset
mechanismisused.In“sequential order processing mode”andwithanon-zerosubsetnumber
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of this MP table, an MMT receiving entity shall receive all MP table subsets with lower subset numbers
that have the same version as this MP table subset before it processes this MP table subset. For example,
an MMT receiving entity cannot process a subset-3 MP table ifithas not received a subset-2 MP table with
the same version. In “order irrelevant processing mode” and with the subset number of this
MP table subset set to non-zero, an MMT receiving entity should process an MP table subset right after it
receivesthe MP tablesubsetaslongasthesubset0 MPtablestoredinan MMTreceivingentity hasthe same
version as this MP table subset. In “independent processing mode”, the version of each MP table
subset is managed individually. The fragmented MP table, where each MP table subset is delivered
by one of multlple MMT sendlng entities, 1s adapted in thls mode The 1ndependent mode of subsets

P table to subset N MP table are a551gned as logical channels from Ch "0" to Ch “N”. Wher an MPI
nessage carries both an MPI table subset and the associated MP table subset, the B ‘mpde in
he MPI table and the MP table mode in the MP table shall have the same value./The value of
P _table mode is specified in Table 30.

rdm e

Table 30 — Value of MP_table_mode

Value Description
00 “sequential_order_processing_mode”
01 “order_irrelevant_processing_mode”
10 “independent_processing_mode”
11 Reserved

MMT package id - this field is a unique identifier of thedPackage.

MMT package id length - the length in bytes of\the MMT package id string, excluding the
terminating null character.

MMT package id byte - a byte in the MMI* package id. When the MMT package id |byteis
string, the terminating null character is notiincluded in the string.

all

Q)

sset type - provides the type ofjAsset. This is described in a four character code (“4CL") type

egistered in MP4REG (http://www.iip4ra.org).

MP table descriptors -this field provides descriptors for the MP table.

—

ird

P table descriptoris)length - contains the length of the descriptor syntaxloop. The |ength is
dounted from the next field to the end of the descriptor syntax loop. Several descriptors can be jnserted
h this syntax loop.

—-

MP table desC¥iptors byte -one byte in the descriptors loop.
rlumber ofyassets - provides the number of Assets whose information is provided by this MP table.

Jdent ifier mapping - provides information of identifier mapping as defined in 10.6.3.

dsset clock relation flag-indicates whetheran Assetusesan NTP clock or other clock[systems
JE NN DN, o 14l £1 wqn £:.14 Lided—Hthis field i
s-the-clockreferencetthis TTagis—+, aoocp k_,J_UL,I\ reta L,J_Ull +—HieltdsineladedHthis field is

“0”, the NTP clock is used for the Asset.

asset clock relation id - provides a clock relation identifier for the Asset. This field is used to
reference the clock relation delivered by a CRI descriptor () for the Asset. The value of this field is
one of the clock relation id values provided by the CRI descriptors (see 10.5.1).

asset timescale flag-indicates whether “asset timescale” information is provided or not. If
this flag is “1”, asset_timescale field is included and if this flag is set to “0”, asset timescaleis
90,000 (90 kHz).

location count - provides the number of location information for an Asset. Set to “1” when an Asset
is delivered through one location. When bulk delivery is achieved, in which MPUs contained in an Asset
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are delivered through multi-channels, not “1” is set. When one Asset is delivered over multiple locations,
an MMT receiving entity shall receive all MPUs of the Asset from all indicated locations.

asset timescale - provides information of time unit for all timestamps used for the Asset;
expressed in the number of units in one second.

MMT general location info for asset location - provides the location information of
the Asset. General location reference information for the Asset defined in 10.6.1 is used. Only the value
of location type between “0x00” and “0x06” shall be used for an Asset location.

asset [descriptors_length - the number of bytes counted irom the beginning ol the next iield o
the end pf the Asset descriptors syntax loop.

asset |descriptors byte - specifies a byte in Asset descriptors.

[

defaullft asset flag-indicates whether an Asset is marked as a default asset or not. Iir¢ase an assq
is marked as a default asset, the MPU timestamp descriptor should be present for the.oorresponding
timed agset. If this flag is “0”, the asset is marked as a default asset.

10.3.10|CRI table

10.3.10{1 General

The CR]| table defined in Table 31 is delivered by the CRI messageAlso, it may be delivered by a PA
messagd.

10.3.10§2 Syntax

[}

The syntax of the CRI table is defined in Table 31. A CRI table may include multiple CRI descriptors (se
10.5.1).

Table 31 =~ CRI table syntax

Syntax Value No. of bits Mnemonic
CRI taple () {
table id 8 uimsbf
verlsion 8 uimsbf
lﬁth 16 uimsbf
n er_of CRI descriptor N1 8 uimsbf
for| (1i=0; i<N1gN\i++) |
CRI desctiptor() 152 uimsbf
}
}
10.3.10.3 Semantics

table id-indicates the table identifier of the CRI table.

version - indicates the version of the CRI table. The newer version overrides the older one as soon as
itis received.

length - indicates the length of the CRI table counted in bytes starting from the beginning of the
next field to the last byte of the CRI table. The value “0” is not valid for this field. This value shall be a
multiple of 19.

number of CRI descriptor -indicates the number of CRI descriptor.
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CRI descriptor ()-a CRIdescriptor as defined in 10.5.1.
10.3.11 DCI table

10.3.11.1 General

The DCI table contains information on required device capabilities for the consumption of the Package.
Depending on the MIME type of the Asset, a different set of information may be provided to support
the delivery and consumption of the Package. This document differentiates between video, audio and
ownload (applicable to non-timed data) MIME types.

10.3.11.2 Syntax
The syntax of DCI table is defined in Table 32.

Table 32 — DCI table syntax

Syntax Value No. of bits | Mnemonic
CI table() {
table id 8 uimsbf
version 8 uimsbf
length 16 ujmsbf
number of assets N1 8 ujmsbf
for (i=0; i<N1; i++) {
asset_1id()
mime type ()
reserved “111 1111”7 7 slbf
codec_complexity flag 1 Kﬂbf
if (codec complexity {lag == 1) {
if (top level-wiime type == video) {
video codec complexity {
video average bitrate 16 uimsbf
video maximum bitrate 16 ujmsbf
horizontal resolution 16 ujmsbf
vertical resolution 16 uimsbf
temporal resolution 8 uimsbf
video minimum buffer size 16 uimsbf
}
} else if (top level mime type ==
hudio) |
JUdIO _COUET _COMPIEXIty ¢t
audio_average bitrate 16 uimsbf
audio maximum bitrate 16 uimsbf
audio minimum buffer size 16 uimsbf
}
}
}
else {
download capability {
required_storage 32 uimsbf
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Table 32 (continued)

Syntax Value No. of bits | Mnemonic

10.3.11

2 (N £

amanticc
4 DCIITOITCICY

table |

versio
the DCI

length
the last

number
asset |

top 1lg
mime 4

codec |
video |
video |

video |
whole A

horizo
vertia
tempor]

video |
be avail

audio |
audio |

audio |

id - indicates the identifier of the DCI table.

n — indicates the version of the DCI table. The newer version overrides the older one as‘soon als
Fable is received.

- indicates the length of the DCI table in bytes, counting from the beginning-0fthe next field tp
pbyte of the DCI table. The value “0” is not valid for this field.

| of assets - indicates the number of Assets.
id - provides the identifier of the Asset as defined in 10.6.2.

vel mime type - indicates the media type part of the“MIME type as given in the
vpe () syntax element. MIME types are defined in RFC 2046,

complexity flag - ifthis flagis “1”, codec complexity.information is provided.
codec_complexity - indicates the complexity the video decoder has to deal with.
average bitrate -indicates the average bitrate of the video in kilo-bit/s for the whole Asset.

imaximum bitrate - indicates the maximum bitrate of the video in kilo-bit/s for thie
sset.

ntal resolution -indicatesthehorizontal resolution of the video in pixels.
al resolution -indicates the vertical resolution of the video in pixels.
al resolution -indjcates the average temporal resolution of the video in frames per second.

mimimum buffep \size - indicates the minimum size of video decoder buffer that needs tp
hble in kilo-bytes:

codec_compléxity -indicates the complexity the audio decoder has to deal with.
averade)bitrate - indicates the average bitrate in kilo-bit/s for the whole Asset.

maxifmum bitrate -indicates the maximum bitrate in kilo-bit/s for the whole Asset.

audio

processed in kilo-bytes.

downlo

: : 3 = : 1 + +1 (] : £ 1 ] 1 1 £c I DI |
IMMLITLINUID DULLELl S12Z2€ = HHIUICALCS UIT IIIIIIIIIIUIIL STZT U1 dUUI0U UTCLOUCT DUILICT TIITTUS U

ad capability -indicates the required capability for download.

required storage - indicates the size of storage in kilobytes required to download.
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10.3.12 SSWR message

10.3.12.1 General

The overall operation of downloadable DRM and CAS for MMT is described in Annex E. There are five
steps in Annex E. Among them, the message for the security software request is sent from a receiving
MMT entity to a downloadable DRM/CAS server. The message for DRM and CAS SW request is defined
in this subclause.

0.5.12.2 Syntax

The syntax of SSWR message is defined in Table 33.

Table 33 — SSWR message syntax

Syntax Value No: of bits Mné¢monic
ESWR _message () |
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload ({
token ID { uimsbf
token ID URI length N1 8 hslbf
for (i=0; i<N1; i++) {
token ID URI byte 8
} uimsbf
Number of deviceID N2 8 u;Irnsbf
for (i=0; 1<N2; 1i++) {
device ID { uimsbf
deviceID length N3 8
for (3=0; “J<N3; J++) {
dewhceID byte 8
} uimsbf
}
} uimsbf

tokenlissure ID {
tokenIssuer ID URI length N4 8
for (i=0; i<N4; i++) {

tokenIssuer URI bytes 8
} uimsbf

} 64
tokenIssueTime 64 uimsbf

tokenExpireTime

information table info ({ uimsbf
number of tables uimsbf

for (i=0; 1i<N5; i++) { N5 8

MMT signaling table id 8

MMT signaling table version 8
} uimsbf
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Table 33 (continued)

Syntax Value No. of bits Mnemonic

} uimsbf
umisbf

10.3.12
messad
versio
length

tokenI
by a trug

devics
consum

token]
D-DRM

token]
will be

tokenH
format

MMT si]
descript]

10.3.13

10.3.13

The LS
This inf

3 Semantics

e id -indicates the type of MMT signalling messages.

n - indicates the version of MMT signalling messages.

- indicates the length of MMT signalling messages. The value “0” is never used-for this field.

D - identification of a Token and is provided by the Token Provider. The Teken should be provided
table entity. It has sub-elements of Device ID, Token Issuer ID, Issue Time and Expire Time.

ID - provides the identification of device(s) under the Token.\lf'the MMT client wants tp
e Asset/Package of two different devices, then multiple Device IDs should be provided.

ssurelD - identification of trust entity that issues a Token. This field is to be used by the
D-CAS server to verify the validity of the Token.

(s

ssueTime - atime at which the Token is issued. The unit of this field is second. The NTC forma
sed.

xpireTime - a time at which the Token js-expired. The unit of this field is second. The NTLC
vill be used.

gnaling table info - providesgthe information of MPT related to Package/Asset to b
ed by downloaded DRM or CAS.

D

LS message

1 General

nessage carries thedicense information targeted to a specific receiver or group of receivers.
rmation is delivered to receivers that do not have a return channel.
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10.3.13.2 Syntax

The syntax of LS message is defined as follows in Table 34:

Table 34 — LS message syntax

ISO/IEC 23008-1:2017(E)

Syntax Value No. of bits Mnemonic
LS message () {
message_id 16 uimsbf
version 8 uimspf
length 32 uimspf
message payload ({
system id 16*8 uimspf
number of licenses N1 32 uimspf
for (1=0; i<N1;i++) {
license _message hash length N2 8 uimspf
license _message hash 8*N2 uimspf
encrypted license data length N3 16 uimspf
encrypted license data 8*N3 uimspf
}
}

10.3.13.3 Semantics

yersion - indicates the version of the PA'messages.

w Qo .0

pecific.

nessage 1id - indicates the identifier of th&PA messages.

qystem_id - provides the-UUID that uniquely identifies the DRM system.
rumber of licensegs™ providesthe number of licenses in the LS message.

license message-hash length - provides the length in bytes of the license message hash.

drncrypted license data length - provides the length of the encrypted license data.

length - a 32-bit field for conveyingthe length of the LS message in bytes, counting from the bg¢ginning
df the next field to the last byte ofithe LS message. The value “0” is not valid for this field.

icense message hash - the license message hash code is used to identify the target [receiver
r group ofireceivers for the enclosed license. The license message hash is generated by the| content
ecryption,module in the same way as the license server. The hash generation algorithm is DRM system

encrypted license data - contains an encrypted license that corresponds to the license message
of which the hash value is included in this message. The license is encrypted using the certificate of the

targeted receiver or group of receivers.
10.3.14 LR message

10.3.14.1 General

The license revocation message is defined to allow the DRM system to provide a signal that it has

revoked the license for a user or group of users.
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10.3.14.2 Syntax

The syntax of the LR signalling message is defined in Table 35.

Table 35 — LR message syntax

Syntax Value No. of bits | Mnemonic
LS message () {
message_id 16 uimsbf
verlsion 8 uimsbf
lenggth 32 uimsbf
mesjsage payload {
sysltem id 16*8 uimsbf
er of licenses N1 32 uimsbf
flor (1=0; 1<N1;i++) {
encrypted license challenge length N2 16 uimsbf
encrypted license challenge 8*N2 uimsbf
}
}
}

10.3.14{3 Semantics
messadgle 1id - indicates the identifier of the LR messages¢

versign - indicates the version of the LR messages.

length{-a 32-bit field for conveying the length of the LR message in bytes, counting from the beginning

of the ngxt field to the last byte of the LR messdge. The value “0” is not valid for this field.

Systen id - provides the UUID that uniqiiely identifies the DRM system.

number] of licenses - provides the'number of licenses in the LS message.

encrydted license challenge length-providesthelength ofthe encrypted license challengg.

encrydted license challenge - contains an encrypted license challenge. The license challenge

is encrypted using the certificate of the targeted receiver or group of receivers.

10.3.15(SI table

10.3.15]1 General

The secuyrity information table (SIT) provides the required security for the consumption of the Packageg.

10.3.15.2 Syntax

The syntax of the SIT is defined in Table 36.

Table 36 — SIT syntax

Syntax Value No. of bits | Mnemonic
SI table() {
table id 8 uimsbf
version 8 uimsbf
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Table 36 (continued)

Syntax Value No. of bits | Mnemonic
length 16 uimsbf
number of Security System N1
for (i=0; i<N1; i++) {

system id {
system id length N2 8 uimsbf
for {T=07J=<N27 J++) 1
system_id byte 8 ujmsbf
}
}
systemProvider {
systemProvider URL length N3 8 ulmsbf
for (i=0; 1i<N3; i++) {
URL byte 8 ulmsbf
}
}
reserved “1111 111”7 7 slbf
encryption flag 1 iﬂbf
if (encryption flag == 1) {
encAlgorithm {
encAlgorithm length N4 8 ujmsbf
for (i=0; 1<N4; i++) §
encAlgorithm _byte 8 uimsbf
}
}
keySize {
keySize length N5 8 uimsbf
for( (1=0; 1i<N5; i++) {
keySize byte 8 ujmsbf
¥
¥
keyUrl {
key URL length N6 8 uimsbf
for (i=0; 1<N6; 1i++) {
URL byte 8 ujmsbf
}
}
initializationVector {
initializationVector length N7 8 uimsbf
for (i=0; 1i<N7; i++) {
length byte 8 uimsbf
}
}
ivUrl {
iv_URL length N8 8 uimsbf
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Table 36 (continued)
Syntax Value No. of bits | Mnemonic
for (i=0; i<N8; i++) {
URL byte 8 uimsbf

keyUrlTemplate {
keyUriTemplate length N9 8 Timsbt

for (i=0; 1i<N9; i++) {

length byte 8 uimsbf

ivUrlTemplate {

ivUrlTemplate length N10 8 uimsbf
for (1i=0; 1<N10; i++) {
length byte 8 uimsbf
}
}
reserved “1111 111”7 7 bslbf
authentication flag 1 bslbf
if (authentication flag == 1) {
digestUrl {
digest URL length N11 8 uimsbf
for (i=0; 1i<NI11;xi++) {
URL byte 8 uimsbf
}
}
digestURLTemplate {
digestUrlTemplate length N12 8 uimsbf
for (1=0; 1<N12; i++) {
length byte 8 uimsbf

}
signatureUrl {
signature URL length N13 8 uimsbf

for l"l:ﬂ: 1 N13; 1bt) {

URL byte 8 uimsbf

signatureURLTemplate {
signatureUrlTemplate length N14 8 uimsbf
for (i=0; i<N14; i++) {

length byte 8 uimsbf
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Table 36 (continued)

Syntax Value No. of bits | Mnemonic

signaturelLength {

signature length N15 8 uimsbf
for (i=0; 1<N15; i++) {
Length byte 8 uimsbf

T
signatureKeyUrl {

signatureKey URL length N16 8 uljmsbf
for (i=0; 1<N1l6; 1i++) {
URL byte 8 ujmsbf
}
}
number of License N17

for (i=0; i<N17; i++) {

license Url ({

licenseUrl _length N18 8 ulmsbf
for (3=0; j<N18; Jj++)~%
URL byte 8 uljmsbf

}
licenseURLTemplate {

lisenceUrlTemplate length N19 8 ulmsbf
for (i=04J1i<N19; i++) {
length byte 8 ulmsbf

NOTE How 4 specific DRM solution or CAS solution works with MMT is out of the scope.

10.3.15.3 Semantics

Habde{ 1d - indicates the ID of SIT.

3 3 ioo Idoy ana o ann oc 1+ I
eSS aIta e ot onecas—Ssoohastt1as been

received.

length - provides the length of SIT counted in bytes starting from the next field to the last byte of the
SIT. The value “0” is never used for this field.

number of Security System - provides a DRM or CAS system that can process and handle the
content protection, access control and rights management.

systemId - provides a UUID-formatted opaque string for the system. This can also be used to encode
the type of the system.
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systemProvider - provides a URL location of a provider for the system. This can be used for
downloading and installing the system, when needed.

Encryption - this optional element provides the information about encryption.

encAlgorithm - provides the algorithm used for encryption.

keySiz

keyUrl

e - provides the size of initialization vectors in bytes.

- provides the URL for key derivation.

IV -pr
ivUrl
keyUrll
ivUrlT
Authen
digest
digest
signat

signat
signatut

signat]
than thd

signat
Liceng

licens
specifie

licens
10.4 Si

10.4.1

pvides the initialization vector.

- provides the URL for initialization vector derivation.

Template - provides the template for key URL generation.

emplate - provides the template for IV URL generation.

tication - this optional element gives the information required for authentication.
Url - provides the URL used for retrieving the digest value.

Ur1Template - provides the template for creating the URL used for retrieving the digest valug.
ureUrl - providesthe URL used for retrieving the signatuxe value.

ureUrlTemplate - provides the template for creating the URL used for retrieving the
e value.

ureLength - provides the length of the signatute It shall appear only if the length is shorte
normal output size of the signature algorithm

—

urekeyUrl -providesthe URL for the key used for the signature.
e — this optional element provides the information to get the License.

eUrl - the license format can be jh some standard ones or be dependent on the system that i
l with systemId of the Systerh.element.

[72)

eUrlTemplate - specifies the template for license URL generation.
gnalling messages for Package delivery

General

Signalli

(AF) message, measurement configuration (MC) message, reception quality feedback (RQF) messagée
NAM feedback (NAMF) message, low delay consumption (LDC) message, HRBM removal (HRBMR
messagd and asset delivery characteristic (ADC) message. They are shown in Figure 20.

g messdges for delivery are HRBM message, ARQ configuration (AC) message, ARQ feedbac

— A

NOTE

70

AL-FEC message is defined in C.6.
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HRBM MC LDC
message message message
AC RQF HRBMR
message message message

AF NAMF ADC
message message message

[

0.4.2.1 General

b oo Q9 o

=

0.4.2.2 Syntax

The syntax of the HRBM message is defined in Table 37.

10.4.2 Hypothetical receiver buffer model (HRBM) message

Table 37 — HRBM message syntax

Figure 20 — Structure of the signalling messages for MMT delivery

he HRBM is described in Clausex*1. An HRBM message provides information on en
Fansmission delay and memory-tréquirement to an MMT receiving entity for efficient opegation in
broadcasting environment. As ‘the HRBM is applied per MMTP sub-flow, the MMT receivirlg entity
an recognize the corresponding sub-flow for which it received HRBM information thrgugh the
acket id ofthe MMTP packet that carried the HRBM signalling message.

-to-end

Syntax Values No. of bits | Mnemonic
HRBM message ( ) {

message_id 16 ulmsbf
version 8 uimsbf
length 16 uimsbf
message payload{

max_buffer size 32 uimsbf

fixed end to_end delay 32 uimsbf

max_transmission delay 32 uimsbf
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10.4.2.3 Semantics

message id - indicates the identifier of the HRBM message.

versio

n - version of the HRBM messages. An MMT receiving entity can use this field to check the

version of the received HRBM message.

length - length of the HRBM messages in bytes, counting from the first byte of the next field to the
last byte of the HRBM message. The value “0” is not valid for this field.

maX_buJ_ J_'C‘J__bJ._ FASENN Y UViL‘lUb illfUl llldlLiUll fUl .l,]llC I CLlLlil CL][ llld)&illlulll ‘qufcl biLU ill by ‘LCD UffvliMT AbbC‘L D.
fixed gnd to end delay - provides information for fixed end to end delay between ‘the
sendinglentity and the receiving entity in millisecond.
max_transmission delay - provides information for the max transmission dela@y betweep
the sending entity and receiving entity in millisecond.
NOTE Fixed end-to-end delay is calculated by summing the max transmisSion delay and
FECprofection window time (refer to AL-FEC message in C.6).
10.4.3 Measurement configuration (MC) message
10.4.3.1 General
MC mesgages are used for transport metrics measurement. It provides the information on measuremerjt
metrics [e.g. a receiving entity buffer status, round trip delay, NAM parameter), measurement condition
such as|a measurement starting time and a period and measurement report. The syntax of an ML
messagdq is shown in Table 38 and its semantics are described in 10.4.3.2.
10.4.3.2 Syntax
The syntax of the MC message is defined in Table-38.
Tablé 38 — MC message syntax
Syntax Values No. of bits Mnemonic
MC mesfsage () {
mesisage id 16 uimsbf
verjsion 8 uimsbf
length 16 uimsbf
mesfsage payload {
eservéd “1111 11”7 6 bslbf
easurement mode 2 bslbf
if(measurement mode !=11) {
1T (measurement mode ==Ul) {
measurement start time 32 uimsbf
}else if (measurement mode ==10) {
measurement start condition()
}
measurement stop time 32 uimsbf
measurement period 32 uimsbf
measurement_report{
72 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=94d7691c29a689f0baf7e898c40bd684

ISO/IEC 23008-1:2017(E)

Table 38 (continued)

Syntax Values No. of bits Mnemonic

server address{

MMT general location info ()
}
report_type 8 bslbf

10.4.3.3 Semantics
nessage 1id - indicates the message ID. The length of this field is 16 bits.

Yyersion - indicates the version of the messages. The MMT receiving efntity may check whether the
ersion of the received message is new or not. The length of this field is\8 bits.

<

L

ength - indicates the length of the messages in bytes, countingdfrem the beginning of the nexit field to
he last byte of the MC message. The value “0” shall not be used for this field.

—

neasurement mode - indicates when the MMT receiying entity should start measuring the item
ndicated by measurement item flag. Valid values for this field are described in Table 39.

—

Table 39 — Value of measurement_mode

Value Description
00 Start measurement immediately ahd stop measurement at the appointed time
01 Start and stop measurement at'the appointed time
10 Start measurement at the measurement condition
11 Stop measurement immediately

nMeasurement start tiffie-indicatesaUTC timein NTP format corresponding to the measprement
tart time. This field is the'32 bits MSB from the full resolution NTP timestamp.

(%)

neasurement stant/ condition - indicates a specific condition which the MMT receiving entity
tarts a measurement. The example of specific condition is the receiver buffer status or the rgception
hannel status<The example of condition is given in Table 39.

QW

neasurement stop time -indicatesa UTC time in NTP format corresponding to the measprement
stop timexThis field is the 32 bits MSB from the full resolution NTP timestamp. The value “qx0000”
means>the MMT receiving entity measures periodically with the measurement peri¢d until
recéiving the “immediately stop measurement” indication.

measurement period - indicates how frequently the MMT receiving entity should measure the
item indicated by measurement item flag. The value “0x0000” means the MMT receiving entity
is to execute the measurement only once. Other values mean the period for measurement. The unit is
seconds.

measurement report - this field provides information for the measurement report. It has a server
address where the MMT receiving entity should send measurement results and a template to be used
for the measurement report.

server address - indicates the location of the server that receives transport data measurement
results. The syntax and semantics are the same of MMT general location info thatis defined
in 10.6.1.
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report type -indicates the type of measurement report request as shown in Table 40.

Table 40 — Value of report_type field

Value Description
0000 0000 reporttypeis reception quality feedback
0000 0001 report type isNAM feedback
0000 0010 reporttypeis reception quality feedbackand NAM feedback
0000 0011 ~ 11111111 lreserved for future use

10.4.4 ARQ configuration (AC) message

10.4.4.1 General

ARQ conffiguration information, which includes the policy to be adopted by the MMT sending entity and
MMT refeiving entity in the event of packet loss, shall be transmitted at the beginnirig of a session als
the ARQ configuration (AC) message from the transmitting MMT sending entity te’the MMT receivinig
entity either in-band or out-of-band. The syntax for AC message is shown in Table41.

10.4.4.2 Syntax

The syntax of the AC message is defined in Table 41.

Table 41 — AC message syntax

Syntax Values No. of bits Mnemonic
AC _message () {
messfage id 16 uimsbf
versfion 8 uimsbf
length 16 uimsbf
messpge payload{
flow_label flag 1 bslbf
if|(flow label flag == 1)~
fb_flow_label 7 uimsbf
}| else {
reserved “1111 111”7 7 bslbf
}
lay constrained ARQ flag 1 bslbf
Imber_of  packet_id N1 7 uimsbf
flor (A=0; i<N1; i++) {
packet_id 16 uimsbf
rtx window_timeout 32 uimsbf

}
arq_server_ address{

MMT general location info()
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10.4.4.3 Semantics
message 1id -indicates AC message ID. The length of this field is 16 bits.

version - indicates the version of AC messages. The MMT receiving entity may check whe
received message is new or not. The length of this field is 8 bits.

ther the

length - indicates the length of AC messages. The length of this field is 16 bits. It indicates the length

of the AC message counted in bytes starting from the next field to the last byte of the AC mess
value “0” shall not be used.

age. The

df rtx flow label parameter is present.

—

he ﬂow__label will be allocated to guarantee higher priority for the AF messagé-along the
gath. This parameter will be presented only if the value of flow label flag parameter is set to

@)

elay constrained ARQ flag - when set to “1”, this flag indicates that,the server suppo;
onstrained ARQ.

Q

rlumber of packet id -indicatesthe number of packetid that iaslost packets.

ytx window timeout -indicates the retransmitwindow tinieout. An MMT sending entity v
an MMTP packet in buffer until the timeout, and thus availabjle for retransmission. The time
gertain MMTP packet starts when the MMT sending entity/sends the MMTP packet. Thus, t

the MMTP packet header. The unit is milliseconds.

flow label flag - indicates whether fb flow label exists. If the value is set to 1, tllle value

flb flow label -indicates the flow label to be used when the MMT receiving entity sends an AF message.

delivery
1.

ts delay

vill keep
but for a
he MMT

receiving entity can infer whether the MM TP packet isavailable by referencing the timestamp field in

drg server address - indicates address ofiservers to which the MMT receiving entity ¢an send
the AF message to request lost MMTP packets.
NOTE The location_type of MMT general® location info () will be restricted to 0x01, 0x02 and 0x05
for simplicity.
10.4.5 ARQ feedback (AF) message
10.4.5.1 General
Ih the event of packetloss, this loss is detected by the MMT receiving entity. An ARQ feedback (AF)
message is generated-according to the information of the AC message and then transmitted to the MMT
sending entity. When the MMT receiving entity detects that one or more packets have been lost)it forms
a mask of up t6 255 bytes where each bit in a byte corresponds to a sequence number of lo§t MMTP
dackets. Thisallows the AF message to report up to 255x8 lost packets in one AF message. The syntax
fbr the AE'message is shown in Table 42.
The method of packet loss detection is outside the scope of this document.
0.4.5.2 Syntax
The syntax of the AF message is defined in Table 42.
Table 42 — AF message syntax
Syntax Values | No.ofbits | Mnemonic

AF message () |

message id 16 uimsbf

version 8 uimsbf

length 16 uimsbf
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Table 42 (continued)

Syntax Values | No.ofbits | Mnemonic
message payload ({
reserved ‘11111 5 uimsbf
argument_type 1 bslbf
delay constrained ARQ mode 2 uimsbf
if (argument type == 0) {
T (deIay COnStrained ARY mode == 011
ARQ feedback_ timestamp 32 uimsbf
}
if (delay constrained ARQ mode == 10) {
propagation delay 32 uimsbf
}
packet counter 32 uimsbf
masklength N1 8 uimsbf
if (delay constrained ARQ mode ==01) {
arrival deadline 16 uimsbf
}
for (i=0; 1i<N1l; i++) {
mask_byte 8 uimsbf
}
}
ifl(argument type == 1) {
reserved 1 1 bslbf
number of packet_ id N2 7 uimsbf
if (delay constrained ARQ mpde == 01) {
ARQ feedback timestamp 32 uimsbf
}
if (delay constrained ARQ mode == 10) {
propagation.delay 32 uimsbf
}
for (i=0; i<N2p i++) {
packet’id 16 uimsbf
packet sequence number 32 uimsbf
masklength N3 8 uimsbf
if (delay constrained ARQ mode == 01) {
L 2rrival deadline 16 uimshf
}
for (j=0; J<N3; J++) {
mask_byte 8 uimsbf
}
}
}
}
}
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10.4.5.3 Semantics
message 1id -indicates AF message ID. The length of this field is 16 bits.

version - indicates the version of AF messages. The MMT receiving entity may check whether the
received message is new or not. The length of this field is 8 bits.

length - indicates the length of AF messages. The length of this field is 16 bits. It indicates the length
of the AF message counted in bytes starting from the next field to the last byte of the AF message. The
value “0” shall not be used.

drgument type - indicates the type of argument the MMT receiving entity is using when requesting
he lost packets to the server. Valid values for this field are described in Table 43.

—

Table 43 — Value of argument_type

Value Description

Packet counter based ARQ. The MMT receiving entity sends the AF
message with packet counter.

Packet sequence number based ARQ. The MMT receiving entity sends the
AF message with packet idand packet seglierice number.

elay constrained ARQ mode - indicates the type of delay constrained ARQ. Valid values for this
eld are described in Table 44.

@)

—_

Table 44 — Value of delay_constrained_ARQ_mode

Value Description

No time constrained ARQ. The' ARQ server does not need to consider any

00 delay constraints when retransmitting the lost packets for this request.

Playout-time constrained ARQ. The MMT receiving entity sends the AF
01 message, with ARQ feedback timestampand arrival deadline,to
help the server,decide whether to retransmit or not.

Delivery-time'constrained ARQ. The MMT receiving entity sends the AF
10 message, with propagation delay only, to help the server decide
whether'to retransmit or not.

11 Reserved for future use.

rlumber of packet_id -indicates the number of packet id that has lost packets.
delay constrgined ARQ flag - indicates the presentof arrival deadline field inforration.

ARQ feedkatk timestamp - indicates the NTP time at which the ARQ feedback is sent from the
MMT recéiving entity.

drogagation delay - propagation delay for the MMT packet to arrive at the MMT receiving entity.
The-MMT receiving entity calculates the propagation delay by the subtracting the N[TP time
at the delivery instant of a MMT packet from the NP time at the arrival instant of the MMT packet.
The propagation delay can be an average result of a propagation delay measured within the
measurement duration.

packet id - this field is the integer value assigned to each Asset to distinguish packets of one Asset
from another. Separate values will be assigned to signalling messages and FEC parity flows.

packet sequence number - corresponds to the packet sequence number of the first packet
indicated by the mask byte that is identified as having been detected to be lost and hence requiring
re-transmission.

masklength - indicates the length of the data behind the mask in bytes.
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arrival deadline - indicates the deadline by which the retransmitted packet for the first lost
packet should arrive at the MMT receiving entity for timely processing. This parameter represents the

time increment from the ARQ feedback timestamp. The first 8 bits represents integer partand the
last 8 bits represents fractional part.

mask byte - mask field, each bit corresponds to a MMTP packet. If the packet behind the packet with
packet idis lost, then the corresponding bit will be set to “1”.

10.4.6 Reception quality feedback (RQF) message

10.4.6.1 General

An MMT receiving entity can send the reception quality feedback to the MMT sending entity,to, ihfory
the recgption quality of the received MMTP packet flow by using RQF messages. An MMT receivinig
entity n¢eds to keep track of reception quality per MMT sending entity.

=3

MMT TF,S(/) T,
sending

T
entity { . . |
! Reception quality |
! feedback :
l Delay 1.5, |
- |
T.i} |MMTP packet (i) !
| 1
| |
| |
| |
| |
| |
MMT : l
receiving { | | :
entity | Delay1 | i Delay2 |
| |

|
|

|
, I
TER(// T |
|

Delay1=T_.[i) - T, (i)

Figure 21 — Round trip time (RTT) calculation

An MMT receiving entity provides information in the feedback to allow the MMT sending entity tp
calculatg ‘the round trip time (RTT) and the process is as shown in Figure 21. In Figure 21, Delay 1 is
the delivery time of the MMTP packet from the MMT sending entity to the MMT receiving entity. Delay
1 is calculated by the subtracting Tgs(i) (NTP time at delivery instant of i-th MMTP packet) from Tg,r(i)
(NTP time at arrival instant of i-th MMTP packet). The Delay 2 is the delivery time for the MMTP packet
from the MMT receiving entity to the MMT sending entity. The Delay 2 is calculated by subtracting Tg r
(NTP time at delivery instant of the feedback report, i.e. feedback timestamp) from the Tgs (NTP

time at arrival instant of the feedback report). Thus, the MMT sending entity can calculate the RTT by
adding Delay 1 and Delay 2.

10.4.6.2 Syntax

The syntax of the RQF message is defined in Table 45.
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Table 45 — RQF message syntax

Syntax Values No. of bits Mnemonic
RQF message ( ) {

message id 16

version 8

length 16

message payload { unsigned short
packet_loss_ratio 8 unsigned,cHar
inter arrival jitter 32 unsigned int¢ger
max_transmission delay 32 unsigned int¢ger
min transmission delay 32 unsigned int¢ger

RTT parameter( ) {
propagation_delay 32 unsigned int¢ger
feedback timestamp 32 unsigned int¢ger
}

10.4.6.3 Semantics
nessage_id - identifier of the RQF message. The length' of this field is 16 bits.

yersion - version of the RQF message. An MMT.re€éiving entity can use this field to check the version
f a received message. The length of this field is\8bits.

o

L

ength - length of the RQF in bytes, counting from the first byte of the next field to the last byjte of the
QF message. The length of this field is 16ybits and the value “0” is not valid for this field.

owl

acket loss ratio - ratio between the number of lost MMTP packets and the total |number
f transmitted packets. This vallie)is equivalent to taking the integer part after multiplying|the loss
Faction by 256. The packet,_Loss ratio is a result measured within the measurement fluration
fhich can be calculated befweéen measurement start time and measurement stop [time or
an be provided by average_bltrate_perlod

Q. < = o0

nter arrival pitter - deviation of the difference in packet spacing at the MMT receiving
ntity compared with the MMT sending entity for a pair of packets, measured in timestamp|units. It
an be estimated based on the time difference between the arrivals of adjacent MMTP pacKets. The

an be caleulated between measurement start _time and measurement stop time of can be
rovidedby average bitrate period.

"i"ri = QO B0 @ b

recelved When computlng the RTT the MMT sendlng er1t1ty records the tlme when the feedback is
received. RTT is calculated by subtracting the feedback timestamp from the recorded time and
adding the propagation delay.

propagation delay - propagation delay for the MMTP packet to arrive at the MMT receiving entity.
The MMT receiving entity calculates the propagation delay by the subtracting the NTP time at
the delivery instant of an MMTP packet from the NTP time at the arrival instant of the MMTP packet.
The propagation delay can be an average result of a propagation delay measured within the
measurement duration.
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feedback timestamp - NTP time at which the feedback is sent from the MMT receiving entity.
This parameter is used to measure the propagation delay from the MMT receiving entity to the MMT

sending

entity.

max transmission delay - the maximum transmission delay for the MMTP packet to arrive at
the MMT receiving entity. The MMT receiving entity calculates the transmission delay by subtracting
the NTP time at the delivery instant of a MMTP packet from the NTP time at the arrival instant of the
MMTP packet. The max transmission delay isthe maximum transmission delay measured
within the measurement duration.

min transmission delay - the minimum transmission delay for the MMTP packet to arrive at ﬂ]—t
MMT refeiving entity. The MMT receiving entity calculates the transmission delay by subtracting.t
NTP timle at the delivery instant of a MMTP packet from the NTP time at the arrival instant of the MMTP
packet. The min transmission delay is the minimum transmission delay measured withip
the meapurement duration.
10.4.7 NAM feedback (NAMF) message
10.4.7.1 Syntax
The syntax of the NAM feedback is defined in Table 46.
Table 46 — NAM_Feedback message syntax
Syntax Valués No. of bits Mnemonic
NAMF message () {
message id 16 unsigned short
velrsion 8 unsigned char
lelngth 16 unsigned short
exfcension {
NAM flag 1 unsigned integer
reserved 111 1111 unsigned integer
}
mefssage payload {
if (NAM flag == 0) {
CLI id 8 unsigned integer
relative @vailable bitrate 8 float
relative buffer fullness 8 float
relative peak bitrate 8 float
average bitrate period 16 unsigned integer
Gurrent delay 32 float
generation time 32 float
BER 32 float
}
else if (NAM flag == 1) {
CLI id 8 unsigned integer
available bitrate 32 float
buffer fullness 32 float
peak bitrate 32 float
current delay 32 float
average bitrate period 16 unsigned interger
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Table 46 (continued)

Syntax Values No. of bits Mnemonic
SDU_size 32 unsigned integer
SDU _loss_ratio 8 unsigned integer
generation time 32 float
BER 32 float

10.4.7.2 Semantics
nessage_1id - indicates the NAMF message ID. The length of this field is 16 bits;

Yersion - indicates the version of NAMF messages. The MMT receiving entity may check whe
eceived message is new or not. The length of this field is 8 bits.

—

[

ength - indicates the length of NAMF messages. The length of this/field is 16 bits. It indid
ength of the NAM feedback message counted in bytes starting from the next field to the last by
NAM Feedback message. The value “0” shall not be used.

fa—

=

AM flag - indicates whether the NAMF message containsiabsolute NAM information or relat
hformation. The value “1” should be set, if the NAMF message contains absolute NAM informat

—

dLI_ id-isanarbitrary integer number to identify this NAM among the underlying network.

elative available bitrate - the available bitrate change ratio (%) between the curr
hformation and the previous NAM information.

—_

elative buffer fullness -theremaining buffer fullness change ratio (%) between thg
AM information and the previous NAMinformation.

1~

=

Jelative peak bitrate -the peakbitrate change ratio (%) between the current NAM infq
and the previous NAM information.

vailable bitrate =fs)the bitrate that the scheduler of the underlying network can gt
D the MMT stream. The\available bitrate is expressed in kilobits per second. Overhea
rotocols of the underlying network is not included.

uffer fullmes's - the buffer is used to absorb excess bitrate higher th
vailable bitrate.Thebuffer fullness isexpressedinbytes.

QO = oot Q)

eak bitrate -thepeak bitrate isthe maximum allowable bitrate that the underlying
an assigh to the MMT stream. The peak bitrate is expressed in kilobits per second. Oven
he protocols of the underlying network is not included.

Qg

—

ther the

ates the
te of the

ve NAM
ion.

ent NAM

current

rmation

larantee
1 for the

an the

hetwork
head for

current_delay - this parameter indicates the last hop transport delay. The current _
expressed in milliseconds.

elay is

average bitrate period - provides the period of time over which the average bitrate of
the input of the MMT procotol session that carries the MMTP packet shall be calculated. The

average bitrate periodisprovided in units of milliseconds.

SDU_size - Service data unit (SDU) is data unit in which the underlying network delivers t
data. The SDU_size specifies the length of the SDU and is expressed in bits. Overhead for the p
of the underlying network is not included.
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SDU loss ratio - the SDU loss ratio is a fraction of SDUs lost or detected as errorneous.
Loss ratio of MMT packets can be calculated as a function of SDU loss ratio and SDU size.
The SDU loss_ ratioisexpressed in percentile.

generation time - the time when the parameters are generated. The generation time is
expressed in milliseconds.

BER - bit error rate obtained from the PHY or MAC layer. For BER from PHY layer, this value is presented
as a positive value. For BER from the MAC layer, this value is presented as a negative value which can be
used as an absolute value.

10.4.8 Low delay consumption (LDC) message
10.4.8.1 General
The LD Message provides information required to decode and present media data by the MM[l
receiving entity before it receives metadata such as movie fragment headers. This‘message indicates
that thg duration of each sample is fixed as signalled by default sample (duration in Track
Extends| Box and the coding dependency structure is fixed across an Asset./When this message
is used,| the value of decoding time of the first sample of MPU is smallei' than the presentatiopn
time of| the first sample of the MPU by the sum of base presénhtation time offsef
and the largest value of sample composikion time offset valup
paired ample composition time offset signis“l”
10.4.8.2 Syntax
The syntax of the low delay consumption message is defined in Table 47.
Table 47 — Low delay consumption message syntax
Syntax Values No. of bits Mnemonic
LDC mefssage ( ) {
mesjsage id 16 uimsbf
verlsion 8 uimsbf
length 16 uimsbf
mesfsage payload ({
se presentation( time offset 31 uimsbf
doding dependency’ structure flag 1 bslbf
iff (coding dependency structure flag == 1) {
period ofrintra coded sample N1 8 uimsbf
for (ix0 ; i<N1;i++){
sample composition time offset sign 1 bslbf
sample composition time offset value 31 uimsbf

10.4.8.3 Semantics

message id - indicates the identifier of the LDC message.

version - version of the LDC messages. An MMT receiving entity can use this field to check the version
of the received LDC message.
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length - length of the LDC messages in bytes, counting from the first byte of the next field to the last

byte of the LDC message. The value “0” is not valid for this field.

base presentation time offset - provides information about the time difference between
decoding time and presentation time in microseconds. The presentation time of each sample shall
be greater than the decoding time with this value. This shall not include any difference between the
decoding time and presentation time of samples incurred due to reordering of decoded media data.

coding dependency structure flag - provides an indication that the decoding or

der and

presentation order of samples are different from each other. If this flag is set to “0”, the decoding order

wn

hall be same with the presentation order of samples. If this flag is set to “1”, the decoding ordef
ifferent from the presentation order of samples and detailed composition time offset shall’be'q

amples.

eriod of intra coded sample - provides the number of samples between two indep
oded samples.

Q

dample composition time offset sign - provides the arithmetje.sign of offset addg
ifference between decoding time and composition time of sample.

Q

[€))

ample composition time offset value - provides «{hHe value of the offset
p the difference between the decoding time and the Composition time. If the

f composition time and the value of decoding time is detteased in microseconds. If the
ample composition time offset sign is “1% ‘then the difference between the
omposition time and the value of decoding time is incrédsed in microseconds.

Q o O [ ot

=

0.4.9 HRBM removal message

10.4.9.1 General

—

he HRBM removal message provides information on the management of the MMT de-cap
uffer depending on the operationimade of the client as specified in Clause 11. This message ]
nformation required to calculate_both the initial delay before starting the removal of data f
MTP de-capsulation buffer and the rate of removing data from the MMTP de-capsulation |

—

this message is signalled, the'client shall choose one of operation modes with the maximum 1

uffer size signalled by his message to prevent overflow or underflow of the MMTP de-cap
uffer. Depending on the mode chosen by the client, either a complete MPU, a movie fragment of

shall be
rovided

d
in this message for the client to calculate the appropriate decoding time and presentation tinpe of the
S

endently

d to the

added
alue of

ample composition time offset sign is “0”, thén "the difference between the value

value of
ralue of

sulation
brovides
rom the
buffer. If
equired
sulation
asingle

FU is recovered and)the reconstructed data is forwarded to the upper layer such as the medig engine.
10.4.9.2 Syntax
The syntax for HRBM Removal message is defined in Table 48.
Table 48 — HRBM Removal message syntax
Syntax Values No. of bits Mnemonic
HRBM Removal message( ) {
message id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload {
number of operation modes 8 uimsbf
for (i=0; i<number of operation mode; i++) {
data _removal type 8 uimsbf
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Table 48 (continued)
Syntax Values No. of bits Mnemonic

max_decapsulation buffer size 32 uimsbf
}
buffer management valid 1 bslbf
reserved 7 uimsbf
}

}

10.4.9.3 Semantics
message id - indicates the identifier of the HRBM Data Removal message.

versidn - version of the HRBM Data Removal messages. An MMT receiving entity'ecan use this field
to checK the version of the received HRBM Data Removal message.

lengthl - length of the HRBM Data Removal messages in bytes, counting frob1 the first byte of thie
next fielfl to the last byte of the HRBM Data Removal message. The value 10%is not valid for this field.

number of operation modes - provides the number of operatioh modes a client can choose tp
operate,

data rlemoval type - provides the information for the type(o6f-Operation mode of client removing
data recpnstructed at the MMTP de-capsulation buffer definediin HRBM in Clause 11. For each mode,
required buffer size is provided (see values in Table 49).

Table 49 — data_remoyval_type values

Value Description
0x00 Reserved
0x01 Client can remove complete MPUs (MPU mode)
0x02 Client can remove complete movie fragments (movie fragment mode)
0x03 Client can remowe complete MFUs (MFU mode)
0x04 ~ 0x9F Reserved for ISO use
0xAO0 ~0xFF Reserved for private use

max_dgcapsulation uffer size - provides the information for the required maximum size gf
the MMTP de-capsulation-buffer in bytes of MMT Assets.

buffer] managemerit valid - provides the information whether the buffer management
mechan]sm defined for an Asset is applied. If this flag is set to “0”, no restriction to both the initial del
before gtarting:the removal of data from the MMTP de- capsulation buffer and the rate of removinig

the oldest one accordlng to the operation mode chosen by the client when the buffer is full to add newly-
recovered data. If this flag is set to “1”, appropriate information to calculate both the initial delay before
starting the removal of data from the MMTP de-capsulation buffer and the rate of removing data from
the MMTP de-capsulation buffer shall be carried in the media data based on external specification.

10.4.10ADC message

10.4.10.1 General

An ADC message carries information on ADC which defines QoS requirements and statistics
of Asset for delivery, and their associated QoE quality information in alignment with
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ISO/IEC 23001-10. Additional operating points can be derived from stream sub-representation via a new
sample group index structure. This is especially useful for low delay streaming applications
where quality can be traded for delay reduction. This information can be used by the MMT-aware
intermediate network entities for QoS-managed delivery of Assets. To provide more accurate
information, the MMT sending entity can update parameter values within ADC message and send it
periodically or aperiodically. ADC information delivery can be done both in per-Asset basis and per-

MPU basis considering its size.

10.4.10.2 Syntax

The syntax of the ADC message is defined in Table 50.
Table 50 — ADC message syntax
Syntax Value No. of bits Mnemonic
ADC_message () {
message_id 16 uimgbf
version 8 uimgbf
length 32 uimgbf
message payload {
validity start time 32 uimgbf
validity duration 32 uimgbf
ADC level flag 1 boolgan
flow_label flag 1 booldan
reserved 6 uimgbf
if (ADC level flag == 1) {
MPU_sequence_number 32 uimgbf
}
packet_id 16 uimgbf
gos_descriptor{ uimgbf
loss_tolerance 8 bslhf
jitter(sensitivity 8 bslhf
class\.of service 1 boolgan
bidirection indicator 1 booldan
reserved 6 bslhf
}
qo& descriptor({
n_samples 16 uimgbf
for (i=0;i<N1; i++) {
le group index 16 uimdbf
}
spatial quality 16 uimsbf
temporal quality 16 uimsbf
aggregate rate 32 uimsbf
}
if (class_of service == 1)
bitstream descriptor vbr{
sustainable rate 16 uimsbf
buffer size 16 uimsbf
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Table 50 (continued)

Syntax Value No. of bits Mnemonic
peak rate 16 uimsbf
max MFU size 8 uimsbf
mfu_period 8 uimsbf

lelse

bitstream descriptor cbr{

[ peak_rate 16 uImsbt
max MFU size 8 uimsbf
mfu_period 8 uimsbf

}

If (flow label flag == 1) {
flow_label 7 uimsbf
reserved 1 uimsbf

10.4.10{3 Semantics
message 1id - indicates the identifier of the ADC messages,
versign - indicates the version of the ADC messages.

length - a 32-bit field for conveying the length oftthe ADC message in bytes, counting from thie
beginning of the next field to the last byte of the ADCmessage. The value “0” is not valid for this field.

validifty start time -indicates the time when the updated ADC message starts to be valid in UT(.

validifty period duration - indigates the validity period duration of the updated ADC messag
from thp validity start time in milliseconds. The value of this parameter within this AD
messagg is valid until this duration.and the MANE does not need to capture the newer ADC messag
necessarily.

[CHPNC

ADC lgvel flag (1 bit( »indicates whether included ADC information is for an Asset or for a
MPU. If $et to “0”, the ADC-signalling message includes information for an Asset. If set to “1”, it include
ADC infjrmation for a single MPU.

-

[72)

flow lgbel flag 43 bit) -indicates whether included flow label is used. If this flag is set to “1f,
the flow| 1abeldnformation is used.

loss_ Holérance - indicates the required loss tolerance of the Asset for the delivery. The value gf
loss_ydderance attribute is listed in Table 1.

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

class_of service - classifies the services in different classes and manages each type of bitstream
with a particular way. For example, MANE can manage each type of bitstream with a particular way.
This field indicates the type of bitstream attribute as listed in Table 3.

Bidirection indicator - if set to “1”, the bidirectional delivery is required. If set to “0”, the
bidirectional delivery is not required.

bitstream descriptor vbr - when class_of service is “17,
“bitstream descriptor vbr”shallbeused for “Bitstream descriptorType”.
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” o«

bitstream_descriptor_cbr - when class of serviceis“0”,“bitstream descriptor cbr”shall

be used for “Bitstream descriptorType”.

n_samples - defines the samples associated with this particular operating point.

spatial quality - defines the spatial quality associated with samples that are conforming to the

ISOBMFF quality format. Examples are PSNR and MSE.

temporal quality - defines the temporal quality or distortion associated with samples
computed from the ISOBMFF frame significance values.

that are

ggregate rate - defines the bitrate associated with the operating point.

Q)

qustainable rate - defines the minimum bitrate that shall be guaranteed for continuous
df the Asset. The sustainable rate corresponds to drain rate in the token bucket mo
qustainable rate isexpressed in bytes per second.

Huffer size - defines the maximum buffer size for delivery of the Asset. fihe buffer absorh
ihstantaneous bitrate higher than the sustainable rate and the bdffer size shall
gnough to avoid overflow. The buffer size corresponds to bucket depth in the token bucke
Huffer size ofaconstantbitrate (CBR) Assetshallbe zero. The buffer sizeisexpressed

eak rate - defines peak bitrate during continuous deliverycofithe Asset. The peak rat
ighest bitrate during every MFU period. The peak rate is éxpressed in bytes per second.

o0

=

FU period - defines period of MFUs during continugus delivery of the Asset. The MFI
neasured as the time interval of sending time between the first byte of two consecutive MI
FU periodis expressed in millisecond.

=z 0

=

ax MFU size - indicates the maximum size of MFU, which is MFU period*pea
hemax MFU size isexpressed in bytes.

—

ow label - indicates the flow identifier. The application can perform per-flow QoS op
h which network resources are temporarily reserved during the session. A flow is defing
bitstream or a group of bitstreams whose network resources are reserved according to ti
haracteristics or ADC in Package~Itis an implicit serial number from “0” to “127”. An arbitrary
b assigned temporarily during a’session and refers to every individual flow for whom a
processor) is assigned and network resource could be reserved.

~ = Q) = h

dacket id (16 bits))-thisfield is an integer value that can be used to distinguish one As
nother. The value of(this field is derived from the asset id of the Asset where this packet
tp. The mapping befween the packet idand the asset idis signalled by the Package Tabl
f a signalling message (see 10.3.4). The packet idisunique throughout the lifetime of the
session and forall MMT flows delivered by the same MMT sending entity. For AL-FEC, the
etween thépacket idand the FEC repair flow is provided in the AL-FEC message (see C.6).

0.5 Descriptors
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10.5.1 CRI descriptor

10.5.1.1 General
This subclause describes the descriptors and information related to signalling tables.

A CRI descriptor can be used to specify the relationship between the NTP timestamp and the

MPEG-2

STC for synchronization purpose. The value of clock reference used by the Asset which is derived from

the MPEG-2 TS is specified in the clock relation id field.

CRI descriptors are carried in a CRI table.
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10.5.1.2

Syntax

The syntax of the CRI _descriptor () is defined in Table 51.

Table 51 — CRI_descriptor() syntax

Syntax Value No. of bits Mnemonic

CRI descriptor() {
descriptor tag 16 uimsbf
descriptor length 16 uimsbf
cllock relation id 8 uimsbf
relserved “11 1111”7 6 uimsbf
STIC_sample 42 aimsbf
NTP_timestamp sample 64 uimsbf

}

10.5.1.3 Semantics

descrijptor tag - atagvalueindicating the type of a descriptor.

descril
last bytd

clock |

STC sd
NTP ti

NTP_ ti
STC sd

10.5.2

10.5.2.1

This des
of any of
this des

10.5.2.2

The syn

ptor length -indicates the length in bytes counting fromythe’next byte after this field to thie

of the descriptor.
relation id - theidentifier of a clock relation.
mple - contains the MPEG-2 STC valué) that corresponds to the following
mestamp sample. The sample value of STC is Tn*42-bit format.

mestamp sample - the sample value of\(NTP timestamp that corresponds to the preceding
mple.

MPU timestamp descriptor

General

criptor provides presentation time of the first AU of MPU in presentation order after applicatio

=}

fset such as the one provided by the “e1st” box. When presentation information (PI) is present,
‘riptor shall be ignofed.

Syntax
fax of thelMPU timestamp descriptor () isdefined in Table 52.

Table 52 — MPU timestamp descriptor

Syntax Value No. of bits Mnemonic
MPU timestamp descriptor () {
descriptor tag 16 uimsbf
descriptor length N*12 8 uimsbf
for (i=0; 1i<N; i++) {
mpu_sequence number 32 uimsbf
mpu_presentation time 64 uimsbf
}
}
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10.5.2.3 Semantics
descriptor tag -atagvalue indicating the type of a descriptor.

descriptor length -indicates the length in bytes counting from the next byte after this field to the
last byte of the descriptor.

mpu_sequence number - indicates the sequence number of the MPU presented at a time given the
followingmpu presentation time.

: : : 1 + +1 PR P £ £ —ALT 1 1 : + b
mpu pPLrescIlltdl 1O ULINE = HIUILALES LT PITSTIILALIUIT ULIIIE UL LIT TITS U AU T UIT UCSIZIIALE MPU y

he 64-bit NTP time stamp format.

—

10.5.3 Dependency descriptor

10.5.3.1 General

vl

or each dependent Asset, a dependency descriptor as specified below shall*be included in the MPT,
yithin the syntax element asset descriptors specified in Table 53,

<

10.5.3.2 Syntax

The syntax of the Dependency descriptor () isdefined jn Table 53.

Table 53 — Syntax of dependency descriptor for layered media

Syntax Value No. of bits Mnemgonic
pPependency descriptor () {
descriptor tag 16 uimspf
descriptor length 16 uimspf
num_dependencies N1 8 uimspf
for (i =0 ; i < NL ; i+t {
asset_id()
}

10.5.3.3 Semantics
descriptor ¢ag - atagvalue indicating the type of this descriptor.

escriptdr- length - indicates the length in bytes counting from the next byte after this figld to the
hst bytewof the descriptor.

Q

[a—

um‘dependencies - indicates the number of complementary Assets the dependent Asset asgociated
withthis descriptor depends on.

—

asset id - indicates the asset id as defined in 10.6.2 of another Asset on which the dependent
Asset associated with this descriptor depends. The order of the id-s provided in this descriptor is such
that the concatenation of MPUs as defined in 6.4 leads to a valid MPU and follows the media dependency
hierarchy:.
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10.5.4 GFDT descriptor

10.5.4.1 General
A GFDT descriptor contains one or more CodePoints describing association with a specific object and

object delivery properties. An MPT may contain a GFD descriptor for each Asset if the MPU(s) consisting
the Asset is/are delivered through GFD mode.

10.5.4.2 Syntax

The sertax of GFD descriptor is defined in Table 54 and the semantics of its syntax elements_are
describgd in 9.3.3.2.2.
Table 54 — GFDT descriptor syntax
Syntax Value No. of bits Mfiemonic
dFD _descriptor () {
descriptor tag 16 uimsbf
descriptor length 32 uimsbf
number of CodePoints N1 8 uimsbf
for (i=0; 1i<N1l; 1i++) {
value 8 uimsbf
fileDeliveryMode 2 bslbf
constantTransferLength flag 1 bslbf
outOfOrderSending flag 1 bslbf
FileTemplate flag 1 bslbf
startTOI flag 1 bslbf
endTOI flag 1 bslbf
EntityHeader flag 1 bslbf
maximumTransferLength 48 uimsbf
if (FileTemplate flag == 1) {
FileTemplate\length N2 8 uimsbf
for(j = 0; J(Q N2; j++)
FileTemplate byte 8 uimsbf
} else ¢{
File\length N3 16 uimsbf
for(j = 0; J < N3; j++)
File byte 8 uimsbf
}
if (startTOI flag == 1)
startTOI uimsbf
if (endTOI flag == 1)
endTOI uimsbf
if (EntityHeader flag == 1) {
EntityHeader length N4 16 uimsbf
for(j = 0; j < N4; j++)
EntityHeader byte 8 uimsbf
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Table 54 (continued)

Syntax Value No. of bits Mnemonic

10.5.4.3 Semantics

descriptor tag - atagvalue indicating the type of a descriptor.

escriptor length - specifies the length in bytes counting from the next byte after/this figld to the
st byte of the descriptor.

—

umber of CodePoints - specifies the number of CodePoints contained in thiS GFD descriptor. This
eld shall not be set to 0.

— =

<

alue - specifies the value of the CodePoint. The value shall be betweéen 1 and 255. The value 0 is
reserved.

[uy

leDeliveryMode - specifies the file delivery mode accordingCto Table 18. If this field iy “1”, the
elivered object is a regular file and if it is “2”, the delivered object is an entity consisting of g9n entity
Header and the file.

Q.

donstantTransferLength flag - specifies if all objeCts+delivered by this CodePoint have gonstant
Fansfer length. If this flag is set to “1”, all objects shall have the transfer length as specifidd in the
haximumTransferLength field. The default value is 0O:

=

utOfOrderSending flag - specifies if an 6utOfOrderSending attribute is included in this GFD
escriptor. If this flag is set to “1”, the outOfQ&derSending attibute is included in this GFD defscriptor.
he default value is 0.

= Q. O

=

ileTemplate flag - specifies if a file-template for this CodePoint is included in this GFD descriptor.
[ this flag is set to “1”, FileTemplate lengthand FileTemplate byte areincluded in this GFD
descriptor.

]

qtartTOI flag - specifiessifia startTOl is included in this GFD descriptor. If this flag is set|to “1”, a
tartTOl is included in this.GFD descriptor.

(%)

ndTOI flag - specifiés if an endTOlI is included in this GFD descriptor. If this flag is set tp “1”, an
ndTOI is included-irtthis GFD descriptor.

[oXN0)

=

ntityHeadex/flag - specifiesif an entity header for this CodePointis included in this GFD defcriptor.
[ this flagissétto “1”, EntityHeader length andEntityHeader byte areincluded in fhis GFD
descriptot.

p—

=

axdmiimTransferLength - specifies the maximum transfer length in bytes of any object delivered
withythe CodePoint set in value field.

FileTemplate length - specifies the length in byte of the file template.
FileTemplate byte - specifies a byte in the file template (e.g. UTF-8, null terminated string).

startTOI - specifies the TOI of the first object that is delivered. The length of startTOI is varied
according to the length of the TOI field in the MMTP payload for GFD mode with the same CodePoint
value set in the value of this GFD descriptor.

endTOTI - specifies the TOI of the last object that is delivered. The length of endTOl is varied according
to the length of the TOI field in the MMTP payload for GFD mode with the same CodePoint value set in
the value of this GFD descriptor.
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EntityHeader length - specifies the length in byte of the entity-header.

EntityHeader byte - specifies a byte in the entity-header. An entity header specifies a full entity
header in the format as defined in IETF RFC 2616, 7.1. The entity-header applies for all objects that are

delivere

10.5.5

d with the value of this CodePoint.

SI descriptor

10.5.5.1 General

The SI d
about th

content
Mp S S h"

10.5.5.27 Syntax

The syn

rax of the SI descriptor is defined in Table 55.

Table 55 — SI descriptor syntax

escriptor is an asset descriptor that can be used by the MMT sender to provide informatio
e content encryption applied to the asset as part of DRM protection or Conditional Access. Fo
protection using common encryption, the contents of this descriptor are extracted from the
hox that is located as part of the MPU metadata.

n
I

Syntax Value No. of bits Mnemonic
SI _desfcriptor () {
deslcriptor tag 16 uimsbf
deslcriptor length 16 uimsbf
sedurity system count N1 8 uimsbf
reserved “000 0000” 7 uimsbf
sysltem _provider url flag 1 bslbf
if |(system provider url flag) {
|system provider url length N2 8 uimsbf
for (i=0; 1i<N2; i++) {
system provider url byte 8 uimsbf
}
}
for| (1i=0;1i<N1;i++) {
ystem_id 16*8 uimsbf
id count N3 16 uimsbf
for (7=0; 3<N3; j++) {
KID 16*8 uimsbf
}
data size N4 32 uimsbf
for (7=0; J<N4; j++) {
data 8 uimsbf
}
}
}

10.5.5.3 Semantics

descriptor tag - atagvalue indicating the type of a descriptor.

92
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descriptor length -indicates the length in bytes counting from the next byte after this field to the
last byte of the descriptor.

security system count - provides the number of DRM or CAS system information that can
process and handle the content protection, access control and rights management.

system provider url flag - indicates whether a URL location of a provider for the system is
provided or not. If this flag is set to “1”, a system provider URL is provided. This URL can be used for
downloading and installing the system, when needed.

dystem provider url_ length - provides the length of a system provider URL.
dystem provider url byte -specifies a byte in a system provider URL.
qystem id - provides the UUID that uniquely identifies the DRM system.

HID count - specifies the number of KID entries in the descriptor.

HID - identifies a key that the data field applies to.

data_ size - specifies the size in bytes of the data field.

data - carries DRM system specific data.
10.6 Syntax element groups
10.6.1 MMT_general_location_info

10.6.1.1 General

AnMMT general location info syntaxelement group is used to provide location informption for
the payload of the described item.

10.6.1.2 Syntax

The syntax of the MMT general location info is defined in Table 56.

Table 56 — MMT_general_location_info syntax

Syntax Value No. of bits | Mn¢monic
MMT general lgcation info () {
location type 8 uimsbf
if (I'oeation type == 0x00) {
packet id 16 uimsbf
Nelse if (location type == 0x01) {
ipv4 src addr 32 uimsbf
ipv4 dst_addr 32 uimsbf
dst_port 16 uimsbf
packet  id 16 uimsbf
} else if (location type == 0x02) {
ipvé src_addr 128 uimsbf
ipvé dst_addr 128 uimsbf
dst_port 16 uimsbf
packet  id 16 uimsbf
} else if (location type == 0x03) {
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Table 56 (continued)

Syntax Value No. of bits | Mnemonic
network_id 16 uimsbf
MPEG 2 transport stream id 16 uimsbf
reserved “111” 3 bslbf
MPEG 2 PID 13 uimsbf

} else if (location type == 0x04) {

[ 1pv6_srC_addr 128 mmbsT
ipvé dst addr 128 uimbs{
dst _port 16 uimpbsf
reserved “111” 3 bslbf
MPEG 2 PID 13 uimbsf

} plse if (location type == ‘0x05") {
URL length N1 8 uimsbf
for (i=0; 1i<N1l; 1i++) {
URL byte 8 char
}
} plse if (location type == ‘0x06") {
length N2 16 uimsbf
for (i=0;i<N2;1i++) {
byte 8 uimsbf
}
} plse if (location type == ‘0x07") {
}
} plse if (location type == ‘0x08%) {
message_id 16 uimsbf
} plse if (location type ==(%0x09") {
packet_ id 16 uimsbf
message _id 16 uimsbf
} plse if (location. type == ‘0x0A’") |
ipv4 src_addr 32 uimsbf
ipv4 dst addr 32 uimsbf
dst_port 16 uimsbf
packet\\ id 16 uimsbf
message id 16 uimsbf
} plse'if (location type == ‘0x0B’") {

L_ipv6 src addr 128 wimshf
ipvé_dst addr 128 uimsbf
dst_port 16 uimsbf
packet_ id 16 uimsbf
message_id 16 uimsbf

} else if(location type == ‘0x0C’) {
ipv4 src _addr 32 uimbsf
ipv4 dst _addr 32 uimbsf
dst_port 16 uimbsf
reserved “1117 3 bslbf
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Table 56 (continued)

Syntax Value No. of bits | Mnemonic

MPEG 2 PID 13 uimbsf

10.6.1.3 Semantics

Jocation type - this field indicates the type of the location information as defined in Table 7.
Table 57 — Value of location_type
Value Description
0x00 An Asset in the same MMTP packet flow as the one that carries the\data structure fo which
thisMMT general location info () belongs
0x01 MMTP packet flow over UDP/IP (version 4)
0x02 MMTP packet flow over UDP/IP (version 6)
0x03 An elementary stream within an MPEG-2 TS in a brodd¢ast network.
0x04 An elementary stream (ES) in an MPEG-2 TS over the TP broadcast network
0x05 URL
0x06 Reserved for private location information
0x07 The same signalling message as the oné\that carries the data structure to which this MMT _
general location info () belongs
0x08 Asignalling message delivered intlie Same data path as the one that carries the data structure
to which this MMT general location info () belongs
0x09 A signalling message delivered in a data path in the same UDP/IP flow as the one that carries
the data structure to which'this MMT general location info () belongs
0x0A A signalling message delivered in a data path in a UDP/IP (version 4) flow
0x0B A signalling message’delivered in a data path in a UDP/IP (version 6) flow
0x0C An elementary stream (ES) in an MPEG-2 TS over the IP v4 broadcast network
0x0D~0x9F Reserved fer1SO use
0xA0~O0OxFF Reseryed-for private use
dacket id-packet’ idinthe MMTP packet header (see 9.2).
ipv4 src addx-*IP version 4 source address of an IP application data flow.
ipv4 dst \addr - IP version 4 destination address of an IP application data flow.
dst pdrt - destination port number of an IP application data flow.
o576 src_addr - IP version 6 source address of an IP application data flow.

ipve dst addr - IP version 6 destination address of an IP application data flow.

network id - broadcast network identifier that carries the MPEG-2 TS. This field is specific to the
broadcast system in use.

MPEG 2 transport stream id- MPEG-2 TS identifier.

MPEG 2 PID - PID of the MPEG-2 TS packet carrying the ES.

URL length -lengthin bytes of a URL. The terminating null (“0x00”) shall not be counted.

URL byte -abyte data in a URL. The terminating null (“0x00”) shall not be included.
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byte o

length

ffset - abyte offset from the first byte of a file.

- the length of the byte range in bytes.

message_ id- MMT signalling message identifier (see Table 62).

10.6.2 asset_id

10.6.2.1 General

An ass¢t idsyntax element group is used to provide an Asset identifier. If the “mmpu” box is preséng

the val
present,

10.6.2.2

The syn

-

—

es of this syntax element group shall be identical to the Asset identifier of that box~If'\nd
the assignment of Asset identification is outside the scope of this document.

Syntax

fax of the asset idis defined in Table 58.

Table 58 — asset_id syntax

Syntax Value No:of bits Mnemonic

asset [id() {
asjset_id scheme 32 uimsbf
aIet_id_length Nt 32 uimsbf
for (3=0; J<N1; Jj++) {

asset_id byte 8 uimsbf
}
}
10.6.2.3 Semantics
asset |id scheme - provides the Asset 1D scheme as defined in 7.3.3.

asset |

asset |
10.6.3

10.6.3.1

This sy
The MM
packet

id length - provides thelength in bytes of the asset id.

id byte - specifies abytein the asset id.
[dentifier mapping

General

tax group-element provides a mapping of the content identifier and an MMTP packet sub-flow.
TP packet sub-flow is the subset of the packets of an MMTP packet flow that share the samje
| #d>The content identifier may be provided in different forms, such as an asset identifier,

URL or d

nattern
r

10.6.3.2 Syntax

The syntax of the Identifier mapping () is defined in Table 59.
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Syntax Value No. of bits | Mnemonic
Identifier mapping () {
identifier type 8 uimsbf
if (identifier type == 0x00) {
asset_id()
} else if (identifier type == 0x01) {
URL_count NT 16 ujmsbf
for (i=0;i<N1;i++) {
URL length[i] N2 16 ujmsbf
for (3=0; J<N2; j++) {
URL byte[i] 3 ujmsbf
}
}
} else if (identifier type == 0x02) {
regex _length N3 16 ulmsbf
for (1=0;1<N3;i++) {
regex byte 8 ujmsbf
}
} else if (identifier type == 0x03) {
representation_id length N4 16 ulmsbf
for (i=0;i<N4;++) {
representation_id byte 8 ujmsbf
}
} else {
private length N5 16 ulmsbf
for (1=0; 1i<N5; i++){
private byte 8 ujmsbf
}
}
10.6.3.3 Semantics
jdentiffer type -provides the type of the identifier that is used for the mapping to the packet id.
The list of available identifier types is defined in Table 60.
Table 60 — Identifier types for identifier mapping

Value Description

0x00 The identifier of the content is provided as an Asset id as defined in 10.6.2.
The identifier of the content is provided as a list of URLs that are related together

0x01 and share the same packet id mapping. An example are DASH segments of the
same representation.

0x02 The identifier of the content is provided as RegEx string that is used to match one
or more URLs that identify files with the same packet id mapping.

0x03 The identifier of the content is provided as a DASH Representation@id as defined
in ISO/IEC 23009-1 to identify all DASH segments of the same representation.

0x04 ~ OxFF |This value range is reserved for private identifiers.
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URL_count - the URLis alist of URLs and this value indicates the number of URLs provided in this list.
URL length -thelength in bytes of the following URL.
URL byte -a byte of the URL that is formatted as an UTF-8 character string.

regex_length - the identifier is provided as a regular expression that matches a set of URLs and this
field indicates the length of the RegEx string.

regex_byte -a byte of the RegEx string that is provided as a UTF-8 string.

represlentation id length - the identifier is provided as a DASH Representation@id and this
value inglicates the length of the Representation@id string.

represglentation id byte -abyte of the Representation@id string.

privatfe length - the identifier is provided as private data and this field provides thelength of thie
private identifier in bytes.

privatle byte -abyte of the private identifier.
10.6.4 mime_type

10.6.4.1 General

This syntax element provides a MIME type as a string.

10.6.4.2 Syntax

The syntax of themime type () elementis defined inIable 61.

Table 61 —mime_type ()

Syntax Value No. of bits Mnemonic

mime type () {
mime type length N1 8 uimsbf
for[(1=0; 1<N1;i++) |

nlime type byte 8 uimsbf

10.6.4.3 Semantics
mime type JLength -thelength of the MIME type string.

mime tJyfe byte -abyte of the MIME type string, which is provided as a UTF-8 string.

10.7 ID and tags values

The values of the message identifier (message 1id) are defined in Table 62.
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Table 62 — Message identifier (message_id) values

Value

Description

0x0000

PA message

0x0001 ~ 0x0010

MPI messages
For a Package, 16 contiguous values are allocated to MPI messages.

If the value equals 16 (0x0010), the MPI message carries complete PI.

If the value equals N where N = 1 ~ 15, the MPI message carries Subset-(N-1) PI.

0x0011 ~ 0x0020

MPT messages
For a package, 16 contiguous values are allocated to MPT messages.

If the value equals 32 (0x0020), the MPT message carries complete MPT.

If the value equals N where N =1 ~ 15, the MPT message carries;Subset-(N-1) NPT.

0x0021 ~ 0x01FF

Reserved

0x0200 CRI message
0x0201 DCI message
0x0202 SSWR message
0x0203 AL_FEC message
0x0204 HRBM message
0x0205 MC message
0x0206 AC message
0x0207 AF message
0x0208 RQF message
0x0209 ADC message
0x020A HRBM Removal message
0x020B LS message
0x020C LR message
0x020D NAMF mesgage
0x020E LDC message

0x020F ~0x6FFF

Reserved for ISO use (16-bit length message)

0x7000 ~0x7FFF

Reserved for ISO use (32-bit length message)

0x8000 ~ OxFFFF

Reserved for private use

The values of the.table identifier (table id) are defined in Table 63.

Table 63 — Table identifier (table_id) values

Value Description
0x00 PA table
Ux01 Main PI (Subset O MPI table)
0x02 ~ 0xOF Subset 1 MPI table ~ Subset 14 MPI table
0x10 Complete MPI table
0x11 ~ 0x1F Subset 0 MP table (SUBSET 0 MPT TABLE ID) ~ Subset 14 MP table
0x20 Complete MP table
0x21 CRI table
0x22 DCI table
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Table 63 (continued)

Value Description
0x23 SIT table

0x24 ~0x7F Reserved for ISO use (16-bit length table)

0x80 ~ OxFF Reserved for private use

The values of descriptor tag are defined in Table 64.

Table 64 — Descriptor tag values
Value Description
0x0000 CRI descriptor
x0001 MPU timestamp descriptor
x0002 Dependency descriptor
x0003 GFDT descriptor
Px0004 SI descriptor

OXOO{)S ~ 0x3FFF  |Reserved for ISO use (8-bit length descriptor)

Ox401)0 ~ 0x6FFF  |Reserved for ISO use (16-bit length descriptor)

0x7000 ~ 0x7FFF  |Reserved for ISO use (32-bit length descriptor)

0x80

D0 ~0xFFFF  |Reserved for private use

11 Hypothetical receiver buffer model (HRBM)

11.1 Ge¢neral

The HRBM is used to ensure an effective MMT operation under a fixed end-to-end delay and limite
memory| requirements for buffering of incomingtMMTP packets. The hypothetical receiver buffer modé¢

shall be

in the following subclauses in more detail-

An MMT sending entity shall run thethypothetical receiver buffer model to ensure that any processiEE
it perforjms on the packet stream(is,within the reception constraints in the MMT receiving entity. T

sending

this information to the receiving entities.

At the r
packets

o=

used by the MMT sending entity to emulate the behaviour of the receiving entity. It is describe

entity shall determine the required buffering delay and the required buffer size and shall signgl

bceiving entity, Seyeral buffers are involved in the reconstruction of an MPU from the MMTP
received. Some) delivery operations, such as FEC coding, interleaving and retransmission,

introdude delay andyjitter that requires buffering at the receiving entity. The hypothetical receiver buffer
model defines operations of the buffers at the receiving entity to ensure that at any time the buffgr
occuparfcy is within the buffer size requirement. The buffers, whose operation is defined, are depicte

in Figurp 22 and are described in detail in 11.2. The MMT HRBM is applied per each MMTP sub-floy,

i.e. for a

I'MMTP packets of an MMTP flow that share the same packet id. The actual set of buffers is

determined based on the configuration of the delivery session for that particular MMTP sub-flow.
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Figure 22 — MMT protocol hypothetical receiver model

11.2 FEC decoding buffer

acket sub-flow (e.g. for packets of a particular asset). FEC decoding is_typical for many appl
'here lower layer transmission may not be sufficient to recover messagesfrom channel errors

equired where incoming packets are stored until sufficient sourcerand repair symbol data are 4
b perform the FEC decoding.

o= 5 < e

]

h this hypothetical receiver buffer model, the FEC decoding buffer is optional and shall op
fpllows.

-+ The FEC decoding buffer is initially empty.

+ Incoming packet i with transmission timestamp ts arrives to the FEC decoding |
buffer occupancy + packet size;< max buffer size, acceptthe packetor ot
mark the packet as being non-compliant®

—+ IfFECis applied to packet i,
— determine the source black 'j to which packet i belongs;
— determine the insertion time ts of the first packet of source block 7;

— attime ts+prdtection window time, move all packets of source block 7 td
jitter buffer;

— discard repair packets.

The protectdon window time isthe required buffering time that must elapse since the r
f the firstpacket of a source block, until FEC decoding is attempted. This time is typically ca
ased on-the FEC block size.

jonlle)

MMTP MFU/
P pe==f ‘ S‘ ‘ s‘ |5 MMTP De- || MPU
FEC Decoding De-jitter .
> p» capsulation -
Buffer Buffer
Buffer

he FEC decoding buffer is optional and is only required when FEC protectionis applied to the MMTP

ications,
or when

etwork congestion may cause packet drops or excessive delays. To. perform FEC decoding, a puffer is

yvailable

erate as

uffer. If

herwise

the de-

bception
lculated

1123 De-jitter buffer

The de-jitter buffer ensures that MMTP packets experience a fixed transmission delay from source
to the output of the MMT protocol stack, assuming a maximum transmission delay. Data units that
experience a transmission delay larger than the maximum transmission delay might be discarded by

the MMT receiving entity.
The de-jitter buffer shall operate as follows.
— The de-jitter buffer is initially empty.

— Accept the MMTP packet as it arrives.
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— Remove the MMTP packet at time ts+A, where ts is the timestamp of the MMTP packet and A is the
signaled fixed end-to-end delay (as described in 10.4.2).

After the de-jittering is applied, all MMTP packets that arrived correctly or were recovered through
FEC/retransmissions will have experienced the same end-to-end delay.

NOTE Annex A shows jitter calculation in MMTP.

11.4 MMTP packet decapsulation buffer

The MM|TP packet decapsulation buffer is used to perform MMTP packet processing before deliverin|g
the payload to the upper layers. The output of the MMTP packet processing may either be the MFU
payload|(in low-delay operation), a movie fragment or a complete MPU. The decapsulation (removal
of the MMTP packet and payload headers) and any required de-fragmentation/de-aggregation of
the pacltets are then performed as part of the MMTP processing. This procedure may tequire somle
buffering delay, denoted as decapsulation delay, to reconstruct the data to be passed td.the application
layer. Hpwever, the decapsulation delay is not considered as part of the transmission delay and t

availability of the data for consumption by the upper layers will be guaranteed by the entity deliveri&E
the MPU, regardless of the decapsulation delay.

The MM|TP packet decapsulation buffer shall work as follows.
— The|MMTP packet decapsulation buffer is initially empty.

— The|MMTP packet is inserted into the MMTP packet decapsulation buffer immediately after the d¢g
jittdring is performed.

(s

— For MMTP packets carrying aggregated payload, remoye the packet and payload header and extrac
each single data unit.

—_—

— For|MMTP packets carrying fragmented payload, the packet is kept in the buffer until a
corijesponding fragments are received correctly or until a packet is received that does not belong t
the pame fragmented data unit.

[=}

=

— Deplending on the operation mode of the-¢lient, if a complete MPU, a movie fragment or a single MF
is rgcovered, forward the reconstructéd data to the upper layer.

11.5 Usage of HRBM

Based on the hypothetical regeiver buffer model, an MMT sending entity is able to determine the
transmipsion schedule, the buffer size and the buffering delay A, so that no packets are dropped due tp
buffer oyerflow, assuming’a maximum delivery delay in the target path. The MMT sending entity shall
guarantge that packets'that experience a transmission delay below a set threshold will be delivered tp
the uppdr layer aftépa constant delay and without causing the MMT receiving entity buffer to underfloyw
or overflow.

11.6 Egtimation of end-to-end delay and buffer requirement

An MMT sending entity shall estimate the maximum expected and tolerable transmission delay in the
transmission path down to an MMT receiving entity. If FEC is in use, the MMT sending entity shall add
the FEC buffering delay that covers for the time needed to assemble a source block since FEC decoding
is required to recover lost MMTP packets. Finally, any delays that might be incurred by fragmentation
of packets (and other operations) shall be added. The resulting estimation of the MMTP packet delivery
delay shall then be signalled to the MMT receiving entities as the fixed end-to-end transmission delay.

fixed end-to-end = maximum transmission delay + FEC buffering time

In order to estimate the resulting buffer requirement, the MMT sending entity shall use the fixed end-
to-end delay and subtract the minimum transmission delay for the path down to the MMT receiving
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entity and then estimate the buffer size requirement as the product of the maximum bitrate of the
MMTP packet stream and the calculated buffered data duration.

buffer size = (maximum delay - minimum delay) x maximum bitrate

11.7 HRBM signalling

After determining the required buffer size and the fixed end-to-end delay for the system, an MMT
sendlng entlty shall communicate thls 1nformat10n to the MMT rece1v1ng entlty ThlS is done using
» a1 0 Q . he d . 4 runs the
pothet1cal Teceiver buffer model to verlfy that the selected end to- end delay and buffer size are
dligned and do not cause buffer under-runs or overruns. At the MMT receiving entity side, the MMT
eceiving entity shall perform the buffering as instructed, so that each data unit experiehces the
signalled fixed end-to-end delay A before its payload is delivered to the application layer. Under the
dssumption that clocks are synchronized, the output time is then calculated basedon the trangmission
timestamp and the signalled fixed end-to-end delay.

2 Cross layer interface (CLI)

2.1 General

(Iross layer interface provides the means within the single MMT entity to support QoS by exdhanging
(JoS-related information between the application layer) and underlying layers including the
AC/PHY layer. The application layer provides information about media characteristics as tgp-down
QoS information while underlying layers provide bottom-up QoS information such as network|channel
dondition.

(LI provides the unified interface between theapplication layer and various network layers including
IEEE 802.11 WiFi, IEEE 802.16 WiMAX, 3G74G LTE, etc. Common network parameters of|popular
network standards are abstracted as the NAM for static and dynamic QoS control of real-tinje media
plication through any network.

2.2 Cross layer information

2.2.1 General

MT defines an interface for exchanging cross layer information between the application layerf and the
nderlying network’layer. The interface allows for top-down as well as bottom-up flow of cr¢ss layer
hformation. TheCesoss layer information provides QoS information that may be used by the jnvolved
inctions to optimize the overall delivery of the media data. MMT entities may support this interface
br cross layeriinformation.

—

b

2.2.2-Top-down QoS information

The application layer provides top-down QoS information about media characteristics to underlying
layers. There are two kinds of top-down information such as Asset level information (e.g. ADC) and
packet level information. Asset information is used for capability exchange and/or (re)allocation of
resources in underlying layers. Packet level top-down information is written in the appropriate field of
every packet for underlying layers to indentify QoS level to support.

12.2.3 Bottom-up QoS information

The underlying layers provide bottom-up QoS information to the application layer about time-varying
network condition which enables faster and more accurate QoS control in the application layer.
Bottom-up information is represented as an abstracted fashion to support heterogeneous network
environments. These parameters are measured in the underlying layers and read by the application
layer, periodically or on request of the MMT application.
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12.2.4 Network abstraction for media (NAM)

12.2.4.1 General

Network abstraction for media (NAM) is used for an interface between application layers and underlying
layers. NAM provides unified representation of network QoS parameters for assuring to communicate
with legacy and future standards of underlying layers.

If an MMT receiving entity supports CLI, it shall support the generation of all CLI parameters.

12.2.4.20 Absolute NAM

Absolut¢ NAM is raw QoS value measured in each appropriate unit. For example, bitrate is represented
in the unit of bits per second while jitter is in the unit of second.

12.2.4.3 Relative NAM

Relative| NAM represents the ratio of the expected NAM value to the current NAM value so that it is
unit-les§ and informs tendency of change.

12.2.5 Pyntax
The CLIjinformation is exchanged using a Network Abstraction for Media (NAM) or a relative NAM.

The syntax of the absolute parameters for NAM is defined in Tabl€ 65.

Table 65 — Absolute,NAM

Syntax Size (bits) Mnemonic
NAM {
Chr id 8 unsigned integer
aviailable bitrate 32 float
buffer fullness 32 float
peak bitrate 32 float
average bitrate period 16 unsigned integer
current delay 32 float
SDU_size 32 unsigned integer
SDU _loss_ratid 8 unsigned integer
generation tdme 32 unsigned integer
BER 32 float
}

The syntax-of the relative parameters for NAM is defined in Table 66.

Table 66 — Relative NAM

Syntax Size (bits) Mnemonic
relative NAM {
CLI id 8 unsigned integer
relative bitrate 8 float
relative buffer fullness 8 float
relative peak bitrate 8 Float
average bitrate period 16 unsigned integer
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Table 66 (continued)

Syntax Size (bits) Mnemonic
current _delay 32 float
generation_time 32 float
BER 32 float

}

2726 So
r—IT-Tav ammey

manticc
CTIITOITCICY

(&)

LI id-isanarbitrary integer number to identify the underlying MMT delivery network-for {
drotocol session.

=z

OTE Identification of MMT protocol session is outside the scope of this document.

vailable bitrate - is the instantaneous bitrate at measured gengration time
cheduler of the underlying network expects to be available for the MMTP session which
he MMTP packet. The available bitrate is expressed in kilobits¢per second. Overheag
rotocols of the underlying network is not included.

o 0 o »n Q)

uffer fullness - signals the buffer level of the generating funetion. The buffer is used t
any excess data caused by the data rates above the availablepitrate. Thebuffer full
xpressed in bytes.

(0)

eak bitrate - is maximum allowable bitrate at measured generation_time that the un|
etwork is able to handle temporarily as input from to the MMTP session which carries th
acket. The peak bitrate is expressed in kilobits per second. Overhead for the protoco
nderlying network is not included.

c 4 S0

verage bitrate period - provides the period of time over which the average
f the input of MMT procotol session~that carries the MMT packet shall be calculat
verage bitrate periodis provided in units of milliseconds.

QO Q)

Q

urrent delay - is measured-ttansport time for delay between the last hop network en
eceiving entity. The current  delay is expressed in milliseconds.

—

DU_size - specifies the length of the service data unit (SDU) in which the underlying networ
he MMTP packet over the“MMTP session. It is expressed in bits. Overhead for the protoco
nderlying network isnot included.

S o D

DU loss_ ratip~isafraction of SDUs lost or detected as erroneous. Loss ratio of MMTP pac
e calculated a§ afunction of SDU loss ratioand SDU size.The SDU loss ratiois ey
 percentile,

ekl @ uill §5)

denerabion time - is generation time of the current NAM which is based on the NTP tin
The g&neration time isexpressed in milliseconds.

he MMT

that the
carries
| for the

b absorb
nessis

derlying
e MMTP
s of the

bitrate
ed. The

tity and

kK carries
s of the

kets can
pressed

estamp.

nelative bitrate —the available bitrate change ratio (%) between the current

AM and

the previous NAM parameter.

relative buffer fullness - the remaining buffer fullness change ratio (%) between the

current NAM and the previous NAM parameter.

relative peak bitrate - the peak bitrate change ratio (%) between the current NAM and

the previous NAM parameter.

BER - bit error rate is the last measured BER at the PHY or MAC layer. For BER from the PHY layer, the
value shall be presented as a positive value. For BER from the MAC layer, this value shall be presented

as a negative value of which the absolute value is to be used.
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Annex A
(informative)

Jitter calculation in MMTP

Al G

MMT sp
accordir
Preserv
from dif
provide
underly

A2 N

Networl
using th
IETF RF
of MMT]

Dy

where T|
in an M]
arrived

The intg
spacing

T um

bneral

ecifies the timing model to be used for MMTP packets delivery. Delivery of timed media datp
g to their temporal requirements is an important feature supported by the MMT ‘protocal.
htion of timing relationships among packets in a single MMTP packet flow or between packets
ferent MMTP packet flows is another important feature of MMT. The delivery)timing modg¢l

also the necessary information to calculate jitter and the amount of delay introduced by thie
ng delivery network during the delivery of a Package.

etwork jitter calculation

L jitter calculation is essential for jitter compensation that maybe required by some service
e MMT protocol. Network jitter calculation method used~ifi this document is adopted froy
C 3550. Formula (A.1) is used to calculate the difference(in*packet spacing, Dyyr(i.j), for a pai
P packets i and j at the receiving entity:

7 (1,7)=(T4,j =Ta;i)=(Tp,; =Tp,i)=(Ta,; =Tp,; )= a,; ~Tp,) (A1)

=

[om

p,i and Tp; denote the delivery time instancé’of two MMTP packets i and j, respectively, carrie
TP packet header. The Ty,; and Ty j are the'time instances at which MMTP packets i and j hay
ht the MMT receiving entity, respectively:

[}

(i

r-arrival jitter, Jym7(i), which is-défined to be the mean deviation of the difference in packs
is calculated continuously according to Formula (A.2) every time an MMTP packet i is received:

7 (1)=Tyyr (=) +[Dypyg C=1,1)— ] yyr (i-1)1/16 (A9
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Annex B
(normative)

XML syntax and MIME type for signalling message

B.1 XML syntax

—

he following provides the XML syntax for the signalling messages that are defined in this dociiment.

?xml version="1.0" encoding="UTF-8"?>
xs:schema xmlns:xs=“http://www.w3.0rg/2001/XMLSchema" xmlns="urn:mpegsMMI:schema:
1ignalling:2013" targetNamespace="urn:mpeg:MMT:schema:Signalling:2013™
glementFormDefault="qualified" attributeFormDefault="unqualified">
<xs:annotation>
<xs:appinfo>MMT Signalling</xs:appinfo>
<xs:documentation xml:lang="en">This schema defines the ,syntax for MMT Signallling
nessaging that </xs:documentation>
</xs:annotation>
<xs:element name="Message">
<xs:complexType>
<xs:choice minOccurs="1" maxOccurs="1">
<xs:element name="PA message">
<xs:complexType>
<xs:sequence>
<xs:element name="table" . type="Table" minOccurs="1"
maxOccurs="unbounded" />
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="MPI meg'sage">
<xs:complexType>
<xXs:sequencex
<xs:element name="MPI table" type="MPIT"/>
<xs:element name="MP table" type="MPT" minOccurs="0"/>
<xs#any namespace="##other" processContents="skip"/>
</xs:seguence>
<xsifattribute name="associated MP table flag" type="xs:boolean"
use="optional" defa@ht="false"/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
£/%5: complexType>
<frevelement>
xS:element name="MPT message'>
<xs:complexType>
<xs:sequence>
<xs:element name="MP table" type="MPT"/>
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="CRI message'">
<xs:complexType>
<xs:sequence>
<xs:element name="CRI table" type="CRIT"/>
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="DCI message'>
<xs:complexType>
<xs:sequence>
<xs:element name="DCI table" type="DCIT"/>
<xs:any namespace="##other" processContents="skip"/>

N
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type="x
type="x
integer
integer
integer
type="x

process

</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="AL FEC message">

<xs:complexType>
<xs:sequence>

<xs:elemen

t name="fec flow">

<xs:complexType>

<xSs:
<

sequence>
xs:element name="FECConfiguration">
<xs:complexType>
scattribute name="repair flow id" type="xs:integer”

s

B

:integer”/>

:integer”/>

"/ >
//>
/>

:integer” />

</xs:complexType>

Contents="skip"/>

<

<
</xs
<XS:
<xs
<XS:
<xs
<XS:
<xs
<XS:

<xSs:

</xs:complexType>

</xs:el
</xs:seque

</xs:element>

<xs:element name="HRBM message">

<xXs:co

<xs:attiibute name="max buffer size" type="xs:integer”/>

<xs:aftfpibute name="fixed end to end delay" type="xs:integer”/>

<xstattribute name="max transmission delay" type="xs:integer”/>

<%sjanyAttribute namespace="##other" processContents="skip"/>
</Xg/reomplexType>

mplexType>

</xs;:€lement>

<xs:element name="ADC message'">
<xs:complexType>
<xs:attribute name="ADC level flag" type="xs:boolean”/>
————————————— <xsattribute neme=!'MPUsequence number ' type=us+integer!

minOccurs="0"/>

108

<xs

<xs
<xs
<xs
<xs

<xs
<xs
<xs
<xs
<xs
<xs

:attribute

:attribute
:attribute
:attribute
:attribute

:attribute
:attribute
:attribute
:attribute
:attribute
:attribute

:attribute name="sourcé(flow id" type="xs:integer”/>
rattribute name="feg\coding structure" type="xs:integer”/>

rattribute names!ffsrpts flag" type="xs:boolean”/>

<xs:attribute name="maximum k for repair flow"
<xs:attribute name="maximum p for repair flow"
<xs:attribute name="protection window time" . type="xs:
<xs:attribute name="protection window sigz&'" type="xs:
<xs:attribute name="num of layer for.LAFEC" type="xs:
<xs:attribute name="fec code_id fe¥//repair_ flow"
<xs:anyAttribute namespace="#fother"
</xs:complexType>

/xs:element>

xs:any namespace="##other" @riocessContents="skip"/>

:sequence>

attribute name="fec flow Nd" type="xs:integer”/>

attribute name="packet ids" type="ListT" />

attribute name="ssbg_mode"_type="xs:integer"/>

attribute namg="length of repair symbol" type="xs:integer”

anyAttribute namespace="##other" processContents="skip"/>

emeng>
nce>

name="packet_id" type="xs:integer”/>

name="loss_tolerance" type="xs:integer”/>
name="jitter sensitivity" type="xs:integer”/>
name="class_of service" type="xs:boolean” />
name="bidirection_indicator" type="xs:boolean”/>

name="flow_label" type="xs:integer”/>
name="sustainable rate" type="xs:integer" minOccurs="0"/>
name="buffer size" type="xs:integer" minOccurs="0"/>
name="peak rate" type="xs:integer”/>

name="max_MFU_size" type="xs:integer” />

name="mfu period" type="xs:integer”/>
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<xs:complexType name="mmt:OperationPointCharacteristics">
<xs:attribute name="sampleGroupIndex" type="xs:integer”/>
<xs:attribute name="operationPointSpatialQuality" type="xs:integer”/>
<xs:attribute name="operationPointTemporalQuality" type="xs:integer”/>
<xs:attribute name="operationPointBitrate" type="xs:integer”/>
<xs:anyAttribute processContents="lax">

</xs:complexType>

<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>

</xs:choice>
<xs:attribute name="message id" type="xs:integer”/>
<xs:attribute name="version" type="xs:integer”/>
<xs:anyAttribute namespace="##other" processContents="skip" />
</xs:complexType>
</xs:element>

<xs:complexType name="Table">
<xs:attribute name="table id" type="xs:integer”/>
<xs:attribute name="version" type="xs:integer”/>
<xs:anyAttribute namespace="##other" processContfents="skip"/>
</xs:complexType>

<xs:complexType name="PAT">
<xs:complexContent>
<xs:extension base="Table">
<xs:sequence>
<xs:element name="location!\ maxOccurs="unbounded">
<xs:complexType>
<xs:sequence>
<xs:element mame="MMT general location info" type="MMT genejral
YJYocation info type" maxOccurs="2"/>
<xs:any mamespace="##other" processContents="skip"/>
</xs:sequence>
<xs:attribute name="alternative location flag" type="xs:boolean|”/>
<xs:afitribute name="signalling information table id" type="xs:
integer”/>
sxscattribute name="signalling information table version" typeF"xs:
integer” />
Kxs:anyAttribute namespace="##other" processContents="skip"/>
<) xs:complexType>
&/Rs:element>
<{x$:sequence>
</%grextension>
</xsicomplexContent>
</xsscomplexType>

kst complexType name="MMT general location info type">
<xs:choice>

bl e i1} ]
S-S rehmehT—at SSeT

<xs:complexType>
<xs:attribute name="packet id" type="xs:integer”/>
</xs:complexType>
</xs:element>
<xs:element name="flow">
<xs:complexType>
<xs:attribute name="ipv4 src_addr" type="xs:string”/>
<xs:attribute name="ipv4 dst addr" type="xs:string”/>
<xs:attribute name="dst port" type="xs:integer”/>
<xs:attribute name="packet id" type="xs:integer”/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>
<xs:element name="flow ipv6">
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<xs:complexType>
<xs:attribute name="ipv6 src_ addr" type="xs:string”/>
<xs:attribute name="ipv6 dst addr" type="xs:string”/>
<xs:attribute name="dst port" type="xs:integer”/>
<xs:attribute name="packet id" type="xs:integer”/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>
<xs:element name="M2TS">
<xs:complexType>
<xs:attribute name="network id" type="xs:integer”/>
cattribnte pame="MPEG 2 transport stream id" type="xs:integer”
<xs:attribute name="MPEG 2 PID" type="xs:integer”/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>

<xs:element name="M2ES">
<xs:complexType>
<xs:attribute name="ipv6 src addr" type="xs:string”/>
<xs:attribute name="ipvé6 dst addr" type="xs:string”/>
<xs:attribute name="dst port" type="xs:integer”/>
<xs:attribute name="MPEG 2 PID" type="xs:integer”/>
<xs:anyAttribute namespace="##other" processContentg="skip"/>
</xs:complexType>
</xs:element>
<Yxs:choice>
</xsfcomplexType>

<xs:fpomplexType name="MPIT">
ks :complexContent>
<xs:extension base="Table">
<xs:sequence>
<xs:element name="PI_ fragment">
<xs:complexType>
<xs:sequence>
<xs:element name="fragment">
<xs:complexTypes
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="mime type" type="xs:string”/>
</ne¢:extension>
</%s:simpleContent>
</xsicomplexType>
</xspelement>
<xs:any namespace="##other" processContents="skip"/>
</xsksgquence>
</xsucomplexType>
</xs:element>
<xs:3any namespace="##other" processContents="skip"/>
</xs:setuence>
</xs:extension>
<Yxs:compiexContent>
</xsf complexType>

A

<xs:pémplexType name="MPT">

<hsseomptexContent
<xs:extension base="Table">
<xs:sequence>
<xs:element name="asset" type="AssetT"/>
<xs:element name="descriptor" type="DescriptorT"/>
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
<xs:attribute name="MP table mode" type="xs:integer”/>
<xs:attribute name="MMT package id" type="xs:string”/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="CRIT">
<xs:complexContent>
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<xs:extension base="Table">
<xs:sequence>
<xs:element name="CRI descriptor" type="CRIDI"/>
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="DCIT">
<xs:complexContent>
scextension bhase="Table"
<xs:sequence>
<xs:element name="asset">
<xs:complexType>
<xs:choice>
<xs:element name="video">
<xs:complexType>
<xs:attribute name="video average bitrat@%-type="xs:

integer” />
<xs:attribute name="video maximum bitrate" type="xs:
integer” />
<xs:attribute name="horizontal resg@fution" type="xs:
integer”/>
<xs:attribute name="vertical (esOlution" type="xs:intleger”/>
<xs:attribute name="temporal “Wésolution" type="xs:intleger”/>
<xs:attribute name="video minimum buffer size" type="[s:
integer”/>
<xs:anyAttribute namespace="##other"
drocessContents="skip"/>
</xs:complexType>
</xs:element>
<xs:element name="auddo">
<xs:complexTypeX
<xs:attribufle name="audio average bitrate" type="xs:
integer”/>
<xs:attribute name="audio maximum bitrate" type="xs:
integer” />
<xgjabttribute name="audio minimum buffer size" type="[xs:
integer”/>
%8s :anyAttribute namespace="##other"
drocessContents="skip"/>
</xs:complexType>
<JXs:element>
<xs:element name="download">
<xs:complexType>
<xs:attribute name="required storage" type="xs:integelr”/>
<xs:anyAttribute namespace="##other"
drocessContents&*skip" />
</xs:complexType>
</xs:element>
</xs:choice>
<xs:attribute name="mime type" type="xs:string”/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>

sl (1] fal . i TIPS P 1}
TeT Tr =SS TeenTsS ST
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</xs:sequence>
</xs:extension>
</xs:complexContent>

</xs:complexType>

<xs:complexType name="AssetT">
<xs:sequence>
<xs:element name="asset clock relation">
<xs:complexType>
<xs:attribute name="asset clock relation id"/>
<xs:attribute name="asset timescale"/>
</xs:complexType>
</xs:element>
<xs:element name="MMT general location info" type="MMT general
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location info_ type"/>

<xs:element name="asset id" type="asset id T"/>

<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
<xs:attribute name="mime type" type="xs:string”/>
<xs:attribute name="default asset flag" type="xs:boolean”/>
<xs:anyAttribute namespace="##other" processContents="skip"/>

</xs:complexType>

<xs:complexType name="DescriptorT">
<xs:attribute name="descriptor tag" type="xs:integer”/>
</xss.caomplexType

<xs:fpomplexType name="CRIDT">

<ks:complexContent>

<xs:extension base="DescriptorT">
<xs:attribute name="clock relation id" type="xs:integer”/>
<xs:attribute name="STC sample" type="xs:integer”/>
<xs:attribute name="NTP timestamp sample" type="xs:dateTime”/>

</xs:extension>

<fxs:complexContent>

</xsf complexType>

<xs:pomplexType name="MPUTSD">
ks :complexContent>
<xs:extension base="DescriptorT">
<xs:attribute name="mpu sequence number" type="xs:integer”/>
<xs:attribute name="mpu presentation time" type=<Uxs:dateTime”/>
</xs:extension>
<fxs:complexContent>
</xs|complexType>

A

<xs:pimpleType name="ListT">
<ks:list itemType="xs:integer”/>
</xsksimpleType>

<xs:fomplexType name="asset id T">
ks:simpleContent>
<xs:extension base="xs:stringl>
<xs:attribute name="asset\id scheme" type="xs:string”/>
</xs:extension>
<fxs:simpleContent>
</xsfcomplexType>

A

<xs:fomplexType name="Identifier mapping">
<ks:choice>
<xs:element nam€z"asset id" type="asset id T"/>
<xs:element Aame="URL" type="xs:anyURI”/>
<xs:element name="RegEx" type="xs:string”/>
<xs:elemewt-name="RepresentationId" type="xs:string”/>
<Y xs:choice¥
<ks:attrikute name="identifier type" type="xs:integer" use="optional” default="0"/>
<ks:anyAttribute namespace="##other" processContents="skip"/>
</xsf complexType>
</xs:schéma>
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B.2 MIME type
The type “application/mmt-signalling+xml” may be used for files containing XML formatted MMT
messages.

MIME media type name: application

MIME subtype name: mmt-signalling+xml

Required parameters: none

(ptional parameters: none

(@s)]

ecurity considerations: None

o+ —

—_—

ublished specification: ISO/IEC 23008-1.

Applications which use this media type: Multimedia

Herson and €smail address to contact for further information:

]

htended usage: COMMON

(Jhange controller: MPEG

[Pngoing work related to this registration may introduce new optional parameters.]

Hncoding considerations: Files are XML formatted with UTF-8 encoding

[[There is currently no provision for signing or authentication of MMT signalling message.]

Additional information: None
Nagic number(s): None
Hile extension(s): .xml and .msm may both be used.

hteroperability considerations: The MPEG organization has defined the specification, which d¢fines
he XML schema to enable validation of the MMT signalling message files.
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Annex C
(normative)

AL-FEC framework for MMT

C.1 General

MMT prpvides an AL-FEC mechanism for reliable delivery in IP network environments. The MMT FE
scheme |s described as a building block of the delivery function. After packetization, MMTP packets ar
passed to the MMT FEC scheme for protection. The MMT FEC scheme returns repair symbeols with FE
payload|IDs. Then, the repair symbols are delivered by MMT protocol with the MMTP packets. The FE
configufation information provides the identification of FEC encoded flow, the information specifie
FEC codjing structure and FEC code. It is delivered to the MMT receiving entity fdr FEC operation. Thie
outlined architecture is depicted in Figure C.1.

[*"N O NN

The MMT sending entity determines the Assets within Packages whichCrequire protection and t
number|of FEC source flows. One or more of the Assets are protected as @ single FEC source flow, whic
consists{of MM TP packets carrying one or more Assets. The FEC source-flow and its FEC configuratio
information are passed to the MMT FEC scheme for protection. The MMT FEC scheme uses FEC code(3)
to generjate repair symbols composing one or more FEC repair flews. They are passed to MMT protocgl
along wijth FEC payload IDs. Then, the MMT protocol delivers*FEC source and repair packets to t
MMT refeiving entity. At the MMT receiving entity, the MM T-protocol passes the FEC source flow an
its asso¢iated FEC repair flow(s) to MMT FEC scheme. Thén, the MMT FEC scheme returns recovere
MMTP packets.

oMo
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The MMT FEC scheme divides the FEC source flow into source packet blocks and generates sourd
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FEC scheme can be operated in two different modes. FEC payload ID mode 0, which is adding
a sourcg FEC payload ID to the MMTP packet, and FEC payload ID mode 1, which does not modify MMTP
packets]C.3 to C.5 describe the,details for FEC payload ID mode 0 and C.6 for FEC payload ID mode 1.
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FEC payload ID

FEC source packet
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FEC signaling |
| FEC repair packet

Figure C.1 — Architecture for AL-FEC in MMT

.2 FEC coding structure

.2.1 General

he MMT FEC schemgprovides multi-level construction of MMTP packets for layered or non

-layered

hedia data for an appropriate level of protection of each Asset in an FEC source flow. Note that an FEC

purce flow may 8lso be an MM TP sub-flow that carries signalling messages. This subclause sh
EC coding struictures. One is a two-stage FEC coding structure and the other is a layer-aware ]
EC) codingstructure.

.2.2 . Two-stage FEC coding structure

T

pws two
FEC (LA-

his)subclause specifies the two-stage FEC coding structure as an FEC coding structure for A

L-FEC to

protect a source packet block which consists of a predetermined number of MMTP packets. The two-
stage FEC coding structure is depicted as shown in Figure C.2.
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source packet block

;

1st source 2nd source Mth source
packet block packet block packet block
|___r4‘ _______ L______ _____ L___
| lntt source 2nd source Mth source
|| sy bol block symbol block symbol block
L

1s$t source 2nd source Mth souré
symbol block symbol block symb}&lock

Figure C.2 — Two-stage FEC coding structure

NOTE In Figure C.2, the ith P1 is the repair symbol blockfor the ith source symbol block and P2 is the repa
symbol bllock for the source symbol block (i=1, 2, ..., M).

—

The source packet block shall be encoded in one,of the following FEC coding structures:
— Cas¢ 0: No FEC coding applied;

— Cas¢ 1: One-stage FEC coding structure;

— Cas¢ 2: Two-stage FEC codingrstructure.

For the fwo-stage FEC coding-structure, one source packet block is split into M (>1) number of sourg
packet Qlocks. The split ithSource packet block is converted to the ith source symbol block with one d
the SSBG modes defineddn C.3.3. Then, the ith source symbol block is encoded by FEC 1 code (i=1, 2
.., M). Then, M source §ymbol blocks are concatenated to form a single source symbol block encoded b
FEC 2 cdde. The M number of repair symbol blocks are generated from M source symbol blocks by FE
1 code, respectively, and one repair symbol block is generated from the concatenated source symbg
block byl FEC 2<code.

- = D

= <

For Casq @;both FEC 1 and FEC 2 encoding shall be skipped, i.e. no repair symbols are generated.

For Case 1, M shall be set to “1” and either FEC 1 encoding or FEC 2 encoding shall be skipped.

C.2.3 Layer-aware FEC (LA-FEC) coding structure

Layer-aware FEC (LA-FEC) is a FEC coding structure that can be applied with any FEC code and is
specific for layered media data (e.g. SVC, MVC, or any other). The LA-FEC exploits the dependency
across layers of the media for FEC construction and consists in the generation of several repair flows
associated to each layer, where each repair flow protects the data of its corresponding layer and the
data of all layers, this layer depends on (hereafter referred to as the complementary layer), if any.

First, the MMTP packets from the different layers are grouped into source symbol blocks independently.
When the LA-FEC structure is used, the source symbol block generated for FEC encoding of a repair
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