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Foreword

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

<F.\:aced.l.u.s_used_m_d.e.\Le!.a.p_r.b.is_d.a.cu.m.en.t_a.nd_f.b.asp_i.n.ten.d.ed_fm'_i.rs_ﬁu.v.ﬂa.m‘_J;naintenance
escribed in the ISO/IEC Directives, Part 1. In particular, the different apprgval criteria

The
are
need
accorfdance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.is0.0rg/

pd for the different types of document should be noted. This document~was

drafted in
lirectives or

www.iec.ch/members_experts/refdocs).

Atterltion is drawn to the possibility that some of the elements of this do€ument may be
of patent rights. ISO and IEC shall not be held responsible for identifyihg any or all
rightf. Details of any patent rights identified during the development of the document v
Introduction and/or on the ISO list of patent declarations received (sé€ www.iso.org/paten
list o

Any frade name used in this document is information given«orthe convenience of users
consfitute an endorsement.

For
expre
the World Trade Organization (WTO) principles in the Technical Barriers to Tradg
www.iso.org/iso/foreword.html. In the IEC, se&&www.iec.ch/understanding-standards.

e the subject
such patent
yill be in the
Ls) or the IEC

patent declarations received (see https://patents.iec.ch).

gn explanation of the voluntary nature of standards, the meaning of ISO specifi

This
Subc

This fthird edition cancels and replaces the second edition (ISO/IEC 23008-1:2017), wh
techntically revised. It also incorporates the Amendment ISO/IEC 23008-1:2017/Amd 1:201

The main changes are as follows:

document was prepared by Joint Technical Committee ISO/IEC JTC 1, Informatiof
mmittee SC 29, Coding of audio, pictire, multimedia and hypermedia information.

dddition of signalling'message for layout configuration;
addition of signalling messages related to delivery over mobile networks;
dddition pf\signalling messages to support multipath delivery;

additiomn of procedcure for session setup and control;

hnd does not

c terms and

ssions related to conformity assessment, as well as information about ISO's adherence to

(TBT) see

1 technology,

ch has been
7.

AdaGonof 1 for using WebSockets.

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

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

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

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

considerati

For efficient
networks, th

— thelogig
compon

— the form
such as

— the pac}
switche

channels;

— the form

and effective delivery and consumption of coded media data over packet-switched |de
is document provides the following elements:

ivery

al model to construct contents composed of components from various soufe€s, for example,

ents of mash-up applications;

ats to convey information about the coded media data, to enable delivery layer proce
backetization;

fetization method and the structure of the packet to deliver) media content over p:
1 networks supporting media and coding independentZhybrid delivery over mu

Py

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

5sing,

icket-
Itiple

viii
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Information technology — High efficiency coding an
media delivery in heterogeneous environments —

Part 1:
MPEG media transport (MMT)

d

1 3

This
enca
multi
packg
Protd
may

cope

sulation format, delivery protocols and signalling messages for transport and
media data over heterogeneous packet-switched networks for multimedia servic
t-switched networks supported by this document include bidirectiodal networks suc
col (IP) networks and unidirectional networks such as digital breadcast networks ((
ot use the IP).

The tlechnologies specified by this document belong to one of-three functional areas of
procgssing unit (MPU) format, signalling messages and delivetry-protocol.

The MPU format specifies the “mpus” branded ISO-based media file format (ISOBMFF) e
both [timed and non-timed media contents. The MPU\format is a self-contained ISOBM
enabling independent consumption of media data, which hides codec-specific details from
functfion.

The
for
confi

ignalling functional area specifies the~formats of signalling messages carrying
anaging media content delivery and, consumption, e.g. specific media locations
buration of media contents.

The ¢
typeq
docu
area
contd

lelivery functional area specifies the payload formats that are independent of med
, which allow fragmentatign and aggregation of contents encapsulated as speci
ment for delivery using-packet-switched oriented transport protocols. The deliver
hlso provides an application layer transport protocol that allows for advanced deliv
nts.

2

The following documents are referred to in the text in such a way that some or all of t
consfitutessrequirements of this document. For dated references, only the edition cited
undafed references, the latest edition of the referenced document (including any amendme

ormative references

document specifies MPEG media transport (MMT) technologies, which."include a single

delivery of
es. Types of
h as Internet
Vhich may or

MMT: media

hcapsulating
FF structure
the delivery

information
ind delivery

a and codec
fied by this
y functional
ery of media

heir content
applies. For
nts) applies.

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

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

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

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

© ISO/IEC 2023 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1.1
access unit
AU

IEC Electroped

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

ia: available at https://www.electropedia.org/

smallest media data entity to which timing information can be attributed

3.1.2

asset
any multimg
multimedia

3.1.3
dependent §
asset (3.1.2)
content

3.14
encoding sy
unit of data

3.1.5
encoding sy
set of encodi

3.1.6
FEC code
algorithm fo

3.1.7

FEC encode
logical set o
flows (3.1.9)

3.1.8

FEC payloag
identifier th
(3.1.16)

3.19
FEC repair f{
data flow ca

dia data entity that is associated with a unique identifier and that is used for build
bresentation

isset
for which one or more other assets are necessary for decoding of(the contained 1

mbol
renerated by the encoding process

mbol block
hg symbols (3.1.4)

I encoding data such that the encoded\data flow is resilient to data loss

 flow
 flows that consists of an FEC Source flow (3.1.11) and one or more associated FEC 1

| ID
ht identifies the-centents of an MMTP packet (3.1.20) with respect to the MMT FEC sc

low
Frying/repair symbols to protect an FEC source flow (3.1.11)

ing a

nedia

repair

heme

3.1.10

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

3.1.11

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

3.1.12

FEC source packet

MMTP packe

t (3.1.20) protected by an FEC encoding

© ISO/IEC 2023 - 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
codec agnostic

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

3.1.1p
MMT| FEC scheme
forward error correction procedure that defines the additional protocol aspects required to use an FEC
scherhe in MMT

3.1.1y
MMT] protocol

MMT|P

applitation layer transport protocol for delivering MMTP payload (3.1.22) over IP networkj

3.1.1B
MMT]| receiving entity
MMTlentity (3.1.15) that receives and consumes media'data

3.1.1p
MMT]| sending entity
MMTlentity (3.1.15) that sends media data te one or more MMT receiving entities (3.1.18)

3.1.2p
MMT|P packet
formatted unit of the media datato be delivered using the MMT protocol (3.1.17)

3.1.211
MMT|P packet flow
sequé¢nce of MMTP packets (3.1.20) with same MMT sending entity (3.1.19) and MMT redeiving entity
(3.1.18)

3.1.2p
MMT|P payload
formatted-unit of media data to carry Packages (3.1.26) and/or signalling messages using either the
MMT [protocol (3.1.17) or an Internet application layer transport protocols (e.g. RTP).

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

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

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

© ISO/IEC 2023 - All rights reserved 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
3.1.28

ID (3.1.8) for repair packets

repair packet block

segmented s

et of FEC repair flow (3.1.9) which can be used to recover lost source packets

3.1.29

encoding sy

3.1.30

repair sym£ol

bol that contains redundancy information for error correction

repair symbol block

set of repair

3.1.31
source FEC
FEC payload

3.1.32
source pacK
segmented s

3.1.33
source sym
unit of data t

3.1.34
source sym
set of source

3.1.35
timed data
data that ha

3.1.36
asset delive
ADC
description 3

Note 1 to enty

symbols (3.1.29) which can be used to recover lost source symbols (3-1.33)

payload ID
/D (3.1.8) for source packets

et block
et of FEC source flow (3.1.11) that is to be protectéd as a single block

bol
o be encoded by an FEC encoding process

bol block
symbols (3.1.33) generated frotwa single source packet block (3.1.32)

inherent timeline information for the decoding and/or presentation of its media con

ry characteristics

ibout required quality of service (QoS) for delivery of assets (3.1.2)

yv: ADO1is represented by the parameters agnostic to a specific delivery environment.

fents

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
AL-FEC
ARQ
AU

asset delivery characteristics
application layer forward error correction
automatic repeat request

access unit

© ISO/IEC 2023 - All rights reserved
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AVC advanced video coding

CLI cross layer interface

CRI clock relation information

DCI device capability information
EVC essential video coding

GFD generic file delivery

HRBM hypothetical receiver buffer model
HTTH hypertext transfer protocol
ISOBMFF ISO base media file format
LA-FEC layer aware forward error correction
LR license revocation

LS license signalling

MPI media presentation information
MC measurement configuration
MFU media fragment unit

MMT MPEG media transport

MMTP MMT protocol

MP MMT package

MPU media processing anit

MTU maximum transmission unit
MVC multi-view video coding

NAM network abstraction for media
NTP network time protocol

PA package access

PID packet identifier

PTP precision time protocol

RAP random access point

RTP real-time protocol

SDP session description protocol

SI security information

SSWR security software request

© ISO/IEC 2023 - All rights reserved 5
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SvC scalable video coding

TCP transmission control protocol
TS transport stream

UDP user datagram protocol

URI uniform resource identifier
URL uniform resource locator
URN uniform resource name

UuID universally unique identifier
UTC coordinated universal time
XML extensible mark-up language

4 Conver]ltions
The followinlg convention applies in this document.

— The Big Endian number representation scheme is used.

5 Overview

This documé¢nt defines a set of tools to enable advan€ed media transport and delivery serviceg. The
tools spread| over three different functional areas; media processing unit (MPU) format, delivery and
signalling. Even though the tools are designed totbe efficiently used together, they may also be|used
independently regardless of the use of tools front'the other functional areas.

The media grocessing unit (MPU) functional area defines the logical structure of media content, the
Package and|the format of the data units to be processed by an MMT entity and their instantiatior] with
the [SO base|media file format as spécified in ISO/IEC 14496-12. The Package specifies the compopents
comprising the media content and the relationship among them to provide necessary informati¢n for
advanced dglivery. The formatiof data units in this document is defined to encapsulate the en¢oded
media data for either storage-er delivery and to allow for easy conversion between data to be stored
and data to lpe delivered (seeClause 7).

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

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

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

e 2 depicts the end-to-end architecture for this document. The MMT sending entity is
nding the Packages to the MMT receiving entity as MMTP packet flows. The sendin

hge that is provided by a.Package provider.

kage provider andicontent providers may be co-located. Media content is provided
5 segmented intoa’series of encapsulated MMT Processing Units that forms a MMTP |

IMTP packetflow of such content is generated by using the associated transport ch
mation. Signalling messages may be used to manage the delivery and the consumption

responsible
o entity may

quired to gather contents-ffom content providers based on the presentation information of the

as an Asset
backet flow.

aracteristics
of Packages.

Hocument defines the interfaces between the MMT sending entity and the MMT rece

piving entity,

Il their operations. The MMT sending entity shall conform to the sender operatiorlls as defined

in Cla

use 7.
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Figure 2 — End-to-end architecture of MMT
An MMT recgiving entity operates at one or more MMT functiondl areas. An exemplary MMT recs
entity architecture is shown in Figure 3.
The MMT protocol (MMTP) is used to receive and de-multiplex the streamed media based o

packet ida
carried and

The present
content that

d the payload type. The de-capsulation procedure depends on the type of payload t
s processed separately and thus, is not'shown here.

htion engine layer is responsible fot’setting up the multimedia scene and referencin
is received using the MMT protocol.
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Figure 3 — Example of MMT receiving entity
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6 MMT data model

6.1

General

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

MPU,

Asset and Package using signalling messages.

The collection of the encoded media data and its related metadata builds a Package. The Package may be

deliv
medi

An As

provider that is offering it, so that an Asset can be globally uniquely identified.”/Assets w

ident]

encodlings of the same content but they are not interchangeable.

MMT
this g
prese

Each
Asset
prese

6.2

As shHown in Figure 4, a Package is a logicaleéntity. A Package shall contain one or more

infor
Asset
appli
It car
MPU5

An A
An A
timed

bred from one or more MMT sending entities to the MMT receiving entities. Each pied
h data of a Package, such as a piece of audio or video content, constitutes an Assetf

set is associated with an identifier which may be agnostic to its actual physical focati

fiers shall not be interchangeable. For example, two different Assetsimay carry t

does not specify a particular identification mechanism but allows the usage of URIs
urpose. Each Asset has its own timeline which may be of differént duration than that
ntation created by the Package.

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

Package

mation documents such as one specified in ISO/IEC 23008-11, one or more Assets
, an associated asset delivery chatdcteristics (ADC). In other words, as processing of]

be also considered that one Package is composed of one presentation information,
and associated ADC for each Asset.

bset is a collection of on€ or more media processing units (MPUs) that share the sa
bset contains encoded media data such as audio or video or a web page. Media data ¢
| or non-timed.

e of encoded

bn or service
ith different
wo different

or UUIDs for
of the whole

of the same
ently by the

presentation
hnd for each
a Package is

ed per MPU basis and an Asset,is a collection of one or more MPUs that share the sajme Asset ID.

one or more

me Asset ID.
an be either
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Figure 4 — Overview of Package

Assets for gonsumption. The combination of HTML5 and composition information (CI) documnents
specified in [SO/IEC 23008-11 is an example of Pl documents. In addition, media presentation description
(MPD) specified in ISO/IEC 23009-1 can also be used as PI document. A Pl document may also belused
to determing the delivery order of Assets in a Package. A PI document shall be delivered either as one
or more sigrjalling messages defined in this document (see 10.3.3) or as a complete document by [some
means that is not specified in this document. Iif*the case of broadcast delivery, service providers may
decide to caffousel PI documents and determine the frequency at which carouseling is to be perforjmed.

Presentation] information (PI) documents specify the spatial and temporal relationship amor:‘fgI the

Asset delivery characteristics (ADC). shall provide the required QoS information for transmission
of Assets. Multiple Assets can be associated with a single ADC. However, a single Asset shall rjot be
associated vEth multiple ADCs. This information can be used by the entity packetizing the Packqge to
configure the fields of the MMTPR:\payload header and MMTP packet header for efficient delivery of the
Assets.

ADC may pr¢vide information about an Asset that is relevant for the transport of that Asset.

NOTE Arnex D contains a QoS management model for MMT.

6.3 Asset

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

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

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

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

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

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

For packetization purposes, an MPU may be fragmented into data units that may be smaller than an

Acces
in the

MPUs

An M
MPE(

For a
assef
equa
by th|
presq
the x

sampjle boundaries of the j-th media time interval (defined by the “sidx” box) for j differg

the a
MPU
is pre
Asset
Asset

s Unit (AU). The syntax and semantics of MPU are not dependent on the type of media
MPU.

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

PU may contain a portion of data formatted according to other standaxnds, e.g. MP
-2 TS.

hy Asset with asset id x that depends on Asset with asset_id, ¥, the m-th MPU of th
_id x and the n-th MPU of the Asset with asset id Y shall beien-overlapping wher
to n, i.e. no sample in the m-th MPU of Asset with asset i R is inside the time intg
e sample boundaries of the n-th MPU of Asset with assetZid v. Additionally, if the

nt, the media intervals defined by the “sidx” box shall be non-overlapping, i.e. no meg
Lth media interval (defined by the “sidx” box) in andMPU is inside the time interval d¢

hsence of an “sidx” box, the concatenation of the'y-th MPU of Asset with asset _id vV
pf the Asset with asset id x without its MPU metadata results in a valid MPU. When ¢
sent, the concatenation of the k-th media-interval (defined by the “sidx” box) of the
with asset id vy with the k-th mediainterval (defined by the “sidx” box) of the j-t
with asset_id x following the metadata of the MPU with asset id v resultsinaval

data carried

EG-4 AVC or

e Asset with
ever m is not
rval defined
‘sidx” box is
lia sample in
rfined by the
nt from k. In
vith the 5-th
In “sidx” box
j-th MPU of
h MPU of the
d MPU.

A single MPU shall contain an integral number of AUs or non-timed data. In other words, for timed data,
a single AU shall not be fragmented«into multiple MPUs. For non-timed data, a single MPU fontains one
or m¢re non-timed data items to-be consumed by presentation engine.
An MPU shall be identified by-an associated Asset identification (asset_id) and a sequencelnumber.

Agset #3 MPU #1

Apset#2 MPU #1 \ MPU #2 MPU #3

M\
Asset #1 MPU #1 * MPIk\ MPU #3
Presentation timeline t

Figure 5 — Example of mapping MPUs to the presentation timeline
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An MPU that contains timed media shall have at least one Stream Access Point (SAP) as defined in
ISO/IEC 14496-12:2022, Annex I. The first access unit of an MPU shall be an SAP (of SAP type 1, 2, or
3) for processing by an MMT entity. For timed media, this implies that the first AU in the MPU payload
is always the first in decoding order. For the MPU containing the data formatted according to other
standards, the MPU payload starts with the information necessary for the processing of such a format.
For example, if an MPU contains video data, the MPU payload contains one or more groups of pictures
and the decoder configuration information is required to process them. For timed media data, the
presentation duration and the decoding order and the presentation order of each AU are signalled as
part of the fragment metadata. The MPU does not have its initial presentation time. The presentation
time of the first AU in an MPU is described by the PI document. The PI document specifies the initial
presentation time of each MPU. Figure 5 depicts an example of the timing of the presentation of MPUs

from differe
that the MM
later point, )
#2 are to be
presentation
the indicate
order of the
presentation

An MPU thaf
defined in IS

6.5 Asset

6.5.1 Gen

The asset dg
delivery. Eag
an MMT sen
to which a
protocol agn

Nt Assets that are provided by the Pl document. In this example, the PI document spe
T receiving entity shall present MPU #1 of Asset #1 and of Asset #2 simultanegusly
IPU #1 from Asset #3 is scheduled to be presented. Finally, MPU #2 of Asset #il\and
presented in synchronization. The specified presentation time for an MRU.defing

l offset shall be applied to the composition time of the first sampledn-the present
MPU in addition to the presentation time provided by any presentation informatior
time of every MPU shall be provided as part of the presentation information.

contains non-timed media data may designate one data item as’the primary data it
0/1EC 14496-12:2022, 8.11.4.

delivery characteristics

bral

livery characteristic (ADC) describes the QoS requirements and statistics of Asse
h Asset in a Package shall be associatedwith an ADC. The ADC for each Asset is us
ding entity to derive the appropriate, QoS parameters and the transmission parani
resource reservation and a delivery policy may apply. The ADC is represented

cifies
LAt a
Asset
s the

time of the first AU in the presentation order of that MPU. If any “c1stb0x is available,

ation
. The

Em as

ts for
ed by
eters
in a

ostic format to be generally used-by QoS control service entity defined by other standard

development organizations, such as IETF, 8GPP, IEEE, etc. It consists of a gos descriptor elemert and
a bitstream|descriptor element. ADC istan XML file that conforms to the schema in 6.5.3. The MIME
type of ADC |is defined in B.2.

6.5.2 AD(descriptors

6.5.2.1 Q@S descriptor

The Qos _degcriptor element defines required QoS levels on delay and loss for Asset delivery. It
consists of Joss _toPerance attribute, jitter sensitivity attribute, class of service attributg and
bidirection indicéator attribute.

6.5.2.2 Bitstream descriptor

The bitstream descriptor element provides the statistics of an Asset. It provides the parameters to
implement token bucket traffic shaping such as sustainable rate and buffer size. In addition, peak rate
and maximum MFU size represent burstiness of an Asset as shown in Figure 6, where burstiness is
defined as a ratio between a peak rate and sustainable rate.
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— buffer_size [bytes]

Bitrate .
[kbps] [~~~ //77/ —————— peak_rate [bits per sec]
w7
'—‘—_"// //’/74_— ————— sustainable_rate [bits per sec]
(]
N

‘ ' Time [sec]
MFU_period [ms]

X max_MFU_size [Kbits] = MFU-period x peak_rate

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

6.5.3| Syntax

<complexType name="AssetDeliveryCharagteristic">
sequence>
<element name="QoS descriptor" type="mmt:QoS descriptorType" />
<element name="Bitstreamidescriptor" type="mmt:Bitstream descriptorType|/>
/sequence>
</conplexType>

<comglexType name="QoS,é descriptorType">

attribute name="¢lbss tolerance " type="integer"/>
attribute name#"jitter sensitivity" type="integer"/>
attribute nanfes"class of service" type="boolean"/>
attribute name="bidrection indicator" type="boolean"/>
</conplexType>

<complexType-name="Bitstream descriptorType">
chofce>
<complexType name="Bitstream descriptorVBRType">
<attribute name="sustainable rate" type="float"/>
<attribute name="buffer size" type="float"/>
<attribute name="peak rate" type="float"/>
<attribute name="max MFU size" type="integer"/>
<attribute name="mfu period" type="integer"/>
</complexType>

<complexType name="Bitstream descriptorCBRType">
<attribute name="peak rate" type="float"/>
<attribute name="max MFU size" type="integer"/>
<attribute name="mfu period" type="integer"/>
</complexType>
</choice>
</complexType>
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6.5.4 Sem

antics

loss tolerance — indicates the required loss tolerance of the Asset for the delivery. The value of the

loss _tolera

nce attribute is listed in Table 1.

Table 1 — Value of loss_tolerance attribute

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

jitter seng
Asset delivel

itivity — indicates the required jitter level of the underlying delivery network-fd
y between end-to-end. The value of the jitter sensitivity attribute is listed in‘Tab

Table 2 — Value of jitter_sensitivity attribute

Vallue

Description

D This Asset requires the preserve time variation between MMTP pdckets.

|

This Asset does not require the preserve time variation between MMTP packets.

class of s¢g
particular w
in a particul

rvice — classifies the services in different classes and manages each type of bitstrear
ay. For example, media aware network element (MANE) carimanage each type of bitst
hr way. This field indicates the type of bitstream attribute as listed in Table 3.

r the
le 2.

nina
ream

Table 3 — Value of class_of_service attribute

Vajlue Description
The constant bit rate (CBR) service class shall guarantee peak bit rate at any time
D to be dedicated for transmission of'the Asset. This class is appropriate for real-time
services which require fixed bit rate such as VoIP without silence suppression.
The variable bit rate (VBR) service class shall guarantee sustainable bit rate and
] allow peak bit rate for the Asset with delay constraints over shared channel. This
class is appropriate for, most real-time services such as video telephony, video con-
ferencing, streaming service, etc.
Bidirection] indicator — If set te “1”, bidirectional delivery is required. If set to “0”, bidirectional
delivery is npt required.
Bitstream descriptorVBRType — When class of service is “1”,
"BitstreamfjescriptorVBRType" shall be used for “BitstreamfdescriptorType".
Bitstream descriptQuCBRType — When class of serviceis “0”
"Bitstream_jescriptorCBRType" shall be used for “Bitstream_descriptorType".
sustainable] rate — defines the minimum bit rate that shall be guaranteed for continuous delivéry of

the Asset. The sustainable rate corresponds to drain rate in token bucket model. The sustainable
rate is expressed in bits per second.

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

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

MFU period — defines the period of MFUs during continuous delivery of the Asset. The MFU period is
measured as the time interval of sending time between the first byte of two consecutive MFUs. The
MFU period is expressed in millisecond.
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max MFU_size — indicates the maximum size of MFU, which is MFU period*peak rate.The
max MFU size is expressed in bytes.

6.6

6.6.1

Bundle delivery characteristics

General

The bundle delivery characteristics (BDC) describe the QoS requirements and statistics of the Bundle
for delivery. Each Bundle in a Package shall be associated with a BDC. The BDC for each Bundle is
used by an MMT sending entity to derive the appropriate QoS parameters and the transmission

6.6.2

The
consi
and b

6.6.2
The 4
implg
and 1
betw

6.6.3
<?xm]
<xs:{

typed

minOd

pment organizations, such as IETF, 3GPP, IEEE, etc. It consists of a gos_descriptore
ream descriptor element as defined in ADC.

BDC descriptors

1 Qos descriptor

hos descriptor element defines required QoS levels on delayvand loss for Bundle
sts of the loss_tolerance atUﬁbute,jitterisensitivity atUﬁbute,classiofiservj
idirection indicator attribute.

2 Bitstream descriptor

itstream descriptor element provides the statistics of the Bundle. It provides the p

presented in
her standard
ement and a

delivery. It
ce attribute

hrameters to

ment token bucket traffic shaping such as sastainable rate and buffer size. In additiJ)n, peak rate

haximum MFU size represent the burstinéss of the Bundle where burstiness is defi
€N d peak rate and sustainable rate.

Syntax
version="1.0" encoding='{UTF-8"7?>

chema xmlns:xs="httpg7/www.w3.0rg/2001/XMLSchema"targetNamespace="mmt">
xs:element name="Bund¥eDeliveryCharacteristic"
"mmt :BundleDeliveXyCharacteristicType">
<xs:attribuytevhame="MMT package id" type="xs:string"/>
/xs:element>

xs:complexXType name="mmt:BundleDeliveryCharacteristicType">
<xss3€quence>
{xs:element name="Bundle" type="mmt:BundleType"
curg=U1" maxOccurs="unbounded"/>
</ xs:sequence>

ed as a ratio

/x4 complexType>

<xs:complexType name="mmt:BundleType">

<Xs:sequence>

<xs:element name="Element Asset i1d" type="asset id T" minOccurs="1">
<xs:attribute name="Intra Bundle Priority" type="xs:integer"/>

</xs:element>
</xs:sequence>

<xs:element name="Bundle QoS descriptor" type="mmt:QoS descriptorType"/>

<xs:element name="Bundle Bitstream descriptor" type="mmt:Bitstream

descriptorType"/>

<xs:attribute name="Bundle id" type="xs:integer"/>
<xs:attribute name="Inter Bundle Priority" type="xs:integer"/>

</xs:complexType>
<xs:complexType name="mmt:QoS descriptorType">

<xs:attribute name="loss tolerance" type="xs:integer"/>
<xs:attribute name="jitter sensitivity" type="xs:integer"/>
<xs:attribute name="class of service" type="xs:boolean"/>
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<xs:attribute name="distortion levels" type="xs:integer"/>
<xs:attribute name="bidrection indicator" type="xs:boolean"/>

</xs:co

mplexType>

<xs:complexType name="Bitstream descriptorType">
<xs:choice>

</l

</xs:co
</xs:schema|
</xml>

6.6.4 Sem

loss toleral
loss tolerdl

<xs:complexType name="Bitstream descriptorVBRType">

<xs:attribute name="sustainable rate" type="xs:float"/>
<xs:attribute name="buffer size" type="xs:float"/>
<xs:attribute name="peak rate" type="xs:float"/>
<xs:attribute name="max MFU size" type="xs:integer"/>
<xs:attribute name="mfu period" type="xs:integer"/>

</xs:complexType>
s:complexType name="Bitstream descriptorCBRType"

<xs:attribute name="peak rate" type="xs:float"/>
<xs:attribute name="max MFU size" type="xs:integer"/>
<xs:attribute name="mfu period" type="xs:integer"/>

</xs:complexType>

xs:choice>

plexType>

>

antics

hce — indicates the required loss tolerance of the Bundle for-the delivery. The value
hce attribute is listed in Table 4.

Table 4 — Value of loss_tolerance attribute

Vallue Description
D This Bundle requires lossless delivery.
I This Bundle allows lossy delivery.

jitter seng

Bundle deliv

itivity — indicates the required jitter level of the underlying delivery network fd

Table 5 —Value of jitter_sensitivity attribute

Vallue Description
) This Bundle réquires the preserve time variation between MMT protocol packets.
1 This Bundle,does not require the preserve time variation between MMT protocol
packets!

class of sdg
particular w
indicates thg

rvice —(Classifies the services in different classes and manages each type of bitstrear
ay. For-example, MANE can manage each type of bitstream in a particular way. Thig
type-of bitstream attribute as listed in Table 6.

bf the

r the

ery between end-to-end. The value of the jitter sensitivity attribute is listed in Table 5.

nin a
field

Table 6 — Value of class_of_service attribute

Va

lue Description

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

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

Bidirection indicator — If set to “1”, bidirectional delivery is required. If set to “0”, bidirectional
delivery is not required.
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Bitstream descriptorVBRType — when class _of service is “1”,
“Bitstream_descriptorVBRType" shall be used for "Bitstream_descriptorType".

Bitstream descriptorCBRType — wWhen class of serviceis “0”,
"Bitstream_descriptorCBRType" shall be used for “Bitstream_descriptorType".

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

buffer size — defines the maximum buffer size for delivery of the Bundle. The buffer absorbs excess
instantaneous bit rate higher than the sustainable_rate and the buffer size shall be large enough to
avoid overflow. The buffer size corresponds to bucket depth in the token bucket model,[The butfer
size pfa constant bit rate (CBR) Bundle shall be zero. The buffer size is expressed inbytes.

peak |rate — defines the peak bit rate during continuous delivery of the Bundle.'The peal}t rate is the
highgst bit rate during every MFu period. The peak rate is expressed in bytes per second.

MFU geriod — defines the period of MFUs during continuous delivery of the-Bundle. The vfu period is
measjured as the time interval of sending time between the first byte oftwo consecutive MFUs. The
MFU geriod is expressed in millisecond.

max NFU size - indicates the maximum size of MFU, which is MEU(period*peak rate. The max MFU size
is expressed in byte.

MMT gackage id — this field is a unique identifier of/the Package. This BDC descripes delivery
chargcteristics of all the possible Bundles within the seope of this package.

Elemdnt Asset id - is an identifier of asset which is;an element of current bundle.
Bundle id - is an identifier of the bundle whichdistinguishes bundles within the package.

Intrd Bundle Priority - defines the relative priority level among assets within a bundle, yhich ranges
from[‘0” (highest) to “12” (lowest).

Intey} Bundle Priority — defines the relative priority level among bundles, which ranges from “0”
(highlest) to “12” (lowest).

7 ISOBMFF-based MPU

7.1 |General

An MPU shall~be a conformant ISOBMFF file that is generated according to the ruleq in 7.2. The
sequénce nuhiber and Asset ID of the MPU are provided in the “mmpu” box to uniquely identify the MPU
encapsulated in the file. Additionally, in case of timed media, a “sidx” box may be present to[index movie
fragmerits comprising the MPU. The “moov” box shall contain all codec configuration infprmation 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.

© ISO/IEC 2023 - All rights reserved 17


https://iecnorm.com/api/?name=11cf3a0693b299d9790d224e345a2f47

ISO/IEC 23

008-1:2023(E)

mmpu mmpu
moov moov
media _MMT MMT hint track
track hint track
TITOOf Hetd
mdat
item
item

7.2 MPUI
The brand “A

a) MPU with timed media b) MPU with non-timed media

Figure 7 — Examples of MPUencapsulation

pbrand definition

put” (MPU file) defined in this doeument identifies files that conform to the encapsu

rules for MPU. The “mpuf” brand requires theé support of the “isom” brand. Support to the other b

such as the

An MPU file
file shall con
an “sidx” bo
the parser d

The “moov” Y
tracks in the

Hash” brand as defined in ISQ/AEC 23009-1:2022, 6.3.5.2, may be indicated.

is composed of a set of metadata boxes that enables the MPU to be self-contained. An|
tain an “ftyp” and_ “heocv” boxes, should contain an “mmpu” box, and may optionally ¢
X, all of which are’part of the MPU metadata. Other boxes are allowed but will be ign
bes not recognize them.

ox shall contain at most one media track and may contain MMT hint tracks for MFUj
“noov” box shall contain no samples to ensure small overhead (i.e. the entry count

"stts", “stsg
for the file s

oringan MPU with timed media data to indicate that the movie fragment structure is
The “nvex” bw&mmmmwm&mmm&w i .

" and “stco” boxes shall be set to “0”). The “mvex” box shall be contained in the “moos

ation
rand,

MPU
tain

jlr‘led if

. The
n the
" box
used.

S.

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

a)

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

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

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

a) The maximum number of independent (e.g. empty “tre£” box) media tracks in this file shall be one.
Additionally, tracks with non-empty “tref” box (e.g. hint track or SVC/SHVC enhancement layer
tracks) may be available.

18
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For timed media data, the file shall have at least one movie fragment.

timed media items of the MPU.

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

between runs.

f)

“mdat” boxes, before any sample data.

For non-timed media data, one “meta” box shall be present at the file level and shall contain the non-

Runs of sample data shall be placed in “mdat” box, in decoding order and without any other data in

Any sample auxiliary data, as described by “saio” and “saiz”, shall be placed at the beginning of the

A
d

g)

A“tr
of the

If an
first
presd

Time
a full

the file encapsulating MPU into a packetized media stream-to be delivered using a transy

such

Non-{
shall
item
The ¢
[SO/I1

7.3

7.3.1
Box t
Conta

Mand

Quanftity: One or more

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

it” box should be present inside the “t raf” box of each movie fragment to provide the
first sample of the movie fragment in decoding order.

/ “e1st” box is available, the indicated offset shall be applied to'the composition
sample in presentation order of the MPU in addition to the présentation time prov
ntation information.

d media data are stored as a track of the ISOBMFF and indexed by the “moov” and “m
y backward-compatible manner. An MMT hint track guides the MMT sending entity i

hs the MMT protocol.

imed media data are stored as metadata items.that are described by a “meta” box. Th
appear at the file level. Each file of the non-timed media data shall be stored as a sepa
pf the MPU, i.e. it shall not be contained by any box and shall appear after any boxes
ntry point to the non-timed media shall be marked as the primary item of the “md
EC 14496-12:2022, 8.11.4).

MPU box

Definition
ype:"mmpu"
jiner: File

atory: Yes

after sample

decode time

time of the
rided by any

of” boxes in
n converting
ort protocol

e “meta” box
rate floating
of the MPU.
ta” box (see

The 1

hedia processing unit (“mmpu”) box contains the Asset identifier of the Asset to whick

the current

MPU

elongs, as well as other information of the current MPU. The Asset identifier is use

to uniquely

identify the Asset globally. The MPU information includes the sequence number of the MPU in the
corresponding Asset.

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

7.3.2

aligned (8)
extends FullBox (‘mmpu’, version,

unsigned int (1)

Syntax

class MPUBox
0){

is complete;
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unsigned
unsigned

unsigned

AssetlIde

aligned(8)

int (1)
int (6)

is_adc present;
reserved;

int (32) mpu_ sequence number;

ntifier();

class AssetIdentifier {

unsigned int (32) asset id scheme;

unsigned int(32) asset id length;

unsigned dint (8) asset id valuelasset id length]:
}
7.3.3 Semfantics

is_completq
being gener3

mpu_sequend
the sequenc

number is unique within an Asset.

asset id sd
Table 7. Ther
length-valug
Annex G.

- indicates whether this MPU has all the media samples and MFUs or nob (e.g. whe
ted from live content).

e number — contains the sequence number of the current MPU. Fogthefirst MPU in an ¢
e number shall be “0” and it is incremented by “1” for each following MPU. The seq

heme — identifies the scheme of Asset ID used in asset id “w&1lue. Valid schemes are lis
e are many schemes to express identification of content; It is recommended to use sch
and not to define a new identification scheme. URL.S¢heme for MMT shall be as specif

Table 7 — Value of asset’id_scheme

n it is

\sset,
lence

red in
eme-
jed in

Vallue

Description

0x00d

00000 UUID (universally unique;identifier)

0x00d

00001 URI (uniform resource‘identifier)

asset id 1g

asset id v4
value in the

is adc preg

the ADC file

8 MMTHh

hgth — the length of asset id-value

lue — contains identifierfor the Asset. Format of the value in this field is specific t
bsset id scheme field.

nt — indicateswhether the ADC is present as an XML box in a “neta” box. The MIME ty
hs defined inB.2 shall be indicated in an item information box “iinf”.

int track

o the

'pe of

8.1 Gene

Fal

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

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

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

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

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

8.2.1 Definition

MMT]{hint tracks are hint tracks with an entry format in the sample description of “mmtf’ Bpx:

8.2.2 Syntax

aligned (8) class MMTHintSampleEntry () extends SampleEntry(‘mmth’) {
urfsigned int (16) hinttrackversion = 1;
urlsigned int (16) highestcompatibleversion = 1;
urfsigned int (16) packet id;
urjsigned int (1) has mfus flag;
urfsigned int (1) is timed;
urfsigned int (6) reserved;

8.2.3 Semantics
packqt id - is a unique identifier for the Asset for.which this hint track applies.

has_rjfus_flag - is a flag indicating whethexthe 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
sampfle. Otherwise, each hint sample applies to an MFU.

is_timed - indicates whether the média data hinted by this track is timed data or non-timed data.
8.3 [Sample format

8.3.1] Definition

Each|media sample will be assigned to one or more MFUs. Each sample of the MMT hipt track will
generate one op4more MFUs. The hint sample may omit certain bytes of an MFU if deemegl redundant,
such ps the length field of a NAL unit in the case of AVC or HEVC video bitstreams. For EV(, constraints
specified in-Aninex M shall be applied.

8.3.2[ ~Syntax

aligned(8) class MMTHSample {

unsigned int (32) sequence number;

if (is_timed) {
signed int (8) trackrefindex;
unsigned int (32) movie fragment sequence number
unsigned int (32) samplenumber;
unsigned int(8) priority;
unsigned int(8) dependency counter;
unsigned int (32) offset;
unsigned int (32) length;
multiLayerInfo();

} else {
unsigned int (16) item ID;

}
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aligned(8) class multilLayerInfo extends Box (“muli”) {
bit (1) multilayer flag;
bit (7) reservedl;
if (multilayer flag==1) {
bit (3) dependency id;
bit (1) depth flag;
bit (4) reservedl;
bit (3) temporal id;
bit (1) reserved2;
bit (4l quality id:
bit(¢) priority id;
bit (1§0) view id;
}
else{
bit () layer id;
bit (3) temporal id;
bit (7)) reserved3;
}
}
8.3.3 Semantics

sequence_nu
Discontinuit|
number wag

noer — an integer number that indicates the sequencing order of this MFU within the
y of sequence numbers in an MPU is allowed to indicate that certain MFUs (whose seq
not in the sequence) were not processed after packetization of MPU. Examples of

processing are delivery and caching by underlying network entity.

movie fragn
data of this |
an MPU mus
every succee

trackrefind

samplenumbe

ent sequence number - is the sequence number of the movie fragment to which the
MFU belongs (see ISO/IEC 14496-12:2022, 8.8.5). The movie fragment sequence num
t start by “1” for the first movie fragmentof the MPU and shall be incremented by “
ding movie fragment in that MPU.

x — the ID of the media track fromwhich the MFU data is extracted.

r — the number of the sample from which this MFU is extracted. Sample number n poi

the n-th sample from accumulated samples of the current movie fragment. The sample number

first sample
item 1D - fo
priority —1i

dependency |
value of this
not be corre
subsequent }

in the movie fragment is'set to “1” (see ISO/IEC 14496-12:2022, 8.8.8).
- non-timed media data, this is the ID of the item that is contained in this MFU.

hdicates the prioyity of the MFU relative to other MFUs within an MPU.

counter —indicates the number of MFUs whose decoding is dependent on this MFU.

field is équal to the number of subsequent MFUs in the order of sequence number tha
ctly decoded without this MFU. For example, if the value of this field is equal to n, t
MEUs-may not be correctly decoded without this MFU.

MPU.
hence
MFU

nedia
er in
1” for

hts to
bf the

The
f may
hen n

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

length — the

length of the data corresponding to this MFU in bytes.

multilayer flag- when setto “1”, this flag indicates that detailed multi-layer information is present in

this box.

dependency id - dependency identification of this MFU. If the value of this field is a non-zero value, then
the data associated with this sample enhance the video by one or more scalability levels in at least one

direction (te

depth flag-

22

mporal, quality or spatial resolution).

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

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

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

hen the data
ne direction

view|id — view identification of this MFU. If the value of this field is a non-zero value;t
assodiate with this sample enhance the video by one or more scalability levels in at leastq
(temporal, quality or spatial resolution).

_id - indicates the identification of a scalable layer whose infornfation about scalability
hsions is provided in initialization information.

layed
dime

9 Racketized delivery of Package

9.1 |General

This
of Pa

flause specifies an application layer transport protocol{(the MMT protocol) for packet
'kages and defines the MM TP payload format.

zed delivery

NOTH
formd

For non-packetized delivery of Packages, e.grusing other file delivery protocols, the M
t and MMT protocol are not required.

MTP payload

The 1
heten

MMT protocol is an application layer ffansport protocol supporting delivery of Pgckages over
ogeneous packet-switched delivery_aetworks, including IP-based network enviropments. The
MMT|protocol provides enhanced features for delivery of Packages such as protocol level gultiplexing,

which, for example, enables various Assets to be delivered over a single MMTP pack
delivgry timing model independent'ef presentation time to adapt to a wide range of netwol
information to support Quality. of Service (QoS).

MMT|provides a generic media streaming solution that supports the transport of different
and dodecs. For this purpose, MMT defines a transport protocol, MMTP, that is designed
limite¢d set of payload types agnostic to the media type or coding format but providing
servihg the needs of\different multimedia delivery services.

The MMTP payload format is defined as a generic payload format for the packetization o
components.ofa Package. It is agnostic to media codecs used for encoded media data, so thg
medip data that are encapsulated as an MPU can be packetized into MMTP. The MMTP pa

et flow, and
'k jitters and

media types
to support a
information

f media data
tany type of
yload format

is alsp.tised to packetize signalling messages. The MMTP payload format also supports fr

hgmentation

d oovragation onf Ao+ v bha dolisnen
an CISSA bsab;uu Ul

Pay
Tacta cO DT OCITIveTCUOY

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

9.2 MMT protocol

9.2.1 General

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

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

The MMT protocol supports the multiplexing of different media data such as MPUs from various Assets
over a single MMTP packet flow. It delivers multiple types of data in the order of consumption to the

receiving en

ify to hn]p cyhrhrr\hi’7afinh between different fyppc of media data without infrnr]nring a

large delay
and signalliy

A single MM
are only pr
packetizatio
in 9.3.2. The
MPU mode i

supports miked use of packets with two different modes in a single delivéry session. A single p

flow of MMT]

The MMT pi
delivery net
timestamp f
signalling in

The MMT pi
intermediatg
type of bif
according td
delivery. For
to set the 6-

Diffserv sha]l then process the IP packets“according to the mapping defined by the priority-rg

information

9.2.2 Structure of an MMTP_packet

The packetiz
filed of the M

Table 9 (V=0
will be deliv|
the GFD mod

r requiring large buffer. The MMT protocol also supports the multiplexing of medig
g messages within a single packet flow.

TP payload shall be carried in only one MMTP packet. Fragmentation and. aggreg
vided by the payload format and not by MMTP itself. The MMT protocol defines
h modes, generic file delivery (GFD) mode as specified in 9.3.3 and MPUymode as spe
GFD mode identifies data units using their byte position inside atransport object
lentifies data units using their role and media position inside an MPU. The MMT prg

packets can be arbitrarily composed of payloads with two types.

otocol also provides means to calculate and remove jitter introduced by the undej
work, so that constant end-to-end packet delivery, delay can be achieved. By usin|
eld in the packet header, jitter can be precisely caleulated without requiring any addif
formation and protocols.

otocol provides priority-related informatién-to enable underlying network layers (¢

rate, delay sentivity, transmission_priority and flow label to the network prq
predetermined priority mapping policy to support the flow control for MMTP p
example, when DiffServ (IETF RFC"2474) is used, this priority information may be
bit DSCP value of the DS field.jimthe IP header. The underlying network entity suppca

in the MMTP packet header:

ation of an MPU that contains timed date is performed in a format aware mode. Thd
[MTP packet header is set according to

) and Table 10 (V=1) to indicate that the packetization is format aware and that the p
ering-using the MPU mode. An MPU can also be delivered in a format agnostic mode
eds'described in 9.3.3

data

ation

two
rified
. The
tocol
acket

lying
g the
ional

r the

b network entities to map the priority_information in the MMTP packet header such as

tocol
acket
used
rting
lated

type

acket
using

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

that MMTP does not provide an indication of the{packet length and relies on lower ]
cols to do this. For example, when using MMTP éver UDP, the MMTP packet length is
bngth field of the UDP datagram.

1 2
123 456 78 90123~ 56 789 012 3 45617
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9.2.3

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

Semantics

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

NOTE

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

© ISO/IEC 2023 - All rights reserved

25


https://iecnorm.com/api/?name=11cf3a0693b299d9790d224e345a2f47

ISO/IEC 23008-1:2023(E)

packet coun

FEC type
packets. Vali

ter flag (C:

d values of this field are listed in Table 8.

Table 8 — FEC_types

1 bit) - “1”in this field indicates that the packet counter field is present.

(FEC: 2 bits) - indicates the type of the FEC scheme used for error protection of MMTP

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

NOTE If
this MMT pac

reserved

extension f
present.

RAP flag
Point (RAP)
type itself.

reserved (R

Compressiorn)
whether or 1
the reduced

Indicator f
header will 1
a reference.

later used ag

type(6 / 4
Table 9 for v

(:

(H:

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

1 bit) - reserved for future use.

lag (X:

1 bit) - when set to “1”, this flag indicates that the-payload contains a Random A
to the data stream of that data type. The exact semafitics of this flag are defined by the

£S: 2 bits) —reserved for future use.

| flag (B: 1 bit) — this field is added.at®he beginning of the header in order to ing
ot header compression is used. When setto “0”, the full-size header is used; when set
size header is used.

lag (I: 1 bit) - this field istadded to tell the receiver whether or not the currei
hter be used as a reference. This field shall be set to “1” when the full header will be us
This allows receivers to_diséover that this header information shall be stored as it w
a reference by packets‘'with reduced headers.

bits) - this fielddindicates the type of payload data. Payload type values are defin
ersion “00” and-Table 10 defined value of payload type for version “01”.

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

ied to

1 bit) - when set to “1”, this flag indicates that the*header extension field is

ccess
data

licate

16) « 1",

t full
ed as
ill be

ed in

Value

Data type Definition of data unit

0x00

MPU a media-aware fragment of the MPU

0x01

T GETETIC opject suciras a compiete MPYoramobjectof

generic object another type

0x02

one or more signalling messages or a fragment of a signa

signalling message message (see 10.2)

lling

0x03

repair symbol a single complete repair symbol (see C.4.3)

0x04 ~ 0x1F

reserved for ISO use for ISO use

0x20 ~ 0x3F

reserved for private use for private use

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

Value

Data type Definition of data unit

0x0

MPU

a media-aware fragment of the MPU
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Table 10 (continued)
Value Data type Definition of data unit
0x1 . . a generic object such as a complete MPU or an object of
generic object
another type
0x2 signalling message one or more signalling messages or a fragment of a signalling
message (see 10.2)
0x3 repair symbol a single complete repair symbol (see C.4.3)
0x4 ~ 0x9 reserved for ISO use for ISO use
0xA ~ OxF |reserved for private use for private use
packqt id (16 bits) - this field is an integer value that can be used to distinguish-6h¢ Asset from
another. The value of this field is derived from the asset id of the Asset where this paekdt belongs to.

The 1
a sigy
flowq
deliv
repai

packd
the s
for ed
repai

timed

is the

sending time at the first byte of MMTP packet. It is required that an MMT sending entity sh

accuy

packg
an M
wrap
Same;

count

Sourd
(see

happing between the packet id and the asset idis signalled by the MMT Package Ta
alling message (see 10.3.4). Separate value will be assigned to signalling messages an
. The packet id is unique throughout the lifetime of the delivery session-and for al
bred by the same MMT sending entity. For AL-FEC, the mapping between packet id
Ir flow is provided in the AL-FEC message.

t sequence number (32 bits) — an integer value that is usedto distinguish packg
ime packet id. The value of this field starts from arbitrary(value and will be increm
ch MMTP packet received. It wraps around to “0” after thle'maximum value is reache
Ir packet for FEC Payload ID Mode 1, this field shall be replaced with rs_1D.

tamp (32 bits) — specifies the time instance of MMTP packet delivery based on UT(
“short-format” as defined in IETF RFC 5905, NTRveérsion 4, Clause 6. This timestamp

ate time information that is synchronized with UTC.

t counter (32 bits) — an integer valuefor counting MMTP packets. It is incrementg
MTP packet is sent regardless of itspacket id value. This field starts from arbitra

setting for packet counter £l@y (C), which means that either all packets will have
er field or none of them will have it.

e FEC payload ID (32(bjits) - this field shall be used only when the value of FEC typ
[.4.2). The MMTP packet with FEC type = 1 shall be used for AL-FEC protection for FE

Modsd

headd

typeq
exter
proce
This

0

0 and this field shallbe added to the MMTP packet after AL-FEC protection.

that require additional information to be carried in the payload format header.
sion mechanism is designed in such a way that it may be discarded without impactin
ssing of the MMTP payload. The header extension shall have the format as shown

ble as part of
d FEC repair

MMT flows
and the FEC

ts that have
ented by one
d. In the FEC

. The format
specifies the
puld provide

d by 1 when
'y value and

s around to “0” after its maximuni-value is reached. All packets of an MMTP flow slhall have the

the packet

e is set to “1”
C Payload ID

r extensiony— this field contains user-defined information. The header extension njechanism is
provided to allow:for proprietary extensions to the payload format to enable application

s and media
The header
o the correct

n Figure 10.

locument does not specify any particular header extension.

1 2

3

01 2 3 456 78 9012345678 90123 456 78 9 01
e T e e S e e it e e e e e e s

| length

type

e T e et S T e e i et S S e St s S

header extension_ value

e T T e at S e e e T e S e s st S

type

Figure 10 — Structure of extension header

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

© ISO/IEC 2023 - All rights reserved

27


https://iecnorm.com/api/?name=11cf3a0693b299d9790d224e345a2f47

ISO/IEC 23008-1:2023(E)

length (16

bits) —indicates the length of header extension value field in byte.

header extension value — provides the extension information. The format of this field is outside the

scope of this

QoS classif

document.

ier flag (Q:1bit) — when set to “1”, it indicates that QoS classifier information is

used.

The QoS classifier contains the delay sensitivity field, reliability flag field, and transmission
priority field. It indicates the QoS class property. The application can perform per-class QoS operations
according to the particular value of one property. The class values are universal to all independent

sessions.

(F:1 bit) - when set to “1”, it indicates that flow identifier informat

on is

flow identifier flag
used. The flgw identifier contains the f1ow label field and flow extension flag field. It indicatg

flow identifi
temporarily
whose netw

flow extens
and one moy

reliability
are loss tole
to indicater
field will be
data or prog

type of bif

er. The application can perform per-flow QoS operations in which network reseurce
reserved during the session. A flow is defined to be a bitsream or a group of)bitstr
brk resources are reserved according to transport characteristics or ADC in Package.

ion flag (E: 1 bit) - if there are more than “127” individual flows(this bit is set
e byte can be used in extension header.

| flag (r: 1 bit) - when “reliability flag” is set to “0”, itshall indicate that the
Fant (e.g. media data), and that the following “transmission_pr¥ority” field shall be
elative priority of loss. When “reliability flag”is setto /1% the “transmission prio
ignored, and shall indicate that the data are not loss tolerant (e.g. signalling data, sq
ram data).

delay sensi]
delivery for
content may|

rate (TB: 2 bits) —indicates the type of bit ratéas listed in Table 11.
Table 11 — Value of type_of_bitrate
Value Description
00 constant bit rate (CBR)
01 non-constant bit rate{(1nCBR)
10~ 11 reserved
tivity (DS: 3 bits) ~.ildicates the delay sensitivity of the data between end-t

he given service as listed’'in Table 12. This field is derived from the application as the
have different delay'requirements in different applications.

Table 12 — Value of delay_sensitivity

s the
S are
eams

to “1"

data
used
i ty"
rvice

b-end
same

Value Description
114 conversational service (~100 ms)
140 live-streaming service (~1s)
101 delavasensitive interactive service Lol o)
100 interactive service (~5 s)
011 streaming service (~10 s)
010 non-real-time service
001 reserved
000 reserved

transmissio

n priority (TP:

3 bits) - provides the transmission_priority for the media packet,

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

9.2.4 MMTP session description information

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

the destination information. In an [P 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 contaimthé following information:

the start and end time of the MMTP session.

9.3 |MMTP payload

9.3.1] General

The MMTP payload is a generic payload to packetize:and carry media data such as MPUs, gemeric objects,
and dther information for consumption of a Package using the MMT protocol. The approiriate MMTP
payldad format shall be used to packetize MRUS;, generic objects, and signalling messages|described in
10.2.

An MMTP payload may carry complete MPUs or fragments of MPUs, signalling mess3
objedts, repair symbols of AL-FEC schemes, etc. The type of the payload is indicated by the
the MMT protocol packet header Eor each payload type, a single data unit for delivery as v

speci:Ec payload header is defined. For example, the fragment of an MPU (e.g. an MFU) is c

ges, generic
type field in
rell as a type
pnsidered as
hy aggregate
nent a single

a single data unit when the MMTP payload carries MPU fragments. The MMT protocol m
le data units with the'same data type into a single MM TP payload. It can also fragr
Init into multiple MMTP packets.

multi
data

An M
medi
procg
boun
MFU

FU is a sample-or subsample of timed data or an item of non-timed data. An MFU §
h data thdtmay be smaller than an AU for timed data and the contained media

Haries of the carried media data. An MFU shall contain an identifier to uniquely dis
inside an MPU. It may also provide dependency and priority information relative to

hall contain
Jata may be

ssed by‘the media decoder. An MFU shall contain an MFU header that contains infornpation on the

tinguish the
other MFUs

withinthe same MPU

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

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

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

9.3.2.1 General

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

the different

If the payloa
to identify t
MPU metadg

9.3.2.2 MMTP payload header for MPU mode

The payload
0
0 1 2
ot — -+
|
Fot -t

Fob ot -t
s

Fot -+

For payload
indicating w
of T is set to
DU header ig

0
01 2

requirements of the overlaying applications.

type is “0x00”, the MPU is fragmented in a media-aware way allowing the transport
e nature and priority of the fragment that is carried. A fragment of an MPUymay eith
ta, a Movie Fragment metadata, an MFU, or a non-timed media data item.

type specific header is provided in Figure 11.
1 2 3
4 56 78 901 2 3 45 6 78 9 0 N2 3 456 718 90
e e S E S e el i s S S o
length | FT {T1£f 1[A]
e A T S e el it e o

frag counter

MPU sequence\tumber
-+ -+t -+ -+ -+ -+t -+ +-
DU length | DU Header
S e e e e e e e o Nt s i s Ml H e i e e e e e e e e e
DU payload
e i e e e e e e e e At i i e i e e e e e e e e

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

that carries an (MFU, the DU header is specified depending on the value of the ]
hether the carried data are timed or non-timed media. For timed media (i.e. when the
‘1"), the DUsheader fields are shown in Figure 12. For non-timed media (T is set to “0’
defined-as.shown in Figure 13.

1 2 3

¥, 6 78 9 01 2 3 45 6 78 9012 3 456 718 90

layer
er be

+ -+

+ -+

" flag
value
), the

Fot -+t

T T T FT - F - F T T F T F T T T T T FT-—F-—F-—F-—FT-—F-—F-—F-—F-7-

movie fragment sequence number

+-+
|

s it a R e  ae a al SE S e s it

sample number

e e Tt at S A s it st SR S

offset

B e e e e T i A e e e e e it s ST A

| priority \

dep counter |

e e e e et S s

30

Figure 12 — DU header for timed-media MFU
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For non-timed media, the DU header fields are shown in Figure 13.
0 1 2 3
01 2 3 456 78 9012 345496 789012 3 4596 789 01
e e T T e e O Tk Tk e T e B e I ak ak Tk Sk T S S A A A
\ item ID
R L e e B R e ok ek e T i E R R e e R L o e o o r

Figure 13 — DU header for non-timed media MFU

9.3.213 Semantics
lengfh (16 bits) - indicates the length of payload excluding this field in byte.

MPU Hragment Type (FT: 4 bits) - this field indicates the fragment type and it§valid valugs are shown
in Table 13.

Table 13 — Data type and definition of data, unit

FT Description Content

0 MPU metadata contains the ftyp, mmpu,moov, and meta boxes, as we|l as any
other boxes that appear in between.

1 Movie fragment metadata contains the moof’boX and the mdat box, excluding all media data
inside the mdatbox but including any chunks of auxiligry sample
information.

2 MFU containse sample or subsample of timed media data of an item of

non-timed media data.

31+ 15 [Reserved for private use reséerved

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

Fragjentation Indicator (f i:~2-bits) —thisfieldindicatesthatthe fragmentation indicator contains
information about fragmentation of data unit in the payload. The four values are listed in Table 14. If the
valugis set to “00”, the aggregation flag can be presented.

Table 14 — Values for fragmentation indicator

Value Description
100” 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.
TT Payload contains the last Iragment of data unit.

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

aggregation flag (A: 1 bit) —when setto “1”, it indicates that more than 1 data unit is present in the
payload, i.e. multiple data units are aggregated.

fragment_countel (frag count: 8 bits) - this field specifies the number of payload containing fragments
of the same data unit succeeding this MMTP payload. This field shall be “0” if aggregation flag is set
tO M1|I.

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

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

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

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

offset (32 Joits) — offset of the media data of this MFU inside the referenced sample.

subsample griority (priority: 8 bits) - provides the priority of the media data-carried by thig MFU

compared W
“0” and “255

dependency |
media proce
Item ID (32

For the FT ty

9.3.3 Gen

ith other media data of the same MPU. The value of subsample priority shall be bet
’, with higher values indicating higher priority.

counter (dep counter: 8 bits) —indicates the number ofdata units that depend onl
5sing upon the media data in this MFU.

bits) - the identifier of the item that is carried as part of this MFU.

pes “0” and “1”, no additional DU header is defired:

pric file delivery mode

ween

their

MMTP also ined in
Table 9. An Asset consists of one or more files that are logically grouped and share some commonality
for an applicption, e.g. segments of a dynamic adaptive streaming over HTTP (DASH) Representatjion, a
sequence of MPUs, etc.

®

In the generic file delivery (GFD).tmode, an Asset is transported by using MMTP’s GFD payload typ
Each file delivered using the)GFD mode requires association of transport delivery information| This
includes, bufis not limited to, information such as the transfer length.

Each file deljvered using the GFD mode may also have associated content-specific parameters sych as
name, identification, and location of file, media type, size of the file, encoding of the file or megsage
digest of thelfile. n allgnment w1th HTTP/l 1 protocol as deflned in IETF RFC 2616 each flle w1th1 one
generic Asseft ma 3 ¢. The
details are also deflned in 9. 3 3 2.

9.3.3.2 GFD information

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

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

CodePoint: each object is associated with a CodePoint. A CodePoint associates a specific object and
object transport properties. Packets with the same TOI shall have the same CodePoint value. For

more details, see Table 16.

NOTE See Annex F for DASH segments over MMTP.

9.3.3.2.2 GFD table

assighed a CodePoint value. Table 15 shows the structure and semantics of the GFD tablé!

Table 15 — GFD table

dynamically

For afftributes: M, mandatory; O, Optional; OD, optional with default value; CM, conditionally mandatory.
For elements: <minOccurs>...<maxOccurs> (N=unbounded).

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

Element or attribute name Use Description
GFDTable the element carries a GEDTable
CodepPoint 1..N defines all CodePoints'in the MMTP sessjon
Legend:

9.3.3|2.3 CodePoints

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

he maximum transfer length of any objeet delivered with this CodePoint signalling.
lition, a CodePoint may include the\following information:

he actual transfer length of thewobjects;

dny information that may-he present in the entity-header as defined in IETF RFC 2616

Content-TLocation-Terplate as defined in 9.3.3.2.4 using the TOI and packet id }
resent. The TOI and packet id may be used to generate the content-Location for g
acket id. If suclva template is present, the processing in 9.3.3.2.4 shall be used to
ontent-Locatién and the value of the URI shall be treated as the content-Locatio
ntity-header;

o Q7M™ o

specificinformation on the content, for example, how the content is packaged, etc.

, section 7.1;

barameter, if
ach TOI and
penerate the
h field in the

bdePoints is

Within\onhe session, at most “256” CodePoints may be defined. The definition of C

dynamically set-up in the MM TP session description.

The CodePoint semantics are described in Table 16.

Table 16 — CodePoint semantics

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

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

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

Element or attribute name Use Description
CodePoint Defines the CodePoints in a MMTP session.
Legend:
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Table 16 (continued)
Element or attribute name Use Description

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

@fileDeliveryMode M Specifies the file delivery mode according to 9.3.3

@maximumTransferLength M Specifies the maximum transfer length in bytes of any
object delivered with this CodePoint in this MMTP
Session.

@constaptTransferLength oD Specifies if all objects delivered by this CodePoin

default: have constant transfer length. If this attribute is et to
“false” TRUE, all objects shall have transfer length’as
specified in the @maximumTransferbength
attribute.

@contentlLocationTemplate 0 Specifies a template to generate the Content-Locgtion
of the entity header.

EntityHeader 0..1 Specifies a full entity hedder 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 CodePeint.

Legend:

For attributes{ M, mandatory; O, optional; OD, optional with default valug;{CM, conditionally mandatory.
For elements: kminOccurs>...<maxOccurs> (N=unbounded).

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

9.3.3.2.4 ¢(

A CodePoint
attribute ma

In each URL
Table 17. Ide
enclose a va
also specifie

d in Table 17.

ontent-Location template

may include a @contentLocationTemplate attribute. The value of econtentLocationTem
[y contain one or more of the idéntifiers listed in Table 17.

the identifiers from Table\17 shall be replaced by the substitution parameter defin
ntifier matching is case=sensitive. If the URL contains unescaped $ symbols, which d
id identifier, then the result of URL formation is undefined. The format of the identi

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

%0 [width
The width p

]d

printed. If th

value is not {runieated even if the result is larger.

hrameter-is an unsigned integer that provides the minimum number of characters
e value'to be printed is shorter than this number, the result shall be padded with zero

plate

ed in
0 not
ier is

to be
5. The

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

[ETF RFC 3986.
Table 17 — Identifiers for URL templates
$<Identifier>$ Substitution parameter Format
3% Is an escape sequence, i.e. “$$” is replaced with a Not applicable.
single “$”.
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Table 17 (continued)
$<Identifier>$ Substitution parameter Format
$PacketID$ This identifier is substituted with the value of the The format tag may be present.

packet id of the associated MMT flow. If no format tag is present, a de-

fault format tag with width = 1
shall be used.

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

If no format tag is present, a de-

fault format tag with width = 1
C]’\’)l] kﬂ IICQI"

9.3.3|3 File metadata

9.3.3|3.1 General

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

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

The fjle delivery mode shall be signalled in the CodePoint. The value is also specified in Talple 18.

Table 18 — File delivery modes for GFD

Value Description Definition
1 The transport object is-afile. in9.3.3.2
2 The delivered objectiis an entity consisting of an in9.3.3.3
entity-header andthe file.

9.3.313.2 Regular file
In cage of the regular file,'the object represents a file.

If thel CodePoint defified in the GFD table contains entity-header fields or entity-header [fields can be
generated, then allof these entity-header fields shall apply to the delivered file.

9.3.313.3 _Regular entity

In cage©f the regular entity, the object represents an entity as defined in IETF RFC 2616, ection 7. An

entitvcoensists of ent ty=headex fields and an nnfify-hndy

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

entity-header field is present in both locations, then the entity-header field in the

entity-header delivered with the object overwrites the one in the CodePoint.

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

If the CodePoint defined in the MMTP session description contains entity-header fields or
entity-header fields can be generated, then all of these entity-header fields shall apply to the
delivered file.
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The payload packets sent using MMTP shall include a GFD payload header and a GFD payload as shown

in Figure 14.

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

0 1 2 3
01 23 45678 9012 345%6 78901234596 71890
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Figure 14 — MMTP payload header for GFD mode

Figure 14, the GFD payload header has a variable size. Bits designated as "paddin
) must be set to 0 by the MMT sending entity and ignered by receivers. Unless othe
ric constants in this document are in decimal form:

mantics

indicates that this is the last packet for this’session.
indicates that this is the last delivered packet for this object.
indicates that this packet contains the last byte of the object.

CcP: 8 bits)— an opaque.identifier that is passed to the packet payload decoder to ¢
on the packet payload. The mapping between the CodePoint and the actual codec is de
ion basis and communicated out-of-band as part of the session description informatic

) —areserved fieldthat should be set to “0”.

bject Identifi'er (TOI: 32 bits) —the objectidentifier should be setto a unique ider
c object that'is being delivered. The mapping between the object identifier and the ¢
(such assURL and MIME type) may be done explicitly or implicitly. For example, a seq
ments,may use the segment index as the object identifier and a numerical represent

1

+-+

|
+-+

+ —

g" or

rwise

nvey
fined
n.

tifier
bject
lence
ation

start offse

the’packet id. This mapping may also be performed using a signalling message.

t (48 bits) — the location of the current payload data in the object.

9.3.4 Signalling message mode

9.3.4.1 General

The signalling message mode of MMTP is defined for the delivery of signalling messages. Signalling
messages may be encoded in one of different formats, such as binary format or XML format. It is
therefore important to enable quick access and filtering of signalling messages at the transport layer

and thus, to
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avoid parsing the signalling message itself for filtering purposes.
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Signalling messages may also be large in size, exceeding the MTU size. Other signalling messages may
be much smaller than the MTU. The signalling message payload format provides fragmentation and
aggregation functionality to support efficient packetization.

9.3.4.2 MMTP payload header for signalling message mode

Figure 15 depicts the signalling message payload format header.

0 1 2 3

012 3 455678 9012345496 789012345496 728901
e e e T e At e e S S e et e A e S e s
[ £ |1 res |[HIA|] frag counter | MSG length (l16+16%¥H) |
R et e e T A e T A e e T Rt d
\ MSG payload
i i e T e Al A st e S e S A e

Figure 15 — MMTP payload header for signalling message mode

9.3.4]3 Semantics
The semantic of each field are as follows.

Fragjentation Indicator (f i: 2 bits) - contains infermation about fragmentation of a signalling
messpge in the MMTP payload. The valid values of this field are shown in Table 19.

Table 19 — Value offragmentation indicator

Vialue Description
00 Payload contains one or more.camplete signalling messages.
01 Payload contains the first fragment of a signalling message.
10 Payload contains a fraghient of a signalling message that is neither the first nor the Jast frag-
ment.
11 Payload contain§ the last fragment of a signalling message.

aggrqgation flag (A: &Jit) — whensetto “1” indicates that more than 1 signalling message is present
in thg payload, i.e. multiple signalling messages are aggregated.

fragrjentation ceuhter (frag count: 8 bits) - this field specifies the number of payloe;lfi containing
fragments of thé~same signalling message following the current fragment. This field shall be “0” if
aggrdgatiqiNfiag is setto “1”.

RES (4<wits) - this field contains bits that are reserved for future use and shall be set to “p”.

H (1 bit) - this flagindicates 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 flagis setto “0” this field shall not be present. When

aggregation flagis 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.

9.4 MMTP operation

9.4.1 General

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

A single Package may be delivered over one or multiple MMTP transport flows.
A single MMTP transport flow may deliver data from multiple Packages.

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

The Asset is[delivered as a set of related objects denoted as an object flow. The object may either pe an
MPU, file or $ignalling message.

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

The MMTP packet sub-flow is the subset of the packets of an MMTP packet flow, that share the [same
packet id.Tlhe object flow is transported as an MMTP packet sub-flow.

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

MMTP is suifable for unicast, as well as multicast media distribution! To ensure scalability in multjcast/
broadcast efjvironments, MMTP relies mainly on FEC instead ofwetransmissions for coping with packet
error.

Before joinifg the MMTP session, the MMT receiving ‘entity should obtain sufficient informatipn to
enable recegtion of the delivered data. This minimum féquired information is specified in 9.2.4.

MMTP requjres the MMT receiving entity to be‘able to uniquely identify and de-multiplex MM TP
packets thatl belong to a specific object flow. IWaddition, MMT receiving entities are required [to be
able to identify packets carrying signalling-messages and others carrying AL-FEC repair packqts by
interpreting|the type field of the MMTP packet header.

The MMT rgceiving entity shall be @ble to simultaneously receive, de-multiplex, and reconstru¢t the
data deliver¢d by MMTP packets of different types and from different object flows.

A single MM[I'P packet shall carry exactly one MMTP payload.

9.4.2 Delivering MPUs

9.4.2.1 MIIT sending entity operation

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

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

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

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

f 11 1.1 =l 1. s Falm | MNILL
olioweta Uy LT IIITUId Udtd UL LIIC IVIT"U.

This procedure is described in Figure 16.

ftyp mmpu || moov moof | mdat | ceeees moof I mdat

| [ \ 1\ I\ \ \ | Y 1\ \\ \ \

| [ L} 1\ \ \ \ | |\§ 1\ \ \ \

| [ \ 1\ \ \ \ | ) 1\ \ \ \

| [ 1\ 1\ \ \ \ | N 1\ \ \ \

| [ n 1\ \ \ \ | " 1\ \ \ \
Fragment Fragment

MPU metadata 5 MFU (| MFU |------ MFU 5 MFU || MFU ------ MFU

metadata meétadata

Figure 16 — Payload generation for timed media

9.4.2/1.2 Non-timed media data

The packetization of non-timed media data majy-also be performed in two different modes. In the
MPU format agnostic mode, the MPU is packetized into delivery data units of equal size (efkcept for the
last data unit, of which the size may differ) or predefined size according to the size of th¢ MTU of the
undeflying delivery network by using the GFD mode as specified in 9.3.3. The type field ¢f the MMTP

packet header specified in 9.2.2 is set'fo “0x00” to indicate that the packetization is forinat agnostic
modsd.

In thp format agnostic mode,~the MPU shall be packetized into the packet containing delivery data
units|of either MPU metadata or MFU by using MPU mode as defined in 9.3.2. The delivgry data unit
of MRU metadata contains the “ftyp” box, the “moov” box, and the “meta” box and any oth¢r boxes that
are applied to the whole’MPU. The FT field of the MMTP payload carrying a delivery datalunit of MPU
metaflata is set to “og01”. Each delivery data unit of MFU contains a single item of the non-fimed media.
The Hr field of the MMTP payload carrying a delivery data unit of MFU is set to “0x02”".

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

ft n Ry mMaaiL mata ltam-H1 ltam H2
P—1 PY—TT—HeevV—T—Het o e+ TteH4

AN
N\
~
~
7
7

MPU metadata MPU MPU

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

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

MPU mode: in the MPU mode, the depacketizer reconstructs the full MPU before forwarding it to the

application. This mode is appropriate for non-time critical delivery, i.e. the MPU’s presentation time
as indicated by the presentation information document is sufficiently behind its delivery time.

includi

the fragment metadata and the “mdat” box with media samples before forwarding it

Movie Fragment mode: in the Fragment mode, the depacketizer reconstructs a complete fragment

to the

applicat
applicat
fragmen

MFU mad

on. This mode does not apply to non-timed media. This mode is suitable for delay-sen
ons where the delivery time budget is limited but is large enough to recover a.conj
t.

de: in the media unit mode, the depacketizer extracts and forwards medigunits as f.

possible
mode, t

required but may be performed to resynchronize. This mode tolerates out of order delivery
fragment metadata MFUs, which may be generated after the media units are generated. This
applies fo both timed and non-timed media.

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

9.4.3 Deliyering generic objects

9.4.3.1 Ba

The files de
presentation
may refer to

The file shd
provided in-

In certain c
session shal
latest at the

Applications
sending of th

to the application. This mode is applicable for very low delay media applications. I
e recovery of the MPU is not required. The processing of the fragment media data

sic principles for GFD and applications

livered using the GFD mode may have to be provided to an application, for exa
information documents or a Media Presentation Description as defined in ISO/IEC 23
the files delivered using MMFP as GFD objects.

1l be referenced through the URI provided or derived from content-Location, ¢
band as part of an entity header or as part of a GFDT.

hses, the files ltaye an availability start time in the application. In this case, the M
deliver the_files such that the last packet of the object is delivered such that it is ava
Feceiver at’the availability start time as announced in the application.

delivered through the GFD mode may impose additional and stricter requirements d
e 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 TOIs and files carried in a session is either provided in-band or in a GFDT.

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

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

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

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

b) jhe start_offset fleld in the GFD payload header shall be set to X and the payload {lata shall be
dded into the packet to send.

c) IfX+YisidenticaltoT,

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

dlse

- 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
packeéts containing start offset and corresponding payload data.

a) Setthe byte offset counter X to “0”.
b) Hor the next packets to be delivered, set the length in bytes of a payload to a value Y, which is

1) reasonable for a packet payload (e.g. ensure that the total packet size does not excegd the MTU),
2) such that the sum of Xand Y is at most T, and

3) such thatitis suitable for the payload data included in the packet.
c) (enerate a packet according to’the rules 1) to 3) above.

d) IfX+YisequaltoT,

- set the payload header flag B to “1”

dlse

- set thepayload header flag B to “0”

— incrementX=X+Y

+Sgoto 2.

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

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

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

9.4.3.2.2 GFD payload

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

— Xisthevalue of start offset field in the GFD payload header, and

— Yis the length of the payload in bytes.

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

protocol.

9.4.3.2.3 GFD table delivery

When the GFD mode is used, the GFD table (GFDT) shall be provided. A file that is delivered usitlg the

GFD mode, hut not described in the GFD table is not considered a “file” belonging to the MMFP|se
Any object received with an unmapped CodePoint should be ignored by the MMT receiving entity.

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

Other ways

9.4.3.3 MMT receiving entity operation

The GFDT mpy contain one or multiple CodePoints identified by different-€odePoint values.

f delivery of the GFD table may be possible, but are outside the scope ofthis documer]

5sion.

o

Upon receipt of each GFD payload, the receiver proceeds with the fellowing steps in the order listgd.

a) The MM[T receiving entity shall parse the GFD payload header and verify that it is a valid hea

itis not

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

c¢) The MMT receiving entity should process the remainder of the payload, including interpr
the othdr payload header fields appropftiately and using the start offset and the payload d
reconstiuct the corresponding object-as follows.

1) The| MMT receiving entitylcan determine from which object a received GFD payload
geng¢rated by using the GFDT and by the TOI carried in the payload header.

2) Upolr receipt of the first GFD payload for an object, the MMT receiving entity uses the Max
Trapsfer Length weeéived as part of the GFDT to determine the maximum length T’ (
objdct.

3) The|MMT.eceiving entity allocates space for the T' bytes that the object may require.

4) The

balid, then the GFD payload shall be discarded.without further processing.

Her. If

tains
rther

eting
hta to

was

mum
f the

payloa

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

toh
i)

42

elp recover the object are as follows.

Let X be the value of the start offset field in the GFD payload header of the MMTP p

acket

and let Y be the length of the payload, computed by subtracting the MMTP packet and GFD

payload header lengths from the total length of the received packet.
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ii) The MMTP receiving entity copies the data into the appropriate place with
reserved for the object and sets RECEIVED[X ... X+Y-1] = true.

in the space

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

Once the MMT receiving entity receives a GFD payload with the B flag set to “1”, it can determine

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].

Header compression for MMTP packet

9.4.4
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1 General

br compression provides the method to reduce the size of the header; technigues
5t Header Compression (RoHC defined in IETF RFC 3095) may be used. While stch te
ely reduce the size of headers, it has two major drawbacks.

f relies on complex computations/coding techniques (described in protoeol stacks prof
uite heavy on the receiver’s side.

[ is not a transparent technique and headers need to be entirely.decoded, even when it
pme filtering and most of the decoded packets are rejected.

vides two types of headers as follows.
ull-size headers are sent regularly and may be used as a reference for reduced-size hg

educed-size headers contain differential infermation with regard to the last full
eceived that is marked as a reference headet:

bfore, by sending only differential infe¥mation instead of full information, bits say
ved. Additionally, a link to the referénce header packet is added in all compresse
sure that the last full header (reference) packets received is indeed the one that shall
ence. Such robustness mechanism'is needed as reference packets may actually be lost

eader compression method applies on the MMTP packet header. For this, a bit (B) i
beginning of the originalheader (or at least in the initial fixed part of the header thz
 full-size header and reduced-size header) to simply inform whether or not the pres
ze or reduced sizex

many fields priesent in the full-size headers are either removed or replaced by much §
ontain enough information for the receiver to reconstruct the original full-size heads

eader;anh extra bit (I) is also added at the beginning of the full-size header in order to n
villbe'used as a reference later.
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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
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.
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9.4.4.2 Syntax
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Figure 18 — MMTP packet with reduced header (B = 1)

mantics
MMTP packet header introduces new fields with their 6wn semantics.

| flag (B: 1 bit) — this field is added at the beginfing of the header in order to inc
ot header compression is used. When set to “0”,thefull-size header is used; when set {
size header is used.

lag (I: 1 bit) - this field is added to tell the receiver whether or not the currej
hter be used as a reference. This field shall be set to “1” when the full header will be us
This allows receivers to discover thatthis header information shall be stored as it w
areference by packets with reduced headers.

hecksum (RefChecksume N6 bits) — contains a 6 bits checksum value that allows
ompressing current\MMTP packet header. The checksum value shall be calculated |
tamp value and (packet sequence number (total 64 bits) value of the MMTP packet]
p be used as reference. BSD checksum (8) algorithm is used to compute the checksui

hecksum fieldds set to last 6 bits of the result which is 8 bits.

tamp (19.bits) - contains the difference between the timestamp field of the referenc
nd thewalue that would be in the current packet timestamp field if the full-size heade

used. This d

difference bétw
duration that can be coded

fférence is coded in a way similar to the 19 least significant bits of an NTP timestamp.

-size MMTP packet header introduces new additional fields with their own semantics|

- d
+ -+
|

+ -+

licate
O lll")

t full
ed as
ill be

MMT
all be
based
with
m but

b full-
I was
If the

on 19 bits), then a paket with a full header shall be sent in order to pr

mum
ovide

a new timestamp reference value for further packets with a reduced-size header.

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

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

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

— The 1 field is suppressed, as only full-size headers shall be used as a reference.
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— Therar flagisremoved as full-size headers shall be sent whenever the payload contains a random

a

9.4.4.

ccess point.

4 MTP packet header compression rules and normative aspects

A packet with a full MM TP header shall at least be sent when one of the following conditions is met:

a)

than 8 s (and therefore cannot be coded on the 19 bits long delta timestamp field);

b) p

acket idisnotin the range of 0 to 255;

the difference between the timestamps of the current packet and the reference packet is larger

c t

Packg
Cons
MMT]

MMT
head
with
a refe
head

10 §

10.1
This

to cdgmmunicate signalling information netessary for the delivery and consumption

The ¢
docu
relatg
infor
repre

10.2

10.2.

MMT]
(for ¢
infor

he packet contains a random access point (RAP).

bt header compression is optional on MMTP sending entities and MMTPcreceiv
equently, MMT receivers shall ignore packets with the B field set to “1” if\they do
P header compression.

P receiving entities shall not try to decode a reduced-size header for’which the f
b has not been received, whether because the receiver has just joined the stream d
a full reference header has been lost. MMTP receiving entitiesshall always wait for

rence header (1 field set to “1”) before they can start or restart\(in case of packet loss
1) the header decoding.

ignalling
General
clause specifies the signalling function of/MMT. It defines a set of message format

lelivery of signalling messages usingithe MMT protocol is also specified in this doc
ment specifies the message format“for carrying signalling tables, descriptors or t

mation. A signalling table may also include descriptors that carry more detailed infor
sentation of the signalling.messages shall be as specified in Annex B.

Signalling message format

1 General

signalling{messages use a general format consisting of three common fields, one
bach sighalling message type), and a message payload. A message payload carrig
mation.

ing entities.
not support

111 reference
r the packet
backets with
of reference

5 to be used
bf Packages.
ument. This
he delivery-

bd information. A signalling table has a set of elements and attributes for speciffic signalling

mation. XML

specific field
bs signalling

Th 4+ A | 3 £ ] H 11 £ + H H 100 d 10 2 3
e SyIItaA—dITu STIHIAIITILS " UT d gtIIiCT aT ST ITd TS TIIC S Sagt TUT TIHAatU a1 T gTveIT T IU.Z. 4 an LD,

respectively.

10.2.

The s

2 Syntax

yntax 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 uimsbf
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Table 20 (continued)
Syntax Value No. of bits Mnemonic
if (message id != PA message &&
message id != MPI message) {
length 16 uimsbf
} else {
length 32 uimsbf
}
extension
message payload f{
}
}

10.2.3 Sem

message id g

are listed in

antics

this field indicates the identifier of the signalling message. Valid/message identifier
Table 101.

version — th

MMT receivi

length — thi
except PA m
4 bytes long

a 2 bytes lenjgth fields. Also, note that a PA message includes at least one MPI table.

extension —
The content

message_pay
the value of

10.3 Signa

10.3.1 Gen

This subclay
to Package ¢

signalling table carries information on a specific aspect of the Package, such as a Package stru

presentation

is field indicates the version of the signalling message::Both the MMT sending entit
ng entity can verify whether a received message has,a new version of not.

b field indicates the length of the signalling message. This field for all signalling mes
essages and MPI message is 2 bytes long. Thé\length of PA messages and MPI messa
because it is expected that occasionally an MPI table whose length cannot be express

and length of this field are specified for these signalling messages.

1oad - the payload of the signalling message. The format of this field can be identifi
he message_id field.

lling messages for\Package consumption

bpral

se specifies-signalling messages that are used to exchange signalling information rq
pnsumption. As mentioned above, a signalling message may contain signalling tables

information document or clock. Slgnalllng messages can aggregate multlple tablg

alues

y and

sages
oes is
ed by

this field provides extension information for signalling messages that require extension.

ed by

lated
Each
rture,
ps for

efficient Slgl dluug trformation t:)suldugc For C)&dlllplc, am MPt NTESSage detiversamr MPHable Ullly 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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message shall carry a PA table, an MP table (either complete or subset 0), an MPI

signalling tables share the same structure of signalling information. For efficient
signalling information, a set of descriptors are defined in 10.5.

2 PA message

2.1 General

message carries.a PA table, which contains information for all other signalling tables fi

MPImessage MPT message
PA message (subset 0) (subset 0) SSWR message
MPI table MP table
PA table (subset 0) (subset 0) PA table
MP table MP table
MPI table (subset 0) (subset 0)
(subset 0)
MPImessage MPT message
MP table (subset N) (subset N)
Guosett) MPI table MP table
(subset N) (subset N)
MP table
CRI table (subset N)
CRI message DCI message
DCI tabl
ave CRI table DCI table

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

table (either
e shall carry

Pl table and may carry an MP table. An MPT message shall carry an MP table. A CRI nmpessage shall
a CRI table. A DCI message shall carry a DCI'table. An MPI message and an MPT messd
al subsets of the complete information ne€ded for efficient delivery and redundancy 1

ge can carry
eduction.

exchange of

br a Package.

message also,carries an MPI table (either complete or subset 0) and an MP table (either complete

or supset 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 signallifig messages.
10.3.2:2/Syntax
The syntax of the PA message is defined in Table 21.
Table 21 — PA message syntax
Syntax Value No. of bits Mnemonic
PA message () {
message_id 16 uimsbf
version 8 uimsbf
length 32 uimsbf
extension {
number_of tables N1 8 uimsbf
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}

Table 21 (continued)
Syntax Value No. of bits Mnemonic
for (i=0; 1<N1; i++) {
table id 8 uimsbf
table_version 8 uimsbf
table length 16 uimsbf

message,

payload f
(1=0; i<N1; i++)

table ()

{

For

10.3.2.3 Se
message id 1
version —in

length—a 3]

of the next field to the last byte of the PA message. The value¥0” is not valid for this field.

number of Y

table id -1
id field in th

table versi

field in the t

table lengy
the message]|
length and t
length” - 5.

table ()—- an
table idsin

10.3.3 MPI

mantics
- indicates the identifier of the PA messages.
licates the version of the PA messages.

P-bit field for conveying the length of the PA messdge'in bytes, counting from the begi

ables — indicates the number of signalling tables included in this PA message.

ndicates the table identifier of a table included in this PA message. It is a copy of the t
e table included in the payload of this-PA message.

on — indicates the version of a table included in this PA message. It is a copy of the ve
hble included in the payload.of this PA message.

h — if the table is not aim MPI table, it is a copy of the length field in the table includ
| payload of this PA message. If the table is an MPI table, it is the length derived fro1
he extension length-part. In this case, the derived length is a value that equals “the 3

MMT signalling table instance. The tables in the payload appear in the same order 4
the extension field. An PA table shall be an instance for table ().

message

ning

hble

rsion

ed in
m the
ctual

s the

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.

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.
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Each MPI message carrying a subset of a presentation information document may have a different
transmission period and include the MP table associated 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 No. of bits | Mnemonic
MPI essage () {
ssage id 16 uimsbf
rsion 8 uimsbf
length N1 32 uimsbf
ektension {
reserved “111 11117 7 uimsbf
associated MP_table flag 1 bslbf

message payload {

MPI_ table()

if (associated MP table flag) {
MP table ()

10.3.3.3 Semantics
messqge id - indicates the identification of the MPI message.
version — indicates the versionof the MPI message.

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

assod¢iated MP _table flag - if this flag is set to “1”, the MPI message also carries an associated
MP table. Wheniever an associated MP table exists, the associated MP table shall be ddlivered by a
messpge together with the MPI table. Value “0” explicitly means that the previously stofed MP table
in the redeiving 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 gntity reduce
the signalling acquisition time for Package consumption.

MPI table ()-an MPI table defined in 10.3.8.

MP_ table () - an MP table defined in 10.3.9.
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.
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An MPT provides information for a single Package. A single presentation information document may
be split into several subsets of such document. For partial delivery of a presentation information
document, Assets referenced by a subset of the presentation information document may be described
by a subset of an MP table. MP tables associated with different subsets shall have different table ids.
Sixteen (16) contiguous values from 17 are assigned to table id values for MP tables. The value of
table id “32” (0x20) is assigned for the complete MP table.

In order to support efficient operation of signaling acquisition, a complete MPT or a subset 0 MPT is
also found as part of PA messages.

10.3.4.2 Syntax

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

Table 23 — MPT message syntax

Syntax Value No. of bits Mnemoni¢
MPT messag¢ () {
message| id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

message|payload {

MP_ table ()

10.3.4.3 Semantics
message_id ¢ indicates the identifier of the MPT message.

version — inflicates the version of the MPT message. The MMT receiving entity can check the versjon of
the received|message contained in this field:

length - indjcates the length of the MPT message. The size of this field is 16 bits. The length of thd MPT
message is ih bytes, counting from the beginning of the next field to the last byte of the MPT megsage.
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 G(1neral

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
NTP timestamp sample and the sTc sample at the same temporal points. If more than one MPEG-2 ES
with 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.
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Table 24 — CRI message syntax

message payload f

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

CRI_table()

10.3.5.3 Semantics

messd

vers]

receiyed message using this field.

lengyh — indicates the length of the CRI message, counted in bytes'starting from the beg
next field to the last byte of the CRI message. The value “0” is notwvalid for this field.

CRI fable()- a CRItable is defined in 10.3.10.

10.3.6 DCI message

10.3.6.1 General

The DCI message delivers a DCI table that provides required device capabilities for
consumption.

10.3.6.2 Syntax

The gyntax of the DCI message is defined in Table 25.

ge_id - indicates the identifier of the CRI message.

on - indicates the version of the CRI message. An MMT receiving entity can check thg

Table 25 — DCI message syntax

version of a

nning of the

the Package

Syntax Value No. of bits Mmnemonic
DCI message (L.
ssage\id 16 imsbf
rsion 8 }imsbf
length 16 imsbf
message payload {

DCI_table()

10.3.

6.3 Semantics

message id - indicates the identifier of the DCI message.

version — indicates the version of the DCI message. An MMT receiving entity can check the version of a
received message using this field.
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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.

DCI table () - provides the required device capabilities for the Package consumption. The content of a

DCI table is defined in 10.3.11.
10.3.7 PA table

10.3.7.1 General

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

10.3.7.2 Syptax

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

Table 26 — PA table syntax

Syntax Value No. of Mnemonic
bits
PA table (] {
table id 8 uimsb
version 8 uimsb
length 16 uimsb
informafion table info {
number of tables N1 8 uimsbff
for [i=0; i<N1l; i++) |
bignalling information table id 8 uimsb
signalling information_table version 8 uimst
location {
MMT general location_info()
reserved “1111 1117 7 bslbf
hlternative location flag 1 bslbf
£ (alternatiye ¥ocation flag == 1) {
alternatiwve location {
MMT general location_info()
}
}
}
reserved “1111 1117 7 bslbf
private _extension flag 1 bslbf
if (private extension flag == 1)
private extension {
}
}
}

52
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10.3.7.3 Semantics

table id - indicates the identifier of the PA table.

version — indicates the version of the PA table. The newer version obsoletes the information in any

older version.

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

number of tables - indicates the number of signalling tables whose information is provid
table.

next field to

ed in this PA

signdlling information table id - indicates the ID of a signalling table whosein
provided in this PA table.

signdlling information table version —indicates the version of a signalling table whose
is pragvided in this PA table.

MMT deneral location info - provides the location of a signalling table whese informatiof
in this PA table. Syntax and semantics of MMT general location infg are defined in 10.6.1

altegnative location flag — if this flag is set to “1”, an altepnative address from wh
receiying entity can get the information table is provided.

MMT deneral location info alternative location — provides the information of an alter]
addre¢ss from where an MMT receiving entity can get the signalling table. Only
locafion type from “0x07” to “0x08” shall be used in ¥M™ general location info forasec

privdte extension flag - ifthis flagis “1”, the private extension is present.

privdte extension — a syntax element group“sServing as a container for proprietary or
specific extensions.

10.3.8 MPI table

10.3.8.1 General

An MPI table carries a complete or a subset of a presentation information document. In cag
of a

10.3.8.2 Syntax:
The gyntax ef.the MPI table is defined in Table 27.

Table 27 — MPI table syntax

formation is

information

) is provided

ere an MMT

native

bnd location.

application-

e of a subset

esentation inforymation document, MPI tables for each subset are delivered in separate messages.

Syntax Value No. of bits | Mnemonic

MPI table () {

table id 8 uimsbf

version 8 uimsbf

length N1 16 uimsbf

reserved “1111” bslbf

PI_mode 2 uimsbf

reserved “11”7 2 bslbf

MPIT descriptors {

MPIT descriptors_length N2 16 uimsbf
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Table 27 (continued)
Syntax Value No. of bits | Mnemonic
for (i=0; i<N2; i++) {
MPIT descriptors_byte 8 uimsbf
}
}
PI_content count N3 8 uimsbf
for (i =0; 1i<N3; i++) {
PI content type {
PI_content_ type length N4 8 wimsbf
for (3=0; J<N4; Jj++) |
PI_content type length byte 8 uimgbf
}
}
PI_cé¢ntent name length N5 8 uimgbf
for [j=0; J<N5; j++) |
PI_content name byte 8 uimgbf
}
PI c¢ntent descriptors ({
PI_content_descriptors_length N6 16 uimgbf
for (i=0; i<N6; i++) {
PI_contnent descriptors_byte 8 uimgbf
}
}
PI_c¢ntent length N7 16 uimgbf
for [J=0; J<N7; j++) |
PI_content byte 8 uimgbf
}
}
}
10.3.8.3 Semantics
table id -indicates.the identifier of the MPI table. A complete presentation information documerjt and
each subset ¢f a presentation information document shall have distinct table identifiers. The procgssing
order of subgets ofa presentatlon 1nformat10n (PD) document is specified by this 1nformat10n Sln e the
ie. the

table idVvaM :
PI subset number equals thlS f1eld minus the table id of the base MPI table The number 0 1nd1cates
base PI and the numbers “1’~“14” indicate the subset of PI. The number “15” has a special meaning
since it indicates a complete PI.

version - indicates the version of the MPI table. The newer version overrides the older one as soon as it
isreceived if table idindicates a complete MP], if subset 0 MPI has the same version value as this field
(when PI_mode is “1”), or if all MPIs with the lower-subset number have the same version value as this
field (when I _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
number is not 0 and P1_mode is “1”, the contents of the MPI table with a version different from that of
subset 0 PI stored in an MMT receiving entity shall be ignored. Also, when the PI subset number is not
0 and PI mode is “0”, the contents of the MPI table with a version different from that of lower-subset
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Pls stored in an MMT receiving entity shall be ignored. It shall be modulo-256 incremented per version
change.

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

PT_mode - indicates the mode of a PI subset processing. In “sequential order processing mode” and
with a non-zero subset number of this PI, an MMT receiving entity shall receive all PIs with lower
subset numbers that have the same version as this PI before it processes this PI. For example, an MMT
receiving entity cannot process subset-3 PI, if it has not received subset-2 PI with the same version.
In “order :erelevant _processing mode’ and with the layer number of this MMT-PI set to non-zero, an

: 3 : aslong ast tOPIstored
inan MMT recelvmg entlty has the same Ver51on as thls PI In mdependent _processing mgde”, versions
of eath subset of Pls are managed individually. Fragmented PI is adapted in this mode. [The value of
PI_mdde is specified in Table 28.

Table 28 — Value of PI_mode

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

MPIT |descriptors length — indicates the length of tHe)MPIT descriptors syntax loop. The length is
counfed from the next field to the end of the MPIT ‘descriptors syntax loop. Several des¢riptors that
inclugle information on the whole MPIT can be inserted in this syntax loop.

MPIT [descriptors byte —a byte in the MPIT deSctriptors syntax loop.
PI cqntent count —indicates the number;of PI contents delivered in this MPI table.

PI_cdntent type length - indicates-the length of the content type of this PI content ejxcluding the
terminating null character. The content type must be one of the MIME media types registered at the
IANA|lwebsite, i.e. http://www.idnha.org/assignments/media-types.

PT cdntent type byte — a byte in the content type string of this PI content excluding the|terminating
null dharacter.

PI_cdntent name lendth — indicates the length of the name string of this PI content ejxcluding the
termjnating null €haracter.

PI_cdntent ware byte — a byte in the name string of this PI content excluding the termyinating null
chardcter:

PI_cdnbent descriptors length - indicates the length of the PI content descriptors kyntax loop.
The length is counted from the next field to the end of the PI content descriptors syntax loop. Several
descriptors that include information on the PI content can be inserted in this syntax loop.

PI_content descriptors byte —a byte in the PI content descriptors syntax loop.
PI content length —indicates the length in bytes of this PI content.

PT_content byte - a byte in this PI content.
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10.3.9 MP table

10.3.9.1 General

A complete MP table has the information related to a Package including the list of all Assets. A subset
MP table has a portion of information from a complete MP table. In addition, MP table subset 0 has the
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

Syntax Value No. of bits '\, Mnem¢@nic
MP table () | {
table id 8 uimspf
version 8 uimspf
length 16 uimspf
reserved “11 11117 6 bslbf
MP table|mode 2 bslbf

if ((table id == 0x20)or(table id == 0x11)) {
MMT package id {

MMT| package_id_length N1 8 uimspf

for| (1=0; 1i<N1; i++) {

MMT package id byte 8 uimspf

MP talple descriptors ({

MP_table descriptors_length N2 16 uimspf
for| (i=0; i<N2; i++) {
MP table descriptors ‘byte 8 uimspf
}
}
}
number of assets N3 8 uimspf

for (i=0} 1<N3IF=i++) |

Identjfier mapping()

asset_type 32 char
reserved “1111 117 5 bslbf
asset _modification flag 1 bslbf
default_asset_flag 1 bslbf
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

if (asset time scale flag == 1) {

asset_timescale 32 uimsbf
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Table 29 (continued)
Syntax Value No. of bits | Mnemonic
}
}
asset location ({
location_count N4 8 uimsbf
for (i=0; i<N4; i++) {
MMT general location_info()
1
}
asset descriptors {
asset_descriptors_length N5 16 uimsbf
for (3=0; J<N5; J++) {
asset_descriptors_byte 8 uimsbf
}
}
}
}

10.3.9.3 Semantics

P tables shall
by this field.
educed from

tablq id - indicates the identifier of the MP table. A.complete MP table and each subset M]
use diifferent table identifiers. The subset numbekof the MP table is implicitly represented
Sincelthe table id values are assigned contigu@usly, the MP table subset number can be d

this fjeld, i.e. the MP table subset number equals this field minus the tabie id of the base N
MP table subset number provides the subset number of this MP table. The number “0” i
base MP table and the numbers “1"~“14%indicate a subset of MP table. The number “15”

1P table. The
ndicates the
has a special

mearjing since it indicates a complete’MP table.

as soon as it
table with a
ing complete
dated. When

version - indicates the version.@fithe MP table. The newer version overrides the older one
has been received. If the Mp_£aple mode is not set to independent mode and a subset 0 MP
neweyr version number is received, all MP table subsets with a higher subset number (exclud
MP tgbles) that were préviously stored by the MMT receiving entity shall be treated as out
the MP table subsetnumber is not “0” and MP table mode is “01”, the contents of the MP|table subset
with p version different from that of the subset 0 MP table stored by an MMT receiving entity shall be
ignorfed. Also, when the MP table subset number is not “0” and Mp_table mode is “0”, the co}ltents of the
MP tgble subset with a version different from that of lower-subset MP table subsets stored by an MMT
receiying 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
mechanism is used. In “sequential order processing mode” and with a non-zero subset number 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 if it has 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
receives the MP table subset as long as the subset 0 MP table stored in an MMT receiving entity has the
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 multiple MMT sending entities, is adapted in this mode. The independent mode of subsets of the
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MP table can be used for the multi-channel instantiation, i.e. MP table subsets from subset 0 MP table
to subset-N MP table are assigned as logical channels from Ch “0” to Ch “N”. When an MPI message
carries both an MPI table subset and the associated MP table subset, the T _mode in the MPI table and
the MP_table mode in the MP table shall have the same value. The value of MP_table mode is specified in
Table 30.

Table 30 — Value of MP_table_mode

Value Description
00 “sequential_order_processing_mode”
01 "nrdpr_irw:lmmnf_prnm:ccing_mndp”
10 “independent_processing_mode”
11 Reserved

MMT packagel id - this field is a unique identifier of the Package.

MMT package] id length - the length in bytes of the MvT package id string, excluding the terminating
null charactgr.

MMT packagel id byte — a byte in the MMT package id. When the MMT packége id byte is string, the
terminatingnull character is not included in the string.

asset_type [- provides the type of Asset. This is described in a‘four character code (“4CC”)|type
registered i MP4REG (http://www.mp4ra.org).

MP table delscriptors — this field provides descriptors for the'MP table.

MP table delscriptors length - contains the lengtheefithe descriptor syntax loop. The length is
counted fror the next field to the end of the descriptor;syntax loop. Several descriptors can be inserted
in this syntalx loop.

MP table delscriptors byte — one byte in the déScriptors loop.
number of gssets — provides the number of\Assets whose information is provided by this MP table.
Identifier mapping — provides information of identifier mapping as defined in 10.6.3.

asset_clocK relation flag - indicates whether an Asset uses an NTP clock or other clock systems as
the clock reference. If this flagis*“1”, asset clock relation id field is included. If this field is “Q", the
NTP clock isfused for the Asset:

asset clocK relationsi@ — provides a clock relation identifier for the Asset. This field is used to
reference the clock reldtion delivered by a cR1_descriptor () for the Asset. The value of this field {s one
of the clock|relation id values provided by the CRI descriptors (see 10.5.1).

asset_timeslcale’ flag - indicates whether “asset timescale” information is provided or not. If this

flag is “1”, asset_timescale tield 15 inciuded and if this flag isSset to ‘0", asset_timescale 15 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
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.

58 © ISO/IEC 2023 - All rights reserved


http://www.mp4ra.org
https://iecnorm.com/api/?name=11cf3a0693b299d9790d224e345a2f47

ISO/IEC 23008-1:2023(E)

asset_descriptors_length - the number of bytes counted from the beginning of the next field to the
end of the Asset descriptors syntax loop.

asset_descriptors byte — specifies a byte in Asset descriptors.

default asset flag - indicates whether an Asset is marked as a default asset or not. In case an asset
is marked as a default asset, the MPU timestamp descriptor should be present for the corresponding
timed asset. If this flag is “0”, the asset is marked as a default asset.

asset modification flag - indicates whether the corresponding Asset can be replaced or modified
or changed by MMT sending entity or MANE.

10.3.10CRI table
10.3.10.1 General
The (RI table defined in Table 31 is delivered by the CRI message. Also, it fmay be delivered by a PA
messpge.
10.3.10.2 Syntax
The gyntax of the CRI table is defined in Table 31. A CRI table may include multiple CRI desgriptors (see
10.5.1).
Table 31 — CRI tabjé syntax
Syntax Value No. of bits Mmnemonic
CRI [able () {
tpble id 8 imsbf
rsion 8 imsbf
length 16 imsbf
n er of CRI descriptor N1 8 imsbf
fpr (i=0; i<N1; i++) {
CRI descriptor() 152 uimsbf
}
}

10.3.
tabldg

vers]

10.3 Semantics
_id - indicates the table identifier of the CRI table.

od ~ indicates the version of the CRI table. The newer version overrides the older one
ived

as soon as it

isre

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 CRT descriptor.

CRI descriptor () - a CRI descriptor as defined in 10.5.1.
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10.3.11DCI 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
download (applicable to non-timed data) MIME types.

10.3.11.2 Syntax

The syntax qf DCI table is defined in Table 32.

Table 32 — DCI table syntax

Syntax Value No. of bits | Mnemgpnic
DCI table(] {
table_id 8 uimgbf
version 8 uimgbf
length 16 uimgbf
number ¢f assets N1 8 uimgbf
for (i=0; i<N1; i++) {
asset 1d()
mime_type ()
reservéed “111 1111~ 7 bsihf
codec_¢omplexity flag 1 bslﬂf
if (coflec complexity flag == 1) {
if [top level mime type == video). {

Yideo codec complexity {

video average bitrate 16 uimgbf

video _maximum bitrate 16 uimgbf

horizontal resolution 16 uimgbf

vertical resolution 16 uimgbf

temporal resolution 8 uimgbf

video minimum buffer size 16 uimgbf
}elge if«(EOp level mime type == audio) {

udio-codec complexity {

audio—average—bitrate 16 timsbf
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

10.3.11.3 Semantics
table id - indicates the identifier of the DCI table.

version — indicates the version of the DCI table. The newer version overrides the older one as soon as
the D[CT table is received.

lengih - indicates the length of the DCI table in bytes, counting from the beginning-efithe|next field to
the 1g9st byte of the DCI table. The value “0” is not valid for this field.

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

top_Jevel mime type - indicates the media type part of the MIME(type as given in the pime type ()
syntgx element. MIME types are defined in RFC 2046.

code¢ complexity flag - if this flagis “1”, codec complexity information is provided.
vided codec complexity —indicates the complexity the video decoder has to deal with.
vided average bitrate - indicates the average bitraté of the video in kilo-bit/s for the whole Asset.
videq maximum bitrate - indicates the maximumbitrate of the video in kilo-bit/s for the whole Asset.
horifontal resolution - indicates the horizental resolution of the video in pixels.
vertical resolution - indicates the vertical resolution of the video in pixels.
tempqral resolution — indicates theraverage temporal resolution of the video in frames pdr second.

vided mimimum buffer size,~‘ndicates the minimum size of video decoder buffer that|needs to be
availgble in kilo-bytes.

audiq codec complexity- indicates the complexity the audio decoder has to deal with.
audiq average bitrate - indicates the average bitrate in kilo-bit/s for the whole Asset.
audiq maximymbitrate — indicates the maximum bitrate in kilo-bit/s for the whole Asset.

audiq mifimum buffer size - indicates the minimum size of audio decoder buffer heeds to be
proc¢sséd in kilo-bytes.

download capability - indicates the required capability for download.

required storage — indicates the size of storage in kilobytes required to download.
10.3.12Layout Configuration Table

10.3.12.1 General

This table assigns layout number, device identification, and region number for practical layout
information to present one or more assets. This table has a descriptor field. The descriptor in this field
may include information on the layout such as layout name, usage of the layout, etc. This table is carried
in the PA message, and the information on the layout can be stored in a receiver.
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10.3.12.2 Syntax

Table 33 shows the syntax of the Layout Configuration Table.

Table 33 — Syntax of Layout Configuration Table

descriptor()

Syntax Values No. of bits Mnemonic
Layout Configuration Table() {
table_id 8 uimsbf
version 8 uimsbf
leqgth 16 uimsbf
nu:[::er_of_loop 8 uimsbf
fof (i=0; i<N; i++) {
l3yout_number 8 uimsbf
d¢vice id 8 uimsbf
nymber of region 8 uimsbf
fdr (3=0; J<M; J++) |
fegion number 8 uimsbf
left _top pos x 8 uimsbf
left top pos y 8 uimsbf
right_down_pos_x 8 uimsbf
right_down_pos_y 8 uimsbf
layer_order 8 uimsbf

10.3.12.3 semantic

number of lpbop — This field specifies the number of combination of layout and device, whic

configured ih this Table.

h are

layout numper — This field specifies layout number. The layout number ‘0’ means the default layout. One
layout includes multiple devices.
device id -[This field'specifies device number. The device id ‘0’ means the main device.
number of regidn This field specifies the number of regions in the specified device.

. 1 Tl £ .11 £ H ] Land) 3 ] ‘N 4] £ 14 3
reglon_num e = THIS TITIU SPTULITITS lCBlUll UL, 1'11T ICSIUII ITUIITUCTL U 11ICTdl11IS UIT UtTiduilt 1t,g101’1.

Different devices in the same layout have different region number.

left top pos x — This field specifies the left-top position of the region as the percentage of left side

position pixels to the total horizontal pixels.

left top pos_y - This field specifies the left-top position of the region as the percentage of top side

position pixels to the total vertical pixels.

right down pos_x — This field specifies the right-down position of the region as the percentage of right

side position pixels to the total horizontal pixels.

right down pos_y — This field specifies the right-down position of the region as the percentage of down

side position pixels to the total vertical pixels.
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layer order - This field specifies the relative position of the region in depth direction. The layer order
‘0’ means the most back side position. The greater value of this field means the more front side position.

descriptor — This descriptor field provides more detailed information on the layout.
10.3.13SSWR message

10.3.13.1 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 requgst is defined
in thils subclause.

10.3./13.2 Syntax

The gyntax of SSWR message is defined in Table 34.

Table 34 — SSWR message syntax

Syntax Value No. of bits Mnemonic
SSWR| message () {
ssage id 16 uimsbf
rsion 8 uimsbf
length 16 uimsbf
message payload {
token ID {
token ID URI length N1 8 uimsbf

for (i=0; i<N1; i++) {

token ID URI byte 8 uimsbf

}

Number of deviceID N2 8 uimsbf

for (i=0; 1i<N2; ,i%#) {
device IR

devieeID length N3 8 uimsbf

for (3=0; J<N3; J++) {

deviceID byte 8 uimsbf

1

7

tokenIssure ID ({
tokenIssuer ID URI length N4 8 uimsbf

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

tokenIssuer_ URI_bytes 8 uimsbf
}
}
tokenIssueTime 64 uimsbf
tokenExpireTime 64 uimsbf

information table info {

number_of_tables N5 8 uimsbf

© ISO/IEC 2023 - All rights reserved 63


https://iecnorm.com/api/?name=11cf3a0693b299d9790d224e345a2f47

ISO/IEC 23008-1:2023(E)

Table 34 (continued)
Syntax Value No. of bits Mnemonic
for (i=0; 1<N5; i++) {
MMT signaling table_id 8 uimsbf
MMT signaling table version 8 umisbf

10.3.13.3
message id {
version —in
length — ind

tokenID — id{

Hicates the version of MMT signalling messages.

entification of a Token and is provided by the Token Provider. The Token should be pro

Semantics

indicates the type of MMT signalling messages.

cates the length of MMT signalling messages. The value “0”(isinever used for this fielg

.
vided

by a trustable entity. It has sub-elements of Device ID, Token Issuer'iD, Issue Time and Expire Timp.
deviceID - provides the identification of device(s) under theloKen. If the MMT client wants to conjsume
Asset/Package of two different devices, then multiple Device IDs should be provided.
tokenTIssurdID - identification of trust entity that issués a Token. This field is to be used by the D-PDRM/
D-CAS servef to verify the validity of the Token.
tokenIssueTime — a time at which the Token is\iS5ued. The unit of this field is second. The NTC format
will be used
tokenExpirdTime — a time at which the ToKen is expired. The unit of this field is second. The NTC fgrmat
will be used
MMT signalilng table info - provides the information of MPT related to Package/Assetto be descijipted
by downloaded DRM or CAS.
10.3.14LS nmpessage
10.3.14.1 General
The LS mesgage’carries the license information targeted to a specific receiver or group of recejivers.
This information is delivered to receivers that do not have a return channel.
10.3.14.2 Syntax
The syntax of LS message is defined as follows in Table 35:
Table 35 — LS message syntax
Syntax Value No. of bits Mnemonic
LS message () {
message_id 16 uimsbf
version 8 uimsbf
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Table 35 (continued)

Syntax Value No. of bits Mnemonic
length 32 uimsbf
message payload {

system_id 16*8 uimsbf
number_of licenses N1 32 uimsbf
for (1=0;i<N1;i++) {
license message hash length N2 8 uimsbf
_ license message hash {*N?2 yimsbf
encrypted_license _data length N3 16 imsbf
encrypted_license data 8*N3 imsbf
}
}

10.3.14.3 Semantics

messqge id - indicates the identifier of the PA messages.

version - indicates the version of the PA messages.

lengih — a 32-bit field for conveying the length of the LS message in bytes, counting from the beginning

of thd

systdm_id - provides the UUID that uniquely identifies the DRM system.

numbd
licer

licer
of re(

r of licenses - provides the number 6flicenses in the LS message.

next field to the last byte of the LS message. The{value “0” is not valid for this field.

se message hash length - provide$'the length in bytes of the license message hash.

se message hash - the licensé.message hash code is used to identify the target receiver or group
eivers for the enclosed license. The license message hash is generated by the content decryption

modyle in the same way as thie license server. The hash generation algorithm is DRM system specific.

encripted license data_\length — provides the length of the encrypted license data.

encrypted_license (data — contains an encrypted license that corresponds to the licens¢ message of

which the hash wvalue is included in this message. The license is encrypted using the cert

targeted receiver-or group of receivers.

10.3.15LR message

ficate of the

10.3.15.1 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.

10.3.15.2 Syntax

The syntax of the LR signalling message is defined in Table 36.

Table 36 — LR message syntax

Syntax

Value

No. of bits

Mnemonic

LS message () {
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Table 36 (continued)

Syntax Value No. of bits | Mnemonic
message_id 16 uimsbf
version 8 uimsbf
length 32 uimsbf
message payload {

system_id 16*8 uimsbf
number_of licenses N1 32 uimsbf
for(i=0;i<N1;i++) {
en¢rypted license challenge length N2 16 uwimspf
entrypted license challenge 8*N2 uimspf
}
}
}

10.3.15.3
message id 1
version —in

length—a 3]

Semantics
- indicates the identifier of the LR messages.

licates the version of the LR messages.

of the next field to the last byte of the LR message. The value¥0” is not valid for this field.

System id -
number of ]
encrypted 1

encrypted ]
encrypted u

provides the UUID that uniquely identifies the’DRM system.

icenses — provides the number of licenSes in the LS message.

10.3.16SI table

10.3.16.1

The security

General

icense challenge length — provideés the length of the encrypted license challenge.

P-bit field for conveying the length of the LR messdge'in bytes, counting from the begipning

icense challenge - containstan encrypted license challenge. The license challerge is
5ing the certificate of the targeted receiver or group of receivers.

information'table (SIT) provides the required security for the consumption of the Padkage.

10.3.16.2 Syntax
The syntax fthe SIT is defined in Table 37
Table 37 — SIT syntax
Syntax Value No. of bits | Mnemonic
SI table() {
table id 8 uimsbf
version 8 uimsbf
length 16 uimsbf
number_of Security System N1 8 uimsbf
for (i=0; 1i<N1; i++) {
system id {
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Table 37 (continued)

Syntax Value No. of bits | Mnemonic
system_id length N2 8 uimsbf
for (3=0; J<N2; F++) {

system_id_byte 8 uimsbf
}
}
systemProvider {
systemProvider URL length N3 8 uimsbf
for (i=0; i<N3; i++) {
URL byte 8 uimsbf
}
}
reserved “1111 1122 7 bslbf
encryption_flag 1 bslbf
if (encryption flag == 1) {
encAlgorithm {
encAlgorithm length N4 8 uimsbf
for (i=0; i<N4; i++) {
encAlgorithm _byte 8 uimsbf
}
}
keySize {
keySize length N5 8 uimsbf
for (i=0; 1i<N5; it%¥) {
keySize byte 8 uimsbf
}
}
keyUrl ({
key~URL length N6 8 uimsbf
for (i=0; i<N6; i++) |
URL byte 8 uimsbf
}
}
initializationVector ({
initializationVector_ length N7 8 uimsbf
for (i=0; i<N7; i++) {
length byte 8 uimsbf
}
}
ivUrl {
iv_URL length N8 8 uimsbf
for (i=0; 1i<N8; i++) {
URL byte 8 uimsbf
}
}
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Table 37 (continued)
Syntax Value No. of bits | Mnemonic
keyUrlTemplate {
keyUrlTemplate length N9 8 uimsbf
for (i=0; 1i<N9; i++) {
length byte 8 uimsbf
}
}
ivUrlTemplate {
ivUrlTemplate length N10 8 wimsbf
for (i=0; 1i<N10; i++) {
length byte 8 uimgbf
}
}
reserved “1111 111”7 7 bslbf
authentication flag 1 bslﬂf
if (authentication flag == 1) {
digestUrl {
digest URL length N11 8 uimgbf
for (i=0; 1i<N11; i++) {
URL byte 8 uimgbf
}
}
digestURLTemplate {
digestUrlTemplate lehgth N12 8 uimgbf
for (i=0; 1i<N12; Ad++) |
length byté 8 uimgbf
}
}
signaturelrl {
signature URL length N13 8 uimgbf
foxr" (1=0; 1<N13; 1i++) {
URL byte 8 uimgbf
}
}
signatureURLTemplate {
signatureUrlTemplate length N14 8 uimsbf
for (i=0; i<N14; i++) {
length byte 8 uimsbf
}
}
signatureLength {
signature_length N15 8 uimsbf
for (i=0; 1i<N15; 1i++) {
Length_byte 8 uimsbf
}
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Table 37 (continued)

Syntax Value No. of bits | Mnemonic

}
signatureKeyUrl {

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

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

licenseUrl_length N18 8 uimsbf

for (J=0; 3j<N18; j++) |

URL byte 8 uimsbf

}

licenseURLTemplate {
lisenceUrlTemplate length N19 8 uimsbf
for (i=0; 1<N19; i++) {

length byte 8 uimsbf

}

NOTH How a specific DRM solution or CAS solution works with MMT is out of the scope.

10.3.16.3 Semantics
tablq id - indieates the ID of SIT.

versjon windicates a version of SIT. The newer version overrides the older one as soon ap it has been
receiyed:

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.

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.
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ovides the size of initialization vectors in bytes.

vides the URL for key derivation.

1v - provides the initialization vector.

ivurl - provides the URL for initialization vector derivation.

keyUrlTempl

ivUrlTempla

Authenticatg

digestUrl -
digestUrlTe
signatureUn

signatureUny
value.

signaturels
the normal @

signatureksg
License —th

licenseUrl
specified wi

licenseUrlT]

10.4 Signa
This subclay

ate — provides the template for key URL generation.

te — provides the template for IV URL generation.

1']1|c npfn\na] n]nmnnf gnrnc fhn IHFI\P‘W\’Jf'I{'\Y\ rnqlnrnr‘ Fr\r qnfhonfnﬁqiﬂnn

brovides the URL used for retrieving the digest value.

1 - provides the URL used for retrieving the signature value.

1Template — provides the template for creating the URL used for retrieving the sign|

hgth — provides the length of the signature. It shall appear only if the length is shorter
utput size of the signature algorithm.

yurl - provides the URL for the key used for the signature.
s optional element provides the information to getthe License.

- the license format can be in some standard)ones or be dependent on the system t
h system1d of the System element.

mplate — specifies the template for license URL generation.

lling messages for Package delivery

se specifies signalling mesSages that are used to exchange signalling information re

to Package delivery except AL_FEC message which is defined in Clause C.6

10.4.1 Hyp

pthetical receiver-buffer model (HRBM) message

10.4.1.1 General

The HRBM
transmissio
broadcasting
recognize t

is described in Clause 11. An HRBM message provides information on end-t
h delay.and memory requirement to an MMT receiving entity for efficient operatioi
env1ronment As the HRBM is apphed per MMTP sub- flow the MMT recelvmg entit

of the MMTP packet that carrled the HRBM 51gna111ng message

10.4.1.2 Sy

ntax

The syntax of the HRBM message is defined in Table 38.

Table 38 — HRBM message syntax

70

Syntax Values No. of bits | Mnemonic
HRBM message ( ) {
message_id 16 uimsbf
version 8 uimsbf

nplate — provides the template for creating the URL used for retrieving the digest value.

ature

than

hat is

lated

b-end
N in a
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Table 38 (continued)

Syntax Values No. of bits | Mnemonic
length 16 uimsbf
message payload{

max_buffer size 32 uimsbf
fixed end_to_end delay 32 uimsbf
max_transmission_delay 32 uimsbf
}
1

10.4.

messd

vers]
versi

lengt
byte

max_

fixed
entity

max 1
entity

NOTH
FEC

10.4.

10.4.

1.3 Semantics

ge_id - indicates the identifier of the HRBM message.

on - version of the HRBM messages. An MMT receiving entity can.Use this field
bn of the received HRBM message.

bf the HRBM message. The value “0” is not valid for this field-

uffer size - provides information for the required maximtm buffer size in bytes of
_end_to_end delay - provides information for fixed end to end delay between
 and the receiving entity in millisecond.

 and receiving entity in millisecond.

Fixed end-to-end delay is calculated by summing the
rotection window time (refer to AL-FEC message in C.6).

2 Measurement configuratiop’(MC) message

2.1 General

MC

provides multiple mleasurement configurations on multiple reporting messages af

essages are usedsfar transport measurement and reporting configurations. The

measjurement configuration defines reporting type, measurement times, and the number
messhges that fellows the same measurement configuration. The reporting configurations
in eath measurément configuration, and it provides ID of desired reporting message, repo
and the MMT\sending entity address where the reporting message shall be sent.

10.4.2.2" Syntax

h - length of the HRBM messages in bytes, counting from the fitst byte of the next fig

ransmission delay - provides information forrthe max transmission delay betweern

max_ transmission

to check the

Id to the last

MMT Assets.

the sending

the sending

| delay and

MC message

once. The
of reporting
are included
rting period,

The syntax of the MC message is defined in Table 39.

Table 39 — MC message syntax

Syntax Values No. of bits Mnemonic
MC message () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload {
number of configurations N1 8 uimsbf
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Table 39 (continued)
Syntax Values No. of bits Mnemonic
for (i=0; 1<N1; i++) {
reporting type 2 uimsbf
reserved 11 11171 6 uimsbf
measurement_start_time 32 uimsbf
measurement duration 16 uimsbf
number_of reports N2 8 uimsbf
for (3=0; J<N2; j++) |
reporting message id 16 uimsjf
reporting period 16 nimshbf
}
}
}

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

version - ir]dicates the version of the messages. The MMT regeiving entity may check whethdr the
version of the received message is new or not. The newer version overrides the older one as soon gs it is
been received. The length of this field is 8 bits.

length - indjcates the length of the messages in bytesgcounting from the beginning of the next field to
the last bytelof the MC message. The value “0” shall net be used for this field.

number of donfigurations - indicates the number of measurement configurations. The measurgment
Configuration consists of reporting type, measurement start time, measurement duration, gnd a
number of measurement result reports.

reporting type —indicates how oftentiie measurement results shall be reported to the reporting]MMT
sending entify. Valid values for this field are described in Table 40.

Table 40 — Value of reporting_type

Value Description
00 btart measurement immediately and stop measurement at the appointed time
01 Start.afid*stop measurement at the appointed time
10 btdrt measurement at the measurement condition
11 STOp MEASUTEMENt IMmediately

measurement start time -indicates the starting time of the measurement. This field shall be formatted
as the “short-format” defined in IETF RFC 5905, NTP version 4, Clause 6.

measurement duration - indicates the duration of the measurement in units of milliseconds. The
measurement result reports are sent until the time of measurement_duration from the measurement_
start_time.

number of reports - indicates the number of the measurement result reports. The measurement
results are contained in the reporting messages.

reporting message_ id - indicates the message ID of each reporting message. The MMT sending entity
requests the MMT receiving entity to send the MMT signalling message identified by reporting_
message_id as a reporting message.
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reporting period - defines the period of the measurement result reports. The reporting_period
indicates the time interval between the sending times of each measurement result. The unit of this field
is milliseconds.

reporting MMT sending entity address - indicates the location of MMT sending entity that receives
the results of requested measurement. Syntax and semantics of reporting_ MMT sending entity_address
use the syntax and semantics of MMT_general_location_info which is defined in sub-clause 10.6.1. Only
the value of 1ocation_type “0x01”, “0x02”, “0x05”, and “0x06” shall be used. For 1ocation type “0x01”
and “0x02”, only the value of ipv4 dst addr, ipvé dst addr, and dst_port shall be used. The value of
packet id shall be ignored.

10.4.3 ARQ configuration (AC) message

10.4.3.1 General
ARQ fonfiguration information, which includes the policy to be adopted by the MMT sending entity and
MMT]receiving entity in the event of packet loss, shall be transmitted at the\beginning offa session as

the ARQ configuration (AC) message from the transmitting MMT sending entity to the MMT receiving
entity either in-band or out-of-band.

10.4.8.2 Syntax

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

Table 41 — AC message syntax

Syntax Values No. of bits Mnemonic
AC mpssage() {
message_id 16 uimsbf
veEsion 8 uimsbf
lepgth 16 uimsbf
megsage payload{
flow_label flag 1 bslbf
L f (flow label flag ==_1) {
fb_flow_label 7 uimsbf
} else {
reserved “1111 111”7 7 bslbf
}
delay\constrained ARQ flag 1 bslbf
numbér of packet id N1 7 uimsbf
fof (i=0; i<N1; i++) {
packet_id 16 uimsbf
rtx window_timeout 32 uimsbf

}
arq server address({

MMT general location info ()
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10.4.3.3 Semantics

message id-—

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 whether the
received message is new or not. The length of this field is 8 bits.

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 message. The
value “0” shall not be used.

flow label

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

of rtx flow |

fo_flow lay

message. The f1ow label will be allocated to guarantee higher priority for the AF messagé alor

delivery pat
to 1.

delay cons(
constrained

number of P

rtx window |

an MMTP p3
certain MM
receiving en
the MMTP p

arg_server |
message to 1

NOTE
simplicity.

Th

10.4.4 ARQ

10.4.4.1 General

In the event]
messageis g

fity can infer whether the MMTP packet is available by referencing the timestamp fi

label parameter is present.

q

1 - indicates the flow label to be used when the MMT receiving entity sends

n. This parameter will be presented only if the value of fiow label flaggparameter

rained ARQ flag - when set to “1”, this flag indicates that the ‘server supports
ARQ.

acket id - indicates the number of packet id that has lost packets.

timeout - indicates the retransmit window timeout.tAn MMT sending entity will
cket in buffer until the timeout, and thus available-for’retransmission. The timeout]
P packet starts when the MMT sending entity sends the MMTP packet. Thus, the

hcket header. The unit is milliseconds.

address - indicates address of servers toWhich the MMT receiving entity can send t
equest lost MMTP packets.

e location_type of MMT general logafion info () will be restricted to 0x01, 0x02 and 0x

feedback (AF) message

of packet loss{this loss is detected by the MMT receiving entity. An ARQ feedback
enerated according to the information of the AC message and then transmitted to the

sending enti
a mask of u

packets. Thif allows the AF message to report up to 255x8 lost packets in one AF message. The s
for the AF mpsSage is shown in Table 42,

'y. When the-MMT receiving entity detects that one or more packets have been lost, it
to 255\bytes where each bit in a byte corresponds to a sequence number of lost M

n AF
g the
is set

delay

keep
for a
MMT
bld in

he AF

D5 for

(AF)
MMT
orms
MTP
yntax

The method

of packet loss detection is outside the scope of this document.

10.4.4.2 Syntax

The syntax of the AF message is defined in Table 42.

Table 42 — AF message syntax

Syntax Values | No. of bits

Mnemonic

AF_message

version

74

message_id

0 A
16

8

uimsbf
uimsbf
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Syntax Values | No.ofbits | Mnemonic
length 16 uimsbf
message payload {

reserved ‘11111 5 uimsbf
argument_type 1 bslbf
delay constrained ARQ mode 2 uimsbf
if (argument type == 0) {
if (delay constrained ARQ mode == 01){
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<N1; i++) {
mask_byte 8 uimsbf
}
}
i f (argument type == 1) {
reserved 1 1 bslbf
number_of packet id N2 7 uimsbf
if (delay constraine@lARQ mode == 01) {
ARQ feedback stimestamp 32 uimsbf
}
if (delay comstrained ARQ mode == 10) {
propagation_delay 32 uimsbf
}
for (=0 1i<N2; i++) {
packet_id 16 uimsbf
packet_sequence_number 32 uimsbf
masklength N3 8 uimsbf
if (delay constrained ARQ mode == 01) {
arrival deadline 16 uimsbf
}
for (3=0; J<N3; J++) {
mask_byte 8 uimsbf
}
}
}
}
}
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10.4.4.3 Semantics
message id —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.

argument_type — indicates the type of argument the MMT receiving entity is using when requesting the
lost packets fo the server. Valid values for this field are described in Table 43.

Table 43 — Value of argument_type

Value Description

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

Packet sequence number based ARQ. MMT receiving entity Sends the AF
messages with packet idand packet sequence numbgX

delay constjrained ARQ mode - indicates the type of delay constraingd-ARQ. Valid values for thig field
are described in Table 44.

Table 44 — Value of delay_constrained_ARQ_mode

Value Description

No time constrained ARQ. ARQ seryer does not need to consider any delay

00 constraints when retransmitting the lost packets for this request.

Playout-time constrained ARQ:MMT receiving entity sends AF message,
01 with ARQ feedback timés®ampand arrival deadline,to help the serv-
er decide whether to retransmit or not.

Delivery-time constrained ARQ. MMT receiving entity sends AF message,
10 with propagatiofdelay only, to help the server decide whether to re-
transmit or not.

11 Reserved fer future use.

number of gacket id - indicates the number of packet id that has lost packets.
delay constfrained AR@Nf1ag - indicates the present of arrival deadline field information.

ARQ feedbadk timestemp — indicates the NTP time at which the ARQ feedback is sent from the MMT
receiving engity.

el r\vnh')n')flr\n r‘a]')‘r Fr\v fha ]\/”\/I'T' n')r‘lzoi' i'r\ arv‘nro ')f f]‘\o ]\/”\/[T rnr‘onnnn’ onf‘!f
propagatio += propaga Y P RE-entt . The

MMT receiving entity calculates the propagation delay by the subtracting the NTP time at the dehvery
instant of a MMT packet from the NTP 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 thatis 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.
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
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increment from the ARQ feedback timestamp. The first 8 bits represents integer part and 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_id islost, then the corresponding bit will be set to “1”.

10.4.

10.4.

5 Reception quality feedback (RQF) message

5.1 General

An MMT receiving entity can send the reception quality feedback to the MMT sending entity to inform

the r
entity

An M
calcul
the d
lisc
(NTP
from

(D21 1= Touli) - Tys(D)]

Figure 20 — Round trip time (RTT) calculation

MT receiving entity.provides information in the feedback to allow the MMT send

bception quality of the received MMTP packet flow by using RQF messages. An MMT receiving
 needs to keep track of reception quality per MMT sending entity.
MMT Tgs(i) Tys
sending | >
entity | Reception quality {
| feedback :
| Delay 1, Ty |
| |
| |
- |
[Tes(i) [MMTP packet (i) |
l l
| |
| |
| |
| |
| |
| |
MMT ! :
receiving : ; i : =
entity | Delay1 . i_Delay 2 |
} ! ! I
: Trr(D) Tsr :

ng entity to

llate the round trip\time (RTT) and the process is as shown in Figure 20. In Figure 2
blivery time of theMMTP packet from the MMT sending entity to the MMT receiving
hlculated by, the subtracting Ty g(i) (NTP time at delivery instant of i-th MMTP packet]
time at arfival instant of i-th MMTP packet). The Delay 2 is the delivery time for the N
the MMT receiving entity to the MMT sending entity. The Delay 2 is calculated by sub

0, Delay 1 is
entity. Delay

from Tgg(i)
IMTP packet
tracting Tg g

(NTP{time at delivery instant of the feedback report, i.e. feedback_timestamp) from the Ty ¢ (NTP time
at arffival instant of the feedback report). Thus, the MMT sending entity can calculate the RT T by adding
Delay1'and nn]ay 2
10.4.5.2 Syntax
The syntax of the RQF message is defined in Table 45.
Table 45 — RQF message syntax
Syntax Values No. of bits Mnemonic

RQF message ( ) {

message_id 16 uimsbf

version 8 uimsbf

length 16 uimsbf
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Table 45 (continued)

Syntax Values No. of bits Mnemonic
message payload {
packet_loss_ratio 8 uimsbf
inter arrival jitter 32 uimsbf
max_transmission_delay 32 uimsbf
min_transmission_delay 32 uimsbf
RTT parameter ({
propj_g;a_tj_g_n=de1av 32 unimsbf
feedback_timestamp 32 uimsbf
}
}
}

10.4.5.3 Se
message id 1

version — Ve

areceived message. The length of this field is 8 bits.

length — len
RQF messag

packet loss
transmitted
fraction by 3
can be calcu
average bif

inter arrivy
compared W
be estimate
inter arriv
be calculate
average bif

RTT_parame
required for
received. W
received. RT]

mantics
L identifier of the RQF message. The length of this field is 16 bits?

sion of the RQF message. An MMT receiving entity can use-this field to check the vers

bth of the RQF in bytes, counting from the first byte‘of the next field to the last byte
2. The length of this field is 16 bits and the value(’0"is not valid for this field.

| ratio — ratio between the number of lest MMTP packets and the total numb
packets. This value is equivalent to taking the integer part after multiplying th¢
56. The packet loss ratio is a result measured within the measurement duration ¥

rate period.

21 jitter — deviation of the difference in packet spacing at the MMT receiving ¢
ith the MMT sending entify for a pair of packets, measured in timestamp units. I
H based on the time difference between the arrivals of adjacent MMTP packets
a1l jitter is an average result measured within the measurement duration whic
d between measyrement start time and measurement stop time OI can be pI‘OVid
rate period.

ter — paranieter used for calculating the round trip time (RTT). RTT is the length of
the MMTP packet to be sent and the length of time it takes for an acknowledgement
nen cemputing the RTT, the MMT sending entity records the time when the feedb
T is'calculated by subtracting the feedback timestamp from the recorded time and a

the propagaf]

jon of

bf the

er of
b loss
wvhich

ated between measurement start gtime and measurement stop time OI can be pI‘OVidIed by

entity
t can

The
n can
ed by

time
to be
hck is
Hding

ien 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.

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
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packet. The max transmission delay is the maximum transmission delay measured within the
measurement duration.

min transmission delay - the minimum 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 min transmission delay is the minimum transmission delay measured within the
measurement duration.

10.4.6 NAM feedback (NAMF) message

10.4.6.1 Syntax
The gyntax of the NAM feedback is defined in Table 46.
Table 46 — NAM_Feedback message syntax
Syntax Valire Nl;)i.t(s)f Mnemonic
NAMF| message ( ) {
mesfsage _id 16 uimsbf
verfsion 8 uimsbf
length 16 uimsbf
mesgage payload{
cLr id 8 uimsbf
NAM flag 1 boolean
mopile info_descriptor flag 1 boolean
media quality descriptor_flag 1 boolean
relserved ‘111171 5 uimsbf
if[(NAM flag == 0) {
lative available bitrate 8 uimsbf
lative buffer fullness 8 uimsbf
lative peak bitraté 8 uimsbf
average bitrate period 16 uimsbf
rrent_delay 32 uimsbf
neration time 32 uimsbf
R 32 uimsbf
cket \loss_ratio 8 uimsbf
jifter_duration 32 uimsbf
}else if (NAM flag == 1) {
available bitrate 32 uimsbf
buffer fullness 32 uimsbf
peak bitrate 32 uimsbf
average bitrate period 16 uimsbf
current_delay 32 uimsbf
generation_time 32 uimsbf
BER 32 uimsbf
packet_loss_ratio 8 uimsbf
jitter duration 32 uimsbf
SDU_size 32 uimsbf
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mobile_info_descriptor ()
if (media

media quality measurement ()

Table 46 (continued)
Syntax Value Nt?i.t(s)f Mnemonic
SDU loss_ratio 8 uimsbf
}
if (mobile info descriptor flag == 1)

quality descriptor flag == 1)

10.4.6.2 Se
message 1id 1

version — in
received me

length - ind

mantics
L indicates the NAMF message ID. The length of this field is 16 bits.

dicates the version of NAMF messages. The MMT receiving entity may check whethg
bsage is new or not. The length of this field is 8 bits.

cates the length of NAMF messages. The length of this field-is 16 bits. It indicates the |

of the NAM fleedback message counted in bytes starting from the néxt'field to the last byte of the

Feedback m¢

NAM flag -1
information

CLI id-isa

relative av|
information

relative by
information

relative pd
the previous

available b
MMT streamn
the underlyi

buffer fullf
available b

ssage. The value “0” shall not be used.

hdicates whether the NAMF message contains abselute NAM information or relative

h arbitrary integer number to identify thi’NAM among the underlying network.

ailable bitrate — the available bitsate change ratio (%) between the current
and the previous NAM information.

ffer fullness - the remainingbuffer fullness change ratio (%) between the current
and the previous NAM information.

ak bitrate - the peak bitrate change ratio (%) between the current NAM informatio
NAM information,

itrate — is the(bitrate that the scheduler of the underlying network can guarantee f
.The availabie bitrate is expressed in kilobits per second. Overhead for the protod
hg networklis not included.

ness-=the buffer is used to absorb excess bitrate higher than the
ittate. The butfer fullness is expressed in bytes.

The value “1” should be set, if the NAMF message contains absolute NAM informatior).

br the

bngth
NAM

NAM

NAM

NAM

n and

o the
ols of

peak bitrate - the peak bitrate 1s the maximum allowable bitrate that the underlying network can
assign to the MMT stream. The peak bitrate is expressed in kilobits per second. Overhead for the
protocols of the underlying network is not included.

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

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 period is provided in units of milliseconds.

SDU_size - Service data unit (SDU) is data unit in which the underlying network delivers the MMT data.
The spu_size specifies the length of the SDU and is expressed in bits. Overhead for the protocols of the
underlying network is not included.
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SDU_loss_ratio —the sDu loss ratiois a fraction of SDUs lost or detected as errorneous. Loss ratio of
MMT packets can be calculated as a function of spU_1oss ratioand spu_size.
The spu_loss ratiois expressed 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.

mobile_info descriptor flag —indicates whethermobile info descriptor isincluded or not. Ifitis
set tq ‘1, the descriptor is included.

medid quality descriptor flag - indicates whether media quality descriptor isjinclugled or not. If
itis sptto ‘1, the descriptor is included.

mobile info descriptor - indicates a descriptor defined in 10.5.7 which\includes cellular device
specific information. It is reported to a MMT sending entity when triggered’by MC message in NAMF
messpge while set mobile descriptor flagas ‘1.

mediqd quality descriptor — indicates a descriptor defined in 10.58 which includes mjedia quality
specific information. It is reported to a MMT sending entity when) triggered by MC message in NAMF
messpge while set media quality descriptor flagas “1°

jittdr duration - indicates total duration of playback/bufferunderrun measured during the period
specified in MC message in milliseconds. The length of€his field is 32 bits.

10.4.7 Low delay consumption (LDC) message

10.4.7.1 General

The LDC Message provides information’required to decode and present media data by the MMT

recei
that 1

Box and the coding dependency.§tructure is fixed across an Asset. When this message is us

of de
the M

time |

10.4.

The s

/ing entity before it receives metadata such as movie fragment headers. This mess:
he duration of each sample is‘fixed as signalled by default sample duration in Tf

roding time of the first sample of MPU is smaller than the presentation time of the fi

PU by the sum of base -presentation time offset and the largest value of sample d
offset value paired sample composition time offset signis “1”

7.2 Syntax

yntax of the low delay consumption message is defined in Table 47.

Table 47 — Low delay consumption message syntax

1ge indicates
ack Extends
ed, the value
'st sample of

omposition

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

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

base presentation_time offset 31 uimsbf

coding dependency structure_flag 1 bslbf

if (coding dependency structure flag == 1) {

period of intra coded _sample N1 8 uimsbf
© ISO/IEC 2023 - All rights reserved 81


https://iecnorm.com/api/?name=11cf3a0693b299d9790d224e345a2f47

ISO/IEC 23008-1:2023(E)

Table 47 (continued)
Syntax Values No. of bits Mnemonic
for (i=0 ; i<N1l;i++) {
sample composition time offset_sign 1 bslbf
sample composition_time offset value 31 uimsbf

10.4.7.3 Se
message 1id 1

version — V€
of the receiv

length,—len
byte of the L

base presen
time and pr
the decoding
presentation

coding deps¢
order of sa
the present
presentation
for the client

period of i
samples.

sample comp
between ded

sample compg
between the
sample comp
time and the
sample comp
time and the

rgfles are different each other. If this flag is;set to “0”, the decoding order shall be same

mantics
L indicates the identifier of the LDC message.

rsion of the LDC messages. An MMT receiving entity can use this field to check the ve
pd LDC message.

DC message. The value “0” is not valid for this field.

tation time offset — provides information about the time difference between dec
psentation time in microseconds. Presentation time of'e¢ach sample shall be greater
F time with this value. This shall not include any difference between the decoding tim
time of samples incurred due to reordering of deceded media data.

hdency structure flag - provides an indication that the decoding order and present

ion order of samples. If this flag is set t0\*1”, the decoding order shall be different fro
order of samples and detailed composition time offset shall be provided in this me
to calculate the appropriate decodin’g time and presentation time of the samples.

htra coded sample — provideS.the number of samples between two independently ¢

bsition time offset.stgn — provides the arithmetic sign of offset added to the diffe
oding time and composition time of sample.

osition time Ofiffset value — provides the value of the offset added to the difference
decoding time and the composition time. If the value of

osition_f£i#mé offset sign is “0” then the difference between the value of compositi
value ef.decoding time is decreased in microseconds. If the value of
osition time offset sign is “1”, then the difference between the value of compositi
value of decoding time is increased in microseconds.

rsion

pth of the LDC messages in bytes, counting from the first bytelefthe next field to the last

bding
than
e and

ation
with
m the
ssage

oded

rence

10.4.8 Hyp

othetical receiver buffer model (HRBM) removal message

10.4.8.1 General

The HRBM removal message provides information on the management of the MMT de-capsulation
buffer depending on the operation mode of the client as specified in Clause 11. This message provides
information required 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. If
this message is signalled, the client shall choose one of operation modes with the maximum required
buffer size signalled by this message to prevent overflow or underflow of the MMTP de-capsulation
buffer. Depending on the mode chosen by the client, either a complete MPU, a movie fragment or a single
MFU is recovered and the reconstructed data is forwarded to the upper layer such as the media engine.
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Table 48 — HRBM Removal message syntax

Syntax Values No. of bits Mnemonic
HRBM Removal message ( ) {
message_id 16 uimsbf
version 8 uimsbf
1pmgth 16 uimsbf
mepssage payload {
number_of operation_modes 8 uimsbf
for (i=0; i<number of operation mode; i++) {
data_removal_type 8 uimsbf
max_decapsulation buffer size 32 uimsbf
}
buffer management valid 1 bslbf
reserved uimsbf

10.4.8.3 Semantics

messqge id - indicates the identifier of the HREM, Data Removal message.

versjon — version of the HRBM Data Removal messages. An MMT receiving entity can use| this field to
checlf the version of the received HREM Dgta Removal message.

lengyh - length of the HRBM Data Rdmbval messages in bytes, counting from the first bytp of the next
field fo the last byte of the HRBM Dédta Removal message. The value “0” is not valid for this field.

numbgdr of operation modes\-)provides the number of operation modes a client can choosg¢ to operate.

data |removal type — provides the information for the type of operation mode of client removing data
recor]structed at the-MMTP de-capsulation buffer defined in HRBM in Clause 11. For gach mode, a
required buffer size is'provided (The list of available values are in Table 49).

Table 49 — data_removal_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 remove complete MFUs (MFU mode)
0x04 ~ 0x9F Reserved for ISO use
0xAO0 ~0xFF Reserved for private use

max decapsulation buffer size — provides the information for the required maximum size of the

MMTP de-capsulation buffer in bytes of MMT Assets.

buffer management valid — provides the information whether the buffer management mechanism
defined for an Asset is applied. If this flag is set to “0”, no restriction to both the initial delay before
starting the removal of data from the MMTP de-capsulation buffer and the rate of removing data from
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the MMTP de-capsulation buffer are applied. Reconstructed data shall be available at the MMTP de-
capsulation buffer until the buffer becomes full. Reconstructed data shall be removed from the oldest
one according 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 MM TP de-capsulation buffer and the rate of removing data from the MMTP

de-capsulati

on buffer shall be carried in the media data based on external specification.

10.4.9 ADC message

10.4.9.1 General

An ADC mesage carries information on ADC which defines QoS requirements and statistics of Asget for
delivery, and their associated QoE quality information in alignment with ISO/IEC 23001-10.Additional
operating ppints can be derived from stream sub-representation via a new sample Gkoup fndex
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 entitly 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 jts size.
10.4.9.2 Syptax
The syntax df the ADC message is defined in Table 50.
Table 50 — ADC message-syntax
Syntax Value No. of bits Mnemonic
ADC messag¢ () |
message| id 16 uimsbf
version 8 uimsbf
length 32 uimsbf
message|payload {
vajidity start_time 32 uimsbf
vajidity duration 32 uimsbf
ADC level flag boolean
flow label flag boolean
regerved uimsbf
if| (ADC_ lewel~flag == 1) {
MPU\ Sequence_number 32 uimsbf
}
packet_id 16 wimsbf
gos_descriptor{ uimsbf
loss_tolerance 8 bslbf
jitter sensitivity 8 bslbf
class_of _service 1 boolean
bidirection_indicator 1 boolean
reserved 6 bslbf
}
goe_descriptor{
n_samples 16 uimsbf
for (i=0;1i<N1; i++) {

84
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Table 50 (continued)
Syntax Value No. of bits Mnemonic
sample group index 16 uimsbf

}
spatial_quality 16 uimsbf
temporal quality 16 uimsbf
aggregate rate 32 uimsbf

}

if (class of service == 1)

bitstream descriptor vbr{
sustainable rate 16 himsbf
buffer size 16 himsbf
peak_rate 16 himsbf
max MFU_size 8 himsbf
mfu_period 8 1limsbf

lelse

bitstream descriptor cbr{
peak_rate 16 himsbf
max MFU_size 8 himsbf
mfu_period 8 himsbf

}

if (flow label flag == 1) {
flow_label 7 hlimsbf
reserved 1 1limsbf

}

}
}

10.4.9.3 Semantics
messdge id - indicates the identifier of the ADC messages.
versjon — indicatesthe version of the ADC messages.

lengih - a 324bitfield for conveying the length of the ADC message in bytes, counting from the beginning
of thg nextfield to the last byte of the ADC message. The value “0” is not valid for this field.

validity” start time - indicates the time when the updated ADC message starts to be valjd in UTC.

validity period duration - indicates the validity period duration of the updated ADC message from
the validity start time in milliseconds. The value of this parameter within this ADC message is valid
until this duration and the MANE does not need to capture the newer ADC message necessarily.

ADC level flag (1 bit) - indicates whether included ADC information is for an Asset or for an MPU.
If set to “0”, the ADC signalling message includes information for an Asset. If set to “1”, it includes ADC
information for a single MPU.

flow label flag (1 bit) —indicates whether included fiow 1abel is used. If this flag is set to “1”, the
flow label information is used.

loss tolerance - indicates the required loss tolerance of the Asset for the delivery. The value of 10ss
tolerance attribute is listed in Table 1.
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jitter sensitivity — indicates the required jitter level of the underlying delivery network for the
Asset delivery between end-to-end. The value of this 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 —ifsetto “1”, the bidirectional delivery is required. If set to “0”, the bidirectional

delivery is not required.

bitstream descriptor vbr —when class of serviceis ‘1",

this field sha

11 be used for “Bitstream descriptorType’.

bitstream_d
descriptorT|

n samples —

spatial qug

ISOBMFF qu

temporal qu
computed fr

aggregate 1

sustainableg

the Asset. The value of this field corresponds to drain rate imthe token bucket model. The value d

field is exprg

buffer sizg
instantaneo
enough to ay
The value of
in bytes.

peak rate —

highest bitrg

MFU_period
measured aj
value of this

max MFU siz
field is expreg

flow label 1

bscriptor_cbr — when class of service is “0”, this field shall be used for “Bifst

ype' .
defines the samples associated with this particular operating point.

1ity — defines the spatial quality associated with samples that are\conforming t
hlity format. Examples are PSNR and MSE.

ality — defines the temporal quality or distortion associat€d with samples th3
bm the [SOBMFF frame significance values.

ate — defines the bitrate associated with the operating point.

| rate — defines the minimum bitrate that shall be’guaranteed for continuous delive

ssed in bytes per second.

- defines the maximum buffer size for delivery of the Asset. The buffer absorbs ¢
Is bitrate higher than the value of sugtainable rate and the buffer size shall be

this field of a constant bit rate (CBR)“Asset shall be zero. The value of this field is expr

defines peak bitrate during €ontinuous delivery of the Asset. The value of this field
te during every Mru_period. The value of this field is expressed in bytes per second.

- defines period ©of\MFUs during continuous delivery of the Asset. The MFU_p
the time interval)of sending time between the first byte of two consecutive MFUs
field is expressed in millisecond.

e — indicatésthe maximum size of MFU, which is MFU period*peak rate. The value @
ssed in bytes.

indieates the flow identifier. The application can perform per-flow QoS operationsin v

network res

ream

o0 the

t are

ery of

f this

xCess
large

oid overflow. The value of this field corresponds to bucket depth in the token bucket mpodel.

bssed

s the

eriod
. The

f this

wvhich

m or

urces are temporarily reserved during the session. A flow is defined to be a bitstre

a group of bitstreams whose network resources are reserved according to transport characteristics
or ADC in Package. It is an implicit serial number from “0” to “127”. An arbitrary number is assigned
temporarily during a session and refers to every individual flow for whom a decoder (processor) is
assigned and network resource can be reserved.

packet id (16 bits) - this field is an integer value that can be used to distinguish one Asset from
another. The value of this field is derived from the asset id of the Asset where this packet belongs to.
The mapping between the packet id and the asset id is signalled by the Package Table as part of a
signalling message. The packet id is unique throughout the lifetime of the delivery session and for all
MMT flows delivered by the same MMT sending entity. For AL-FEC, the mapping between the packet id
and the FEC repair flow is provided in the AL-FEC message (see C.6).
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10.4.10NAT _Keepalive (NK) message

10.4.10.1 General
NK message contains session notification related information to avoid the NAT traversal problem in

heterogeneous networks. MMTP over UDP has less overhead and delay so that it can provide real-time
delivery, but there can be NAT traversal problem especially in heterogeneous mobile networks.

10.4.10.2 Syntax

The syntax for the NK message is shown in Table 51

Table 51 — NK Message Syntax
Syntax Value No. of‘bits Mnemonic
NK mpssage () {
message _id 16 uimsbf
veEsion 8 uimsbf
lepgth 16 uimsbf
mepsage payload{
ip addr version 2 uimsbf
rpserved 11 1111 6 uimsbf
MMT package id {
MMT package id_length N1 8 uimsbf
for (i=0; i<N1; i++) {
MMT package id byte 8 uimsbf
}
}
iff (ip_addr version == 00) {
ipvd src_addr 32 uimsbf
}{ else if (ip addr vershon == 01) {
ipv6_src_addr 128 uimsbf
}
sfrc_port 16 uimsbf
mEbile_info_descriptor ()
}
}

10-4’-19-3 Scunaut;\,o
message_id - indicates the message ID. The length of this field is 16 bits.

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

length — indicates the length of the messages in bytes, counting from the beginning of the next field to
the last byte of the NK message. The value “0” shall not be used for this field.

ip addr version - this field indicates the version of the [P address as defined in Table 52.
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Table 52 — Value of address_type

Value Description
00 MMTP packet flow over UDP/IP (version 4)
01 MMTP packet flow over UDP/IP (version 6)

10~11 reserved

MMT package

_id - this field is a unique identifier of the Package that is being served.

MMT package id length — the length in bytes of the MuT package id string, excluding the terminating
null character.

MMT package] id byte — a byte in the MMT package id. When the MMT package id byte is string, the
terminatingnull character is not included in the string.
ipvd src_addr - This field is the IPv4 address of the sender of the packet. The length of this field is 32
bits.
ipvé src addr - This field is the IPv6 address of the sender of the packet. The length of this field is 128
bits.
src_port - [This field indicates the sending port number. The length of this field is 16 bits.
mobile infq descriptor —indicates a descriptor defined in 10.5.7.
10.4.11Media Resource Identification (MRI) message
10.4.11.1 General
An MMT serlding entity can send the media resourge-identification information to the MMT recgiving
entity to prpvide the information of media resource (MMTP) allocation information by using MRI
messages. Bly using the MRI message, the MMT 'sending entity notify the media content locafions,
transmission delivery type information, schedule information to MMT receiving entity.
10.4.11.2 Syntax
Syntax of th¢ MRI message is shown ih Table 53.
Table 53 — MRI message syntax
Syntax Value | No. of bits | Mnemonic
MRI messag¢ ( ) {
messag¢ id 16 uimsgbf
versio 8 uimsgbf
length 16 uimsbf
message payload{
number_of MMT package N1 8 uimsbf
for (i=0; 1i<N1l; 1i++ {
MMT package id {
MMT package _id_length N2 8 uimsbf
for (i=0; i<N2; i++) {
MMT package_id _byte 8 uimsbf
}
}
delivery type 4 uimsbf
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Table 53 (continued)

Syntax Value | No. of bits | Mnemonic
reserved 4 uimsbf
number of assets N3 8 uimsbf
for (i=0; i<N3; i++) {

asset_id()
location_count N4 8 uimsbf
for (i=0; 1i<N4; i++) {
mpu sequence start pumber 32 uimsbf
mpu_sequence_end_number 32 uimsbf

MMT general location_info()
valid_time start 64 uimsbf

valid time duration 64 uimsbf

}
consumption MMT sending entity address({
MMT general location_info()

}

10.4.11.3 Semantics
messdge id -indicates MRI message ID. The length of this field is 16 bits.

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

length -indicates the length-0f MRI messages. The length of this field is 16 bits. It indicates the length
of th¢ MRI message counted in bytes starting from the next field to the last byte of the MRI message.
The value ‘0’ shall not be used.

numbdr of MMT pacKage id - indicate the number of MMT_package.
MMT gackage id)->this field is a unique identifier of the Package that is being served.

MMT gackagenid length - thelength in bytes of the MMT package id string, excluding the|terminating
null gharacter.

MMT package 1id byte - a byte inthe MMT_package_id. When the MMT package id byte Is string, the
terminating null character is not included in the string.

delivery type - indicates type of MMT session of the MMT package delivery as shown in Table 54.

Table 54 — Value of delivery_type field

Value Description

0001 Broadcast delivery only

0010 Unicast delivery only

0011 Hybrid delivery
0100 ~ 1111 Reserved
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number of assets - provides the number of Assets in each MMT Package.

asset id -

identifier of Asset which is included in the current MMT package.

location count - providesthe 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
are delivered through multi-channels, not ‘1’ is set.

mpu_sequence_start number - indicates the first MPU sequence number of each location in an asset.

mpu_sequence_end number - indicates the last MPU sequence number of each location in an asset.

MMT generall
MMT general

valid time |
session.

valid time |
session.

consumption
receives mea
of MMT geneq

10.4.12Con

10.4.12.1

An MMT rec
or 3rd partyj
messages. A

[Tocation inTo = provides the tocatiom mformation of AssetSytax and Semnmart
| location_info are defined in subclause 10.6.1.

start - indicates a UTC time in NTP format corresponding to valid start time of

duration - indicates a UTC time in NTP format corresponding to valid)stop time of

| MMT sending entity address indicates the location of{MMT sending entity
surement results from each MMT receiving entity. The syntax.and semantics are the
al location_ info thatis defined in subclause 10.6.1.

sumption reporting (CR) message

General

eiving entity can send the consumption rgporting information to the MMT sending ¢
application MMT sending entity to provide the information of received MMTP by usi
h MMT receiving entity provides infermation in this message to allow the MMT se

entity to colint the number of MMT receiving.@ntities which receive specific media content’s M

packet. By U
means that
entity throu

10.4.12.2

Syntax of thg

sing the CR message, the MMT sending entity decides transmission access type ¥
MMT sending entity send the"MMTP packet of specific media content to MMT rece
bh the determined transmission access type.

Syntax

e CR message is,shown in Table 55.

Table 55 — CR message syntax

ics of

MMT

MMT

that
same

entity
hg CR
hding
[IMTP
vhich
iving

90

Syntax Value | No.ofbits | Mnempnic
CR_message| ()"
message i 16 timsbf
version uimsbf
length 16 uimsbf
message payload{
MMT package id {
MMT package _id_length N1 8 uimsbf
for (i=0; i<N1l; i++)
MMT package_id_byte 8 uimsbf
}
mobile information descriptor()
number_of assets N2 8 uimsbf
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Table 55 (continued)
Syntax Value | No.ofbits | Mnemonic
for (i=0; 1i<N2; i++){
asset_id()
mpu_timestamp descriptor()
delivery type 4 uimsbf
reserved 4 uimsbf
}
}
}
10.4.12.3 Semantics
messqge id - indicates CR message ID. The length of this field is 16 bits.

versi
mess

lengt
of the
valué

MMT g

MMT o
null g

MMT g
term

mobi ]
entity
mobi
assef
mpu_ 1
after
prese

deliy

on - indicates the version of CR messages. MMT receiving entity maycheck whether
hge is new or not. The length of this field is 8 bits.

h - indicates the length of CR messages. The length of thisTield is 16 bits. It indicat
MRI message counted in bytes starting from the next fieldto the last byte of the CR 1
‘0’ shall not be used.

ackage_id - this field is a unique identifier of the-package that MMT receiving entity

ackage_id length - thelength in bytes of the MMT package id string, excluding the
haracter.

ackage_id byte - a byte in the MMTxpackage_id. When the vMT package id byte
nating null character is not included.in the string.

e information descriptor () - ~contains information which is associated with M
y in case it is a mobile device."When MMT receiving entity is a cellular mobile device
e-specific attributes including MSISDN or Cell ID which are also defined in 3GPP.

_id - identifier of Assetas defined in 10.6.2 which is included in the current MMT p

imestamp descripter - provides presentation time of the first AU of MPU in preser
application of any offset such as the one provided by ‘elst’ box. When presentation
nts this descriptor shall be ignored.

ery tyge)- indicates type of MMT session of the MMT package delivery as shown in

Table 56 — Value of delivery_type field

the received

s the length
nessage. The

' received

terminating

s string, the

IT receiving
, it can have

hckage.
tation order

information

Table 56.

10.4.

10.4.

Value Description
0001 Broadcast delivery only
0010 Unicast delivery only
0011 Hybrid delivery
0100 ~ 1111 Reserved
13Distributed Resource Identification (DRI) message
13.1 General

DRI message contains the alternative media source location information for supporting the dynamic
media resource access control. When the media source location is dynamically allocated, MMT sending
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entity or MANE sends the DRI message to MMT receiving entity to inform the alternative media source
locations.

10.4.13.2 Syntax

Syntax of the DRI message is shown in Table 57.

Table 57 — DRI message syntax

Syntax Value Nl:)i.tgf Mnemonic
DRI messag¢ ( ) {
messag¢ id 16 uimsbf
versio. 8 uimgbf
length 16 uimgbf

messag¢ payload{

MMT package id {
MMT package id_length N1 8 uimgbf
for (i=0; i<N1; i++)

MMT package _id byte 8 uimgbf
}
nupber of assets N2 8 uimgbf
fof (i=0; i<N2; i++) |

asset_id()

packet_id 16 uimgbf
priority type 2 uimgbf
reserved 11 11171 6 uimgbf
valid time start 64 uimgbf
valid_time duration 64 uimgbf
if (priority type == QQ)A

primary media source location{
MMT general <location_info ()
delivery ,type ()

}

} elsei(priority type == 01) {
alternative media_ source_ location({

number of alternative N3 8 uimsbf

for(i=0; N3: J4+) {

alternative media source_ id 8 uimsbf
MMT general location_info()
delivery type 4 uimsbf
}
} elseif (priority type == 10) {
origin media source location {
MMT general location_info()

delivery type 4 uimsbf
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Table 57 (continued)

No. of

Value bits

Syntax

Mnemonic

10.4.

messg

13.3 Semantics

vers]
mess

lengt
of the
valué

MMT d

MMT g
null g

MMT {
term

numbd

assef
descr]
MPU5

packg

prioy

Table

ge id - indicates DRI message [N The ]pngfh of this field is 16 bits

on - indicates the version of DRI messages. MMT receiving entity may check whethér
hge is new or not. The length of this field is 8 bits.

h - indicates the length of DRI messages. The length of this field is 16 bits:It indicat
DRI message counted in bytes starting from the next field to the last byte'of the DRI
‘0’ shall not be used.

ackage_id - this field is a unique identifier of the Package thatis-being served.

ackage_id length - thelength in bytes of the MMT packagk )'d string, excluding the
haracter.

ackage_id byte - a byte in the MMT _package_id/When the muT package id_byte
nating null character is not included in the stringg

r of assets - provides the number of Assets:whose information is provided by MP

_id - indicates the asset_id of another Asset on which the dependent Asset associa
iptor depends. The order of the id-s provided in this descriptor is such that the cong
as defined in section 6.3 leads to a yalid MPU and follows the media dependency hier

t_id - provides the identifier of the MMTP session in the MMTP packet header

ity type - indicates the priority of media source location indicator. The four valueg
58. If the value is set to/00’, the MMT receiving entity can receive media source from

medi

h source location.

Table 58 — Values of priority_type

the received

bs the length
nessage. The

terminating

s string, the

table.

ted with this

atenation of
archy.

are listed in
the primary

Value Description
‘00’ Primary media source location
‘01 Alternative media source location
10 Origin media source location
17 Reserved
valid time start - indicates a UTC time in NTP format corresponding to transmission session valid
start time.

valid time duration - indicates a UTC time in NTP format corresponding to transmission session

valid

stop time.

primary media source location - provides the information of the media source location and delivery
type that the MMT receiving entity can get the Asset from the primary media source location.

alternative media source location - provides the information of the media source location and
delivery type that the MMT receiving entity can get the Asset from the alternative media source
location.
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Number of alternative - provides the number of alternative m edia source 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 are delivered through multi-channels, not ‘1’ is set.

number of alternative - provides the number of alternative media source location.
alternative media source id - indicates a unique identifier of the alternative media sources

origin media source location - provides the information of the media source location and delivery
type that the MMT receiving entity can get the Asset from the origin media source location.

MMT general location info - provides the location information of Asset. General location reference
information ffor Asset defined in 10.6.1 is used. Only the value of 1ocation type between 0x00 and|0x06
shall be use( for an Asset location.

delivery typpe - indicates type of transmission access channel of media content delivery as shovn in
Table 59.

Table 59 — Value of delivery_type field

Value Description

0001 Broadcast delivery only

0010 Unicast delivery ofly

0011 Hybrid delivery
100 ~ 1111 Reservéed

10.4.14 Distfributed Signaling Information (DSI) message

10.4.14.1 General

DSI message|contains the alternative media signaling information locations for supporting the dygamic
media resoufrce access control. When the media'source delivery characteristic is dynamically ch:;tlged,
MMT sending entity or MANE sends the DSImessage to MMT receiving entity to inform the alternative
media signaling locations.

10.4.14.2 Syntax

Syntax of th¢ DSI message is.shown in Table 60.

Table 60 — DSI message syntax

Syntax Value Nl;)i.tgf nl\:l([fi-c
DSI messag¢ M {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload{
MMT package id {
MMT package _id_length N1 8 uimsbf
for (i=0; 1i<N1; 1i++)
MMT package_id byte
}
number _of mmt_signaling N2 8 uimsbf
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Table 60 (continued)
Syntax Value Nl:)i.t:f nl\:l(:l:i-c
for (i=0; 1i<N2; i++) {

message_id()
priority type 2 uimsbf
reserved 11 11117 6 uimsbf
valid_time start 64 uimsbf
valid_time duration 64 | uimsbf

if (priority type == 00) {
primary signaling location {
MMT general location_info()
delivery type
}
}
elseif (priority type == 01){
alternative signaling location {
number of alternative N3 8 uimsbf
for (i=0; N3; i++) {
alternative MMT sending entity dd 8 uimsbf
MMT general location_info()
delivery type 4 uimsbf
}

}
elseif (priority type == 10) {
origin signaling location ({
MMT general location_info()
access_type ()

}

10.4.14.3 Semantics

message_id - indicates DSI message ID. The length of this field is 16 bits.

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

MMT package id - this field is a unique identifier of the Package that is being served.

MMT package id length - thelength in bytes of the MMT package id string, excluding the terminating
null character.
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MMT package id byte - a byte in the MMT_package_id. When the MMT package id byte is string, the

terminating

null character is not included in the string.

number of mmt signaling - provides the number of signaling message referenced by DSI message.

priority type - indicates the priority of media source location indicator. The four values are listed in
Table 61. If the value is set to ‘00’, the MMT receiving entity can receive media source from the primary
media source location.

Table 61 — Values of priority_type

Value nncr‘ripfinn
‘00 Primary media source location
‘01 Alternative media source location
10’ Origin media source location
171 Reserved

valid time |
signaling me

valid time |
the signaling

message id
primary sig
delivery typ

signaling log

alternative
delivery typ
signaling log

Number of 4

origin sign

type that the MMT receiving entity_¢an get the signaling message from the origin media sign

location.

MMT generall
information
shall be used

start indicates a UTC time in NTP format corresponding to ¥ald start time
ssage transmission session.

duration - indicates a UTC time in NTP format corresponding to valid time durat
I message transmission session.

- indicates the message ID. The length of this field is 16)bits

naling location
e that the MMT receiving entity can get the signaling message from the primary 1
ation.

| signaling location - provides theififormation of the signaling message locatio
e that the MMT receiving entity can get the signaling message from the alternative 1
ation.

lternative - provides the number of alternative media signaling locations.

aling location - provides’the information of the signaling message location and de

| location infe ;~¢ provides the location information of Asset. General location refe
for Asset defined in 10.6.1 is used. Only the value of 10cation type between 0x00 and
for an Assetlocation.

f the

on of

provides the informatignhof the signaling message locationn and

nedia
h and
nedia
ivery

aling

rence
0x06

wn in

delivery typpe - <dndicates type of transmission access channel of media content delivery as sho
Table 62.
Table 62 — Value of delivery_type field

Value Description

0001 Broadcast delivery only

0010 Unicast delivery only

0011 Hybrid delivery

0100 ~ 1111 Reserved
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10.4.15.1 General

ISO/IEC 23008-1:2023(E)

In order to support adaptive streaming in a mobile network, its available bandwidth should be
monitored. BPQ (Bandwidth Probing reQuest) message is defined to provide a mechanism for probing
the available bandwidth in mobile networks. BPQ message informs an MMT MMT receiving entity that
a probing event will be happen and contains a configuration information for the probing event.

10.4.15.2  Syntax

The gyntax for the proposed BPQ is shown in Table 63.

Table 63 — BPQ Message Syntax

© ISO/IEC 2023 - All rights reserved

Values | No.
Syntax of | Mnemonic
bits
BPQ message () {
mejssage_id 16 uimsbf
version 8 uimsbf
lepgth 16 uimsbf
megsage payload {
T package id_flag 1 bslbf
I_id flag 1 bslbf
porting MMT sending entity location_ flag 1 bslbf
served ‘11111 5
iff (MMT package id flag) {
MMT package id {
MMT package id length N1 8 uimsbf
for (1=0;1i<NI1;i++NH
MMT package id _byté 8 uimsbf
}
}
}
1f (CLI_id-ftag) {
CLI id 8 uimsbf
}
reperting MMT sending entity location {
MMT general location_info() var
}
probing packet location {
MMT general location_info() var
}
probing start time 32 uimsbf
probing slot duration 16 uimsbf
probing slot_interval 16 uimsbf
probing_slot_number 4 uimsbf
reserved ‘11171 4
}
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Table 63 (continued)

No.
of
bits

Values

Syntax Mnem

onic

10.4.15.3

Semantics

MMT package id flag - indicates whether MuT package idis present or not. When this flagis set to ‘1,
MMT _package_id shall be present. When this flag is set to ‘0’, MMT package id shall not be present.

CLI id flag
present. Wh

reporting M
location is
be present. |

MMT package]
package id |

MMT package
null charactg

MMT package

CLI id - af
among the u

reporting M
sending enti

Only the valyie of location_type between “0x05” aind “0x06” shall be used for an location of the repq

MMT sendin

entity locd

probing pad
and semanti
used for anl

probing stal
the “short-fo
same as the

probing slg

- indicates whether cLI id is present or not. When this flag is set to ‘1’, cL1_idfSh
bn this flag is set to ‘0°, cL1_id shall not be present.

MT sending entity location flag - indicatesVvhetherreportingiMMTisendingien
bresent or not. When this flag is set to ‘1’, reporting MMT sending entity)location
Vhen this flag is set to ‘0’, reporting MMT sending entity locationshal notbe pre

| id - a unique identifier of the Package. It shall be present only when the value of
flagissetto 1.

| id length - thelength in bytes of the MMT package id string, excluding the termin
Y.

| id byte - abyteinthe MMT package id.

hderlying network. It shall be present only whehn the value of cL1_id filagissetto 1.

MT sending entity location - provides the location information of a reporting
L'y where the probing result has to be reported. Its syntax and semantics are given in 1

g entity for probing. It shall be present only when the value of reporting MMT sen
tion flag issetto 1.

ket location - providesthe location information of MMTP packets for probing. Its s
cs are given in 10.6.1. Only the values of location_type between “0x00” and “0x02” sh
bcation of MMTP packets for probing.

rt time - indicates the starting time of a probing event. This field shall be formatt
rmat” defined.in”lETF RFC 5905, NTP version 4, Clause 6. The value of this field shall §
yalue of thetimestamp field in the MMTP header of the first probing packet.

t duretion - indicates the duration of a probing slot consisting a probing event sig

by this mesg

have the same duration and interval.

age inunits of milliseconds. A probing event is a group of one or more probing slots ¥

a1l be

ity
shall
sent.

MMT

ating

arbitrary integer number to identify NAM which will be used to transmit probing packets

MMT
0.6.1.
rting
ding

yntax
all be

ed as
e the

naled
wvhich

probing slo

t interval - indicates the interval between probing slots in units of milliseconds.

probing slot number - indicates one less than the number of probing slots consisting a probing event
signaled by this message minus 1. A value 0 indicates that the probing event has only one probing slots,
A value 1 indicates that it has two probing slots, etc.

10.4.16 Bandwidth Probing Response (BPR) message

10.4.16.1

General

In order to support adaptive streaming in a mobile network, its available bandwidth should be
monitored. BPR (Bandwidth Probing Response) message is defined to provide a mechanism for probing
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the available bandwidth in mobile networks. BPR message contains a measurement result of a probing
event and information on the MMT receiving entity.

10.4.16.2 Syntax

The syntax for the BPR message is shown in Table 64.

Table 64 — BPR Message Syntax

Syntax Values | No. of bits | Mnemonic
BPQ message () {
mefssage_id 16 uimsbf
version 8 uimsbf
lepgth 16 uimsbf
mepsage payload {
T package_id_flag 1 bslbf
I _id flag 1 bslbf
bile info descriptor flag 1 bslbf
served ‘111171 5
iff (MMT package_id flag) {
MMT package id {
MMT package id length N1 8 uimsbf
for (i=0;i<N1;i++) {
MMT package id _byte 8 uimsbf
}
}
}
if (CLI_id flag) {
CLI id 8 uimsbf
}
iff (Mobile info descriptor flag) {
Mobile info descriptor() var
}
average rate 32 uimsbf
ak_rate 32 uimsbf
cket_loss ratio 8 uimsbf
}
}

10.4.16.3 Semantics

MMT package id flag - indicates whether MvT package idis present or not. When this flag is set to ‘1,
MMT_package_id shall be present. When this flag is set to ‘0’, MMT package id shall not be present.

CLI id flag - indicates whether cL1 id is present or not. When this flag is set to ‘1’, cLt_id shall be
present. When this flag is set to ‘0’, c.1_id shall not be present.

Mobile info descriptor flag - indicates whether Mobile info descriptor () is present or not.
When this flag is set to ‘1’, Mobile info descriptor() shall be present. When this flag is set to ‘0’,
Mobile info descriptor () shall notbe present.

MMT package id - a unique identifier of the Package. It shall be present only when the value of mvT
package id flagissetto 1.
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MMT package id length - thelength in bytes of the MMT package id string, excluding the terminating
null character.

MMT package

_id byte - abyteintheMMT package id.

CLI_id - an arbitrary integer number to identify NAM for the probing event reported by this message
among the underlying network. It shall be present only when the value of ct1_id f1agissetto 1.

Mobile info descriptor() - contains information which is associated with an MMT receiving entity
in a mobile network. Its syntax and semantics are given in 10.5.7. [t shall be present only when the value
of Mobile info descriptor flagissetto 1.

average ratf - Indicates the average bitrate of received MMTP packets measured during a prpbing
event in unifs of kilobits per second. The value of this field is the average of the bitrate of each)prpbing
slot and the|bitrate of each probing slot is calculated by dividing the total number of bits-in MMTP
packets received during the probing slot by the duration of it.
peak_rate - indicates the peack bitrate in a probing event in units of kilobits per sécond. The vajue of
this field shdll be set to as the maximum value over all bitrates for each probing slot;
packet losg ratio - indicates the ratio between the number of lost MMTP packets and the|total
number of tfansmitted packets within the probing event. The value of this.fiéld shall be calculated by
taking the irfteger part after multiplying the loss fraction by 256.
10.4.17Pacing Buffer Removal Rate (PRR) message
104.17.1 General
The Pacing Buffer Removal Message provides information-on the drain rate of the MMTP pacing buffer.
This message shall be signaled when the MMTP pacing buffer is used. If this message is signalefl, the
MMT receiving entity shall deliver the MMTP packéts in the MMTP pacing buffer to the FEC decpding
buffer in the MMTP HRBM at the rate specified ig-this message.
10.4.17.2 Syntax
The syntax fpr the PRR message is shown in Table 65.
Table 65 — PRR Message Syntax
Syntax Values No. of bits | Mnemponic

Pacing Buffer Removalt-Rate ( ) {

message| id 16 uimsbf

version 8 uimgbf

length 16 uimsbf

message payload {

pacing buffer removal rate 32 uimsbf
}
reserved ‘1111 1111 8 uimsbf
}

10.4.17.3 Semantics

message id

- indicates the identifier of the Pacing Buffer Removal Rate message.

version - version of the Pacing Buffer Removal Rate messages. An MMT receiving entity can use this
field to check the version of the received Pacing Buffer Removal Rate message.

100
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length -length of the Pacing Buffer Removal Rate messages in bytes, counting from the first byte of the
next field to the last byte of the Pacing Buffer Removal Rate message. The value ‘0’ is not valid for this
field.

pacing buffer removal rate - provides the rate to deliver the MMTP packets from the MMTP pacing
buffer to the FEC decoding buffer in bits per seconds.

10.4.18Pacing Buffer Status Feedback (PSF) message

10.4.18.1 General

MMTJP pacing buffer are decided by an MMT receiving entity, an MMT receiving entity, shall send the
pacing buffer status feedback messages when requested by the MMT sending entityMMT sg¢dning entity
and 3t the frequency requested by the MMT sedning entityMMT sending entity, An MNIT receiving
entity needs to keep track of the status of the MMTP pacing buffer level and déc¢ides the tfime for each
MMTJP packets to be sent to control the amount of excessive data stored at the- MM TP pacing buffer.

As t}'lF size of the MMTP pacing buffer and the amount of time for each MMTP packets are ftored in the

NOTH The frequency is provided as part of the MC message.

10.4.18.2 Syntax

The gyntax for the PSF message is shown in Table 66.

Table 66 — Syntax for-PSF message

Syntax Values No. of bits | Mnemonic
PBF message ( ) {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload {
num_sub_flows N 8 uimsbf
for (1=0;i<N;i++) {
packet vid 16 uimsbf
current pacing buffer level 32 uimsbf
target pacing buffer level 32 uimsbf
last_received 32 uimsbf
pacing buffer free_ space 32 uimsbf

10.4.18.3 Semantics
message id - identifier of the PSF message. The length of this field is 16 bits.

version - version of the PSF message. The receiver can use this field to check the version of a received
message. The length of this field is 8 bits.

length -length of the PSF message in bytes, counting from the first byte of next field to the last byte of
the PSF message. The length of this field is 16 bits and the value ‘0’ is not valid for this field.

current pacing buffer level - informs an MMT sending entity about the amount of the MMTP
packets currently buffered in the MMTP pacing buffer in bytes.
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target pacing buffer level - informs an MMT sending entity about the target amount of MMTP
packets buffered in the MMTP pacing buffer in bytes. An MMTP sending entity shall adjust the
bandwidth allocated to the delivery of MMTP packets to meet this level

last _received - informs the MMT sending entity about the last received MMTP packet sequence
number for this particular MMTP sub-flow.

pacing buffer free space - informs an MMT sending entity about the amount of the available free
space of the MMTP pacing buffer in bytes.

10.4.19Cell congestion information messages

10.4.19.1 General

An CCI signglling message delivers the information of network status which is measured' by MANE or
inter-network entities between the MMT sending entity and the MMT receiving entity)An CCI megsage
contains the|identification information of network entities and its related network-status infornjation
which uses to provide the media aware delivery fuctions to avoid the media g@ality degradatipn by
MMT sendinig entity. This information can be used by the MANE for QoS-managed delivery of Asspts to
report the MMT sending entity. Annex | provies an example use case this message can be used.

10.4.19.2 Syntax

The syntax fpr CCI message is shown in Table 67.

Table 67 — CCI message.syntax

Syntax Values | No.ofbits | Mnemjpnic
CCI messag¢ () {
message id 16 uimsbf
versioh 8 uimsbf
length 16 uimsbf
messag¢ payload{
nupberOflist N1 8 uimgbf

for (1i=0;i<NI1;i++) {

mobile info descriptor()

levelOfnetwotkstatus 4 uimsbf
reserved ‘1111 4 uimgbf
}
reportingTime 32 uimsbf
vajidDuration 32 uimgbf

10.4.19.3 Semantics
message_id - indicates the identifier of the CCI message.

version - version of the CCI messages. An MMT sending entity can use this field to check the version of
the received CCI message.

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

numberOflist - specifies the number of list contained in mobile info descriptor. This field shall not
be set to ‘0.
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mobile info descriptor — indicates a descriptor defined in 10.5.7.

levelOfnetworkstatus - indicates the level of the network status which classifies the conditions of the
underlying network in MANE.

reportingTime - iS reporting time of current network status which is based on NTP timestamp. The
reportingTime is expressed in milliseconds.

validburation - indicates the valid period of this reporting information from the reportingTime in
milliseconds. The value of this parameter within this CCI message is vaild until this duration.

10.4.20MMT Transition Request (MTR) message

10.4.20.1 General

An MMT receiving entity shall send an MMT transition request message to MMT sending|entity when
it wapts to change the delivery path of a Package. The MTR message provides-identifiers of both the
original delivery path and new delivery path. The MTR message defines the-transition tiine using the
information about the last MMTP packet, and the las MPU received by the MMT receiving entity. The
information about the last sample can be used to indicate more precisely. The MMT sending entity shall
send [the Package through the original delivery path until the transition time, and after the transition
time,|it shall continue sending the Package through the new delivery path.

10.4.20.2 Syntax

The gyntax for the MMT Transition Request message is'shown in Table 68.

Table 68 — Syntax for MTR Message

Syntax Value NI;)i.t(s)f Mnemonic
MTR essage () {
message_id 16 uimsbf
veEsion 8 uimsbf
lepgth 16 uimsbf
megsage payload{
Ip version 2 bslbf
rpserved 11 11171 6 bslbf
iff (IP vernspen == 00) {
brigin, address 32 uimsbf
transition_ address 32 uimsbf
}
else 1if (IP version== 01) {
origin address 128 uimsbf
transition_ address 128 uimsbf
}
origin port number 16 uimsbf
transition port number 16 uimsbf
MMT package id {
MMT package id_length N1 8 uimsbf
for (i=0; 1i<N1; i++) {
MMT package_id_byte 8 uimsbf
}
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Table 68 (continued)
Syntax Value Nt:)i.t(s)f Mnemonic
}
number_ of assets N2 8 uimsbf
for (i=0; 1i<N2; i++) {
asset_id()
packet_id 16 uimsbf
packet_sequence number 32 uimsbf
mpu_sefuence number 32 uimjbf
mpu_présentation_time 64 uimsbf
sample| flag 1 bslhf
if (safple flag == 1) {
movie fragment sequence number 32 uimgbf
sample number 32 uimjbf
}
}
}
}

10.4.20.3 Semantics
message_id |- indicates MTR message ID. The length of this field is 16 bits.

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

length - indicates the length of the messagesin bytes, counting from the beginning of the next field to
the last byte|of the MTR message. The value:“0” shall not be used for this field.

1P _version |- indicates version of IP-address of delivery path. The values of 1p_verison are defirned in
Table 69.

Table 69 — Value of IP_version field

Value Description
00 [Pv4
01 IPve
10 ~11 Reserved

origin_ address - indicates destination IP address of original delivery path.

NOTE The IP address of origin is used for identifying each MMT receiving entity. Therefore, it has to be the
public IP address in case of NAT, so the MMT sending entity or MANE need not to know the private IP address of
the network has.

transition address - indicates destination [P address of new delivery path for this MMT transition.
NOTE The IP address of transition is used for identifying each MMT receiving entity. Therefore, it has to be
the public IP address in case of NAT, so the MMT sending entity or MANE need not to know the private IP address
of the network has.

origin port number - indicates destination port number of the original delivery path.

transition port number - indicates destination port number of the new delivery path.
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MMT package id - provides identifier of the Package that is being served.

MMT package id length - the length in bytes of the MMT package id string, excluding the terminating

null c

haracter.

MMT package id byte - a byte in the MMT package id. When the MMT package id byte is string, the
terminating null character is not included in the string.

number of assets - indicates the number of Assets included in the Package.

asset_id - provides identifier of the Asset.

pack

packg
recei

mpu_{
entity
deliv
then
the o

mpu_{
numh

samp ]}

movig

Tt 1Ta = provides identifier of the packet whichrbetongstoeachr Asset:

t sequence number - indicates the sequence number of the last packet received
/ing entity through the original delivery path.

equence number - indicates the sequence number of the last MPUreceivedby the MI
F through the original delivery path. From the next MPU, the MMT\sending entit
ering through the new delivery path. If a transition is needed in the middle of deliv
this field shall indicate the sequence number of the previous MPU, which was delive
riginal delivery path.

resentation time - indicates the presentation time of’thé MPU indicated by mp
er in 64 bit NTP time stamp format.

e flag -indicates the existence of sample numbez.

fragment sequence number - indicatesthe sequence number of the movie fragment

samplle indicated by sample number belongs (seedSO/IEC 14496-12:2022, 8.8.5).

samp]
throy

10.4.

10.4.

An M
when

e number - indicates the sample numherof the last sample received by the MMT rec
gh the original delivery path (see ISOAEC 14496-12:2022, 8.8.8).

21MMT Transition Notification (MTN) message

21.1 General

MT sending entity shall send an MMT transition notification message to MMT rec
it wants to change'the delivery path of a Package. The MTN message provides ident

the original delivery path and new delivery path. If the MMT transition was requested

mess
path

confi
deliv
want

hge, then the MTN message shall be sent as a response of the request, containing the s
identifiers’and media information (e.g. Package, Assets, packet, sample related inf
Fmation( The MTN message defines the transition time using the delivery starting tin
ery pdth'and the delivery end time of the original delivery path. When the MMT se
5 t0-hand over the responsibility of providing the transition time to another MMT se

by the MMT

T receiving
y shall start
ery an MPU,
red through

u_sequence_

to which the

eiving entity

piving entity
fiers of both

by an MTR
hme delivery
rmation) as
le of the new
nding entity
nding entity,

the M

TN'message shall contain the location information of the new MMT sending entity

10.4.21.2

The s

Syntax

yntax for the MMT Transition Notification message is shown in Table 70.

Table 70 — Syntax for MTN Message

No.
Syntax Value of | Mnemonic
bits
MTN message () {
message_id 16 uimsbf
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Table 70 (continued)
No.
Syntax Value of | Mnemonic
bits
version 8 uimsbf
length 16 uimsbf
message payload{
transition request_ flag 1 bslbf
reserved ‘111 1111 7 bslbf
if (trafsition request flag == 1) {
IP vergion 2 bslbf
reserved ‘111111 6 bSlIf
if (IP|version == 00) {
origifi address 32 uimsbf
transjtion address 32 uimsbf
}
else if (IP version == 01) ({
origif address 128 uimgbf
transjtion address 128 uimgbf
}
origin|port number 16 uimgbf
transition port number 16 uimgbf
transition start_time 32 uimsbf
origin|end time 32 uimsbf
}
else if| (transition request flag == Q)\“{
IP vergion 2 bslbf
reserved ‘111111 6 bSlIf
if (IP|version == 00) {
origif address 32 uimsbf
transjtion_ address 32 uimgbf
}
else if (IP_ver§ion == 01) {
origif address 128 uimsbf
transjtion ) address 128 uimsbf
}
origin port number 16 uimsbf
transition port number 16 uimsbf
transition_scheduled flag 1 bslbf
reserved ‘111 1111 7 bslbf
if (transition scheduled flag == 0) {
MMT general location_info ()
}
else if (transition scheduled flag == 1) {
transition start time 32 uimsbf
origin end_time 32 uimsbf
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Table 70 (continued)
No.
Syntax Value of | Mnemonic
bits
}
}
MMT package id {
MMT package id_length N1 8 uimsbf
for (i=0; i<N1l; i++) |
MMT package_id byte 8 uimsbf
}
}
number_of _assets N2 8 uimsbf
fbr (i=0; i<N2; i++) {
psset_id()
packet id 16 uimsbf
packet sequence number 32 uimsbf
pu_sequence_number 32 uimsbf
[:pu_presentation_time 64 uimsbf
reserved ‘1111 111’ 7 bslbf
lsample flag 1 bslbf
i f (sample flag == 1) {
movie fragment sequence_ number 32 uimsbf
sample_number 32 uimsbf
}
}
}
}
10.4.21.3 Semantics
messqge id - indicatesMTN message ID. The length of this field is 16 bits.
versjon - indicates the version of MTN messages. MMT receiving entity may check whethefr the version
of thq receivedimessage is new or not. The length of this field is 8 bits.
lengih ~(indicates the length of the messages in bytes, counting from the beginning of the next field to
the 19sthyte of the MTN message. The value “0” shall not be used for this field.

transition request flag - indicates whether this MMT transition is requested by MMT receiving
entity or not. If this flag is set to ‘0’, this MMT transition is not requested by MMT receiving entity. If
this flag is set to ‘1’, this MMT transition is requested by MMT receiving entity.

1P version - indicates version of IP address of delivery path. The values of IP_version are defined in
Table 69.

origin_ address - indicates destination IP address of original delivery path.
NOTE The IP address of origin is used for identifying each MMT receiving entity. Therefore, it has to be the

public IP address in case of NAT, so the MMT sending entity or MANE need not to know the private IP address of
the network has.
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transition address - indicates destination IP address of new delivery path for this MMT transition.
NOTE The IP address of transition is used for identifying each MMT receiving entity. Therefore, it has to be
the public IP address in case of NAT, so the MMT sending entity or MANE need not to know the private IP address
of the network has.

origin port number - indicates destination port number of the original delivery path.

transition port number - indicates destination port number of the new delivery path.

transition start time - indicates the time instance at which the Package delivery starts through
the new delivery path, based on UTC. The format is the “short-format” as defined in clause 6 of IETF

RFC5905, N

origin end |
delivery pat
NTP version

transition |

FPversion4-

time - indicates the time instance at which the Package delivery ends in the 'or
n, based on UTC. The format is the “short-format” as defined in clause 6 of IETF RFC
4.

scheduled flag - indicates whether this MMT sending entity has.the MMT tran

schedule. If fhis flag is set to ‘0’, additional information can be provided by MuMT ddneral location

to access to
by MMT sen

MMT generall
MMT package

MMT package
null charactg

MMT package
terminating

number of 4
asset id — ]
packet id -

packet sequ
receiving en

mpu_sequena

the transition schedule. If this flag set to ‘1’, schedule of MMT trdnsition shall be pro
ling entity in this MTN message.

| location_info - provides the location where to access toAransition schedule.
| id - provides identifier of the Package that is being sérved.

| id length - the length in bytes of the MMT pagkage id string, excluding the termin
BT,

| id byte — a byte in the MMT package idy When the MMT package id byte is strin
null character is not included in the string.

ssets - indicates the number of Assets included in the Package.
provides identifier of the Asset.
provides identifier of the;pgacket which belongs to each Asset.

ence number - indjcates the sequence number of the last packet received by the
Lity through the original delivery path.

e number - indicates the sequence number of the last MPU received by the MMT rece

entity through the original delivery path. From the next MPU, the MMT sending entity shall

delivering t}
then this fie
the original

rough the{new delivery path. If a transition is needed in the middle of delivery an
d shall\indicate the sequence number of the previous MPU which was delivered thi
Helivery path.

MNMPLL

ginal
6905,

sition
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vided

ating
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MMT

iving
start
MPU,
ough

mpu_present
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number in 64 bit NTP time stamp format.

sample flag - indicates the existence of sample_number.

nce_

movie fragment sequence number —indicates the sequence number of the movie fragment to which the
sample indicated by sample_number belongs (see ISO/IEC 14496-12:2022, 8.8.5).

sample number - indicates the sample number of the last sample received by the MMT receiving entity

through the
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original delivery path (see ISO/IEC 14496-12:2022, 8.8.8).
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10.4.22 Asset Change Request (ACR) message

10.4.22.1 General

An MMT sending entity shall send the Asset change request (ACR) message while delivering a Package,
when it signals an Asset change event, such as splicing with ‘replacement’ or ‘insertion’, and other types
of Asset change. The ACR message is sent to MANE (Media Aware Network Element) with descriptions
of the target Assets to be changed, time information for changes, and location information of media
data as the designated Assets which will be applied in the change of target Assets.

When MANE receives the ACR message, MANE shall update MP Table in PA message with corresponding

data pfthe ACR mMessage. The updated PA Message shatt be sent to MM T Tecetving engity with the
changed Assets.
10.4.22.2 Syntax
The gyntax for the Asset Change Request message is shown in Table 71.
Table 71 — Syntax for ACR Message
No.
Syntax Value of || Mnemonic
bits
ACR message () {
mejssage id 16 uimsbf
velrsion 8 uimsbf
lepgth 16 uimsbf
mepsage payload{
thrget MMT package id {
MMT package id_length N1 8 uimsbf
for (i=0; i<N1; i++) {
MMT package_id _byte 8 uimsbf
}
}

FEC_Clean_Type 8 uimsbf
number_of_assets N2 8 uimsbf
fpr (i=0; 1&Ngy i++) |

target asset_id()
target_asset_type 32 char
duration 32 uimsbf
change_type 8 uimsbf
change_indicate_mode 8 uimsbf
if (change indicate mode == 0x01) {

UTC_timestamp 32 uimsbf
}
else if (change indicate mode == 0x02) {

mpu_sequence _number 32 uimsbf
}
else if (change indicate mode == 0x03) {

mpu_timestamp descriptor()
}
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Table 71 (continued)
No.
Syntax Value of | Mnemonic
bits
designated MMT general location_info()
}
reserved ‘1111 111 7 bslbf
private_extension flag 1 bslbf
if (private extension flag == 1) {
privat¢ extension )
}
}
}
10.4.22.3 Semantics

message id

version - iIf
of the receiv

length -ing
the last byte

target MMT |

MMT package|

MMT package|

- indicates the message ID. The length of this field is 16 bits.

dicates the version of the messages. MMT receiving entity. mdy check whether the ve
ed message is new or not. The length of this field is 8 bits:

icates the length of the messages in bytes, counting’from the beginning of the next fi
of the ACR message. The value “0” shall not be uséd)for this field.

package id - provides identifier of target Package to be changed.
id length - thelength in bytes of the tdéget MMT package id.

id byte - abyteinthetarget_MMT_package_id

rsion

bld to

FEC Clean Type - When set to 0, it indicates the AL-FEC processing is needed when performing the
Asset changp with this message. Otherwisg, it indicates the AL-FEC processing is not needed when
performing fhe Asset change with this message. The valid value of FEC Clean Type is as listed in
Table 72. A dhange point is defined dsthe point before or after a relevant Asset. A change-in (or splice-
in) point is defined as the change point before the first relevant Asset and a change-out (or splic¢-out)
point is defimed as the change point after the last relevant Asset.
Table 72 — value of FEC_Clean_Type
Type Description
0x00 AL"FEC source blocks may cross the change point boundaries. The AL-FEC decoding anfl
re-encoding shall be performed when performing the Asset change with this message.
0x01 AL EEC source ]r\]nr‘l!c r‘n notecross fhu t‘hangn point ]f\nunr]c\vn:c r\Ffl’\a fqvgnf Asset. T]n AL-
FEC decoding and re-encoding is not needed when performing the Asset change with this
message.
0x02 AL_FEC source blocks do not cross the change point boundaries of both the target Asset and
the designated Asset. The AL-FEC decoding and re-encoding is not needed when performing
the Asset change with this message.
others Reserved

Note

equal to 2 may be used for the Asset change type of replacement.

number of a

target asse

110

ssets - indicates the number of target Assets to be changed.

t_id - provides identifier of the Asset which to be changed.

FEC Clean Type equal to 1 may be used for the Asset change type of insertion. FEC Clean Type
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target asset type - provides the type of the Asset to be changed.

duration - indicates the change time duration in milliseconds starting at the time which is specified
in the change indicate mode field. Note, accurate duration may depend on the designated Assets

structure.

change type - indicates the type of media change on the target Asset which is indicated by target
asset_id. The target Asset shall be changed with designated Asset, in the way of which this field
describes. The designated Asset is located in designated MMT general location_info. Valid values for

this field are described in Table 73.

Fabte73—valueof changetype————
Type Description
0x00 Reserved
0x01 Replacement - Replace the target Asset with the designated ASsgt.
0x02 Insertion - Insert before the target Asset with the designatedAsset.
0x03 Overlay - Overlay the designated Asset on the target Asset
0x04~0xFF |Reserved

For a|splicing event, a splice point is namely a change point in whi¢h the media data after
decodled correctly with a clean presentation quality. Generally, asplicing event is to concaf
MMT|system level two different MMT Assets and the resulting MMT packages are confo
MMT|standard.

In the case of 0x01, the splice-in point and the splice-out point usually are different. Th
Assetfl after the splice-in point and the Asset after, the'splice-out point shall be a random acqg
splicing. In the case of 0x2, the splice-in point and the splice-out point usually are the sam
Assefl after the splice-in point shall be a randoi access point for splicing.

A sending entity shall ensure a random access property of the target Assets and for a spli
shall|correspond the parameter fields-in this message correctly with the Assets relating
pointls. A MANE shall perform the relevant Asset change in terms of the ACR message by
closept splice point for the splice event,

that shall be
enate on the
‘mant to the

e first target
ess point for
e. The target

ring event, it
to the splice
locating the

In the case of 0x03, a MANE shall align with the change-in point and change-out point for thle designated

Assefs in the overlay proeessing. The spatial location of the designated Assets on the dif
provided by PI documentsuch as MPEG Composition Information specified in part 11 of t
or Lafout Configuration Table as defined in sub-clause 10.3.12. The MMT sending entity s
that the MMT receiving entities are capable to process the designated Asset additionally fo
procgssing. A rééeiving entity may ignore and discard the designated Assets if it is not cap

chande ipdicate mode - defines how to indicate the time at which the media change h4
valugs for-this field is described in Table 74.

play may be

ould ensure
the overlay
hble to do so.

{is standard,

ppens. Valid

Table 74 — value of change_indicate_mode

Type Description

0x00 Reserved

0x01 Change at the time which is based on UTC time.

0x02 Change at the time which is based on mpu_sequence_number

0x03 Change at the time which is based on MPU_timestamp_descriptor
0x04~0xFF |Reserved

UTC timestamp - indicates a UTC time in NTP format corresponding to the time at which the media

change happens. The field is the 32 bits MSB from the full resolution NTP timestamp.
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mpu_sequence number - indicates the sequence number of the first MPU to be changed in this target
Asset indicated by target asset id. The media change starts from this MPU during the time which is
indicated by the duration.

mpu_timestamp descriptor - provides presentation time of the first AU of MPU to be changed in this
target Assetindicated by target asset id. The media change starts from this presentation time during
the time which is indicated by the duration.

designated MMT general location_ info - provides the location of designated Asset to be used in this
media change. A MANE receiving the ACR message may decide to provide its own location information
for the designated Asset when performing Asset change with this message.

private extlension flag - indicates whether a private extension is present. If this flag is set to-l’, the
private extension is present.

private extlension - is a syntax element group serving as a container for proprietary or dpplication-
specific extensions.

10.4.23 CMAF Presentation Description (CPD) Messages

10.4.23.1

The CPD me
shall be used

10.4.23.2

General

for mapping of CMAF content to MPU.

Syntax

ssage conveys information about the Presentation to the-MMT receiving entity. An

=)
D
o
—

The CPD Megsage syntax is shown in Table 75.

Table 75 — Syntax for CPD Message

Values No.
Syntax of | Mnempnic
bits
CPD messag¢ ( ) {
message id 16 uimgbf
versiof 8 uimgbf
length 16 uimgbf
payload {
presentatiofi) count N1 8 uimgbf
fof (i=0aANLAN1;i++) {
sefection set_count N2 8 uimgbf
for| (94%0; j<N2; J++) {
switching set count N3 8 uimsbf

for (k=0 ; k<N3;k++) {
track_count N4 8 uimsbf
for (1=0;1<N4;1++) {
packet_id 16 uimsbf
bandwidth _requirement 32 uimsbf

}
mime_type ()

}
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Table 75 (continued)

Values No.
Syntax of | Mnemonic
bits
}
}
}
10.4.23.3 Semantics
messqge id - indicates the identification of the Mapping message. The length of this field |s 16 bits.

vers]

lengt
field

presg
sessi
bits.

seled

bits.

swit

8 bitd.

trac
set. T|

packs
MPU.

bandy
unit ¢

mime |
If the
highd

10.4.

10.4.

on - indicates the version of the Mapping message. The length of this field is 8)bits.

h - indicates the length of the Mapping message in bytes, counting from the beginnir
o the last byte of the Mapping message. The length of this field is 32 bits:

ntation count — indicates the number of CMAF presentations that will be served ajf
bn. The list of presentations may be updated dynamically in the case of live sessions. ]

tion set count - indicates the number of selection setsdiithe current presentation.
hing set count - indicates the number of switching sets in the current selection set

_count — indicates the number of CMAF traecks/MPUs that are contained in the curre
his field is 8 bits long.

t_id - provides the packet_id that will identify the MM TP sub-flow that carries the
This field is 16 bits.

idth requirement — provides‘the bandwidth requirement of the current CMAF tra
f this field in bits per second‘and the field is 32 bits.

type — the MIME type descriptor is used to describe the MIME type of the current s
encodings of the CMAF tracks within the switching set differ, the MIME type of the ty
st codec requirements shall be signaled.

24 Content,Selection (CS) Message

24.1 General

g of the next

5 part of this
'his field is 8

The field is 8

This field is

nt switching

CMAF track/

k/MPU. The

witching set.
ack with the

The (

S'unessage is a message that is sent from the MMT receiving entity to the MMT sending entity (or

MANE) to indicate the current MMT receiving entity’s selection of the CMAF tracks that it wishes to
receive. Annex L shall be used for mapping of CMAF content to MPU.

10.4.

The s

24.2 Syntax

yntax of CS Message is shown in Table 76.

Table 76 — Syntax for CS Message
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Table 76 (continued)
Values No.
Syntax of | Mnemonic
bits
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
payload {
start_time 64 uimsbf
subflow _count N1 8 uimgbf
for| (i=0; i<N1;i++) {
packet_id 16 uimgbf
}
}
}
10.4.24.3 Semantics

message id

bits.
version - 1

length - 1
of the next f

start time
entity to sta

subflow couy
in this select

packet id-—
10.4.25RTS

10.4.25.1

Ilgicates the length of the Content Selection message in bytes, counting from the begi

- indicates the identification of the Content Selection message. The length of this field

hdicates the version of the Content Selection message. The length of this field is 8 bits

1d to the last byte of the Content Selection miessage. The length of this field is 32 bits

- the presentation start time at which the MMT receiving entity requests the the se
-t delivering.

ht — indicates the number of MMTP sub-flows that the MMT receiving entity is reque
ion message. This field is 8 bjtlong.

provides the packet_id thatthe MMTP receiving entity is requesting. This field is 16 b
P message

General

The RTSP

communicatfion flow: This method allows multiplexing signaling and data on a single port for grj
NAT traversgl.

essage( describes a unified way to send setup and control messages on an

is16

ning

hding

sting

its.

MMT
1ceful

For setup and control, RTSP messages can be wrapped into an MMT signaling message. To make the
solution NAT friendly, when no “MMT receiving entity_port” in RTSP 1.0 or “dest_addr” in RTSP 2.0
fields are present, the MMT sending entity shall respond and send the content to the same port that
sent the SETUP request.

A basic RTSP SETUP request for MMT content may be:

SETUP mmt:/
CSeqg: 1000

/mnt .mpeg.org/movie.mp4

A basic MMT setup response may be:

RTSP/2.0 20

CSeq:
Date:

S

114

0 OK
1000
14 Mar 2015 11:26:53 GMT+2

ession: 161803398
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Transport: MMT;unicast;

The SETUP response will be followed by the MMT content. Similarly, other RTSP control messages can
be sent during a session, such as PAUSE, PLAY and TEARDOWN.

The following MMT message will wrap RTSP requests and responses:

10.4.25.2 Syntax

The syntax of RTSP Message is shown in Table 77.

— Table 77— RTSP messagesyntax

Syntax Values No. of bits Mnemonic
RTSP| message () {
ssage_id 16 uimsbf
rsion 8 uimsbf
length N1 16 uimsbf

message payload {
for (i=0; i<N1; i++) {

RTSP_byte 8 uimsbf

10.4.25.3 Semantic
messqge id - indicates RTSP message ID/The length of this field is 16 bits.

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

lengih - indicates the length{of'RTSP messages. The length of this field is 16 bits. It indicatps the length
of thg RTSP message counted in bytes starting from the next field to the last byte of the RTSP message.
The value ‘0’ shall not bé&wused.

RTSP [byte - a byte inthe RTSP message.
10.4.26 VAST/VMAP Message

10.4.261 General

An MMT sending entity uses the VAST_VMAP message to signal ad opportunities (formatted according
to the VMAP standard[2]) and/or ad content (formatted according to the VAST standard[ll) to the MMT
receiving entity. Upon receiving a VAST VMAP message, the MMT receiving entity shall perform the
following:

— Ifthe content is a VMAP message, it shall extract and pass the message to the application before the
first AdBreak starts.

— Ifthe content is a VAST message:

— [t should extract the references to the Ad content, such as the MediaFile references for Linear
ads

— Ifthe reference is to content delivered using the GFD mode, it shall cache it for later usage.
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— Ifthe reference is to content delivered using the MPU mode, it shall identify the MM TP sub-flow
that matches the packet_id referenced by the URL in the MediaFile reference.

10.4.26.2 Syntax
The syntax of the VAST_VMAP message is defined in Table 78.

Table 78 — VAST_VMAP message syntax

Syntax Value No. of bits | Mnemonic
VAST VMAP message () {
message_itli 16 uimgbf
version 8 uimgbf
length 16 uimgbf
message pgyload {
message_type 8 uimgbf
if (messgge type == 0x1) {
VMAP_version 16 uimgbf
start_time 64 uimgbf
}
if (messgge type == 0x02) {
VAST version 16 uimgbf
}
message| {
messag¢ length N1 16 uimgbf
for (i0; 1<N1; i++) |
message_char 8 uimgbf
}
}
reserved ‘1111 111 7 bslbf
private|extension flag 1 bslif

if (priyate extension flag'== 1) {
privat¢ extension ()

}

}

10.4.26.3 Semanties

message_id - indicates the message ID. The length of this field is 16 bits.

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

length - indicates the length of the messages in bytes, counting from the beginning of the next field to
the last byte of the ACR message. The value “0” shall not be used for this field.

message type - an identifier of the message type. Two message types are defined: VMAP (0x1) and
VAST (0x2).
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VMAP version - indicates the version number of the VMAP specification that is used by the embedded
VMAP message. The version is encoded by multiplying the value by 100, e.g. version 4.0 will be signaled
as 400.

start_time - provides the time of the first Ad Break in the embedded VMAP message. The VMAP
message shall be passed to the application for processing prior to this start_time. The time is provided
as UTC wallclock time in form of a NTP timestamp.

VAST version - indicates the version number of the VAST specification that is used by the embedded
VAST message. The version is encoded by multiplying the value by 100, e.g. version 4.0 will be signaled
as 400.

messdqge length - provides the length of the embedded VAST or VMAP message. The message shall be
formatted in UTF-8 format.

messdge char - contains one UTF-8 character of the embedded VAST or VMAP message.
10.4.27Service List (SL) information message

104.27.1 General
Servike list information messages contains information on any updates of MMT service lisks. When the
MMT|receiving entity receive this message, it can acknowledgethe existence of new MMT service list

or any update on previous one. If the MMT receiving entity wants to update any MMT service list, it can
request it with any specific channel types.

10.4.27.2 Syntax

The gyntax of SL information message is defined ih Table 79

Table 79 — Syntax'of service list information message

Syntax Value Nl:)i.t(s)f Mnemonic
SL mpessage () {
mesjsage id 16 uimsbf
verEion 8 uimsbf
length 16 uimsbf
mespage payloady
num of list N1 8 uimsbf
folr (1=0%N4KN1; i++) {
MMT _ sve¢ list URL length N2 8 uimsbf
fpM1i=0; 1<N2; i++) {
MMT svc_list URL byte 8 uimsbf
}
event_type 4 uimsbf
reserved ‘1111 4 bslbf
If (event type=='0x02") {
num_of_channel N3 8 uimsbf
for (i=0; i<N3; i++) {
channel id 8 uimsbf
}
} else If (event type=='0x03") {
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Table 79 (continued)

No. of

. Mnemonic
bits

Syntax Value

MMT package id {
MMT package id_length N4 8 uimsbf

for (i=0; 1i<N4; i++) {

MMT package_id_byte 8 uimsbf
}
}
change_time 32 uimgbf
change_delivery channel_type 4 uimgbf
reserved ‘11171 4 bslbf

10.4.27.3 Semantics
message_id 1 indicates the message ID. The length of this field is 16.bits.

version — inficates the version of the messages. MMT receiyihg entity may check whether the version
of the received message is new or not. The length of this fieldis 8 bits.

length — indjcates the length of the messages in Bytesgcounting from the beginning of the next figld to
the last byte|of this message. The value “0” shall notbe used for this field.

num of 1ist| - This value is a number of MMT sgrwvice list to be acknowledged to MMT receiving entity

MMT svc lisft URL length - the length sifv) Bytes of the mMT svc 1ist URL string, excluding the
terminatingnull character.

MMT svc lislt URL byte - this field is 4 unique identifier of the MMT service list descriptor.

event type 1 indicates the typéwofevent as defined in Table 80

Table 80 — Value of event_type

Value Description
0x0 Corresponding MMT service list is newly available
0x1 Corresponding MMT servlce list is totally not valid. Therefore don’t refer it anymore.
0x2 Corresponding MMT servlce list has updates on the designated channels.
0x3 Corresponding MMT Package will have a change in deliveryChannelType information when

the time indicated at change_time. Therefore, it is recommended to fetch the new MMT Ser-
vice List at those time and follow the new information if MMT receiving entities’ capability
allows.

0x4~0xF reserved

num of channel - This value is a number of the channel that has updates
channel id - This value is a unique identifier of the channel.

change time — indicates the time when corresponding to the time when the deliveryChannelType of
corresponding channel will change. This field is a UTC time in NTP format and 32 bits long.
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change delivery channel type -indicates the new channel type into which the corresponding package
will be changed.

10.5 Descriptors
10.5.1 CRI descriptor

10.5.1.1 General

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

A CR] descriptor can be used to specify the relationship between the NTP timestamp ancithe MPEG-2
STC fpr synchronization purpose. The value of clock reference used by the Asset which lis dlerived from
the MPEG-2 TS is specified in the c1ock _relation id field.

CRI_descriptors are carried in a CRI table.

10.5.1.2 Syntax

The gyntax of the cRT_descriptor () is defined in Table 81.

Table 81 — CRI_descriptor() Syntax

Syntax Value No. of bits Mmnemonic
CRI Pescriptor() {
Hescriptor_tag 16 imsbf
Hescriptor length 16 imsbf
clock relation id 8 imsbf
reserved “11 11117 6 imsbf
STC sample 42 imsbf
NTP_timestamp sample 64 imsbf
}

10.5.1.3 Semantics
desciiptor tag - atagwvalue indicating the type of a descriptor.

descfiptor length™ indicates the length in bytes counting from the next byte after this figld to the last
byte pf the descriptor.

cloch refabion id - the identifier of a clock relation.

sTC_damgle - contains the MPEG-2 STC value that corresponds to the following
NTP timestamp sample. The sample value of STC is in 42-bit format.

NTP timestamp sample — the sample value of NTP timestamp that corresponds to the preceding stc
sample.

10.5.2 MPU timestamp descriptor

10.5.2.1 General

This descriptor provides presentation time of the first AU of MPU in presentation order after application
of any offset such as the one provided by “e1st” box. When presentation information (PI) is present,
this descriptor shall be ignored.
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10.5.2.2 Syntax

The syntax of the MPU timestamp descriptor () is defined in Table 82.

Table 82 — MPU timestamp descriptor

Syntax Value No. of bits Mnemonic
MPU timestamp descriptor () {
descriptor_tag 16 uimsbf
descriptor length N*12 8 uimsbf
for (i=¢7—T<Hr—T++r—t
mp]/:_sequence_number 32 uimsbf
mpyi_presentation_time 64 uimsbf
}
}

10.5.2.3 Semantics

descriptor [tag - a tag value indicating the type of a descriptor.

descriptor [length - indicates the length in bytes counting from the next byte after this field to th

byte of the descriptor.

mpu_sequende number — indicates the sequence number of the 'MPU presented at a time give

following mpj: presentation time.

mpu presentfation time — indicates the presentation time of the first AU in the designated MPU &

64-bit NTP tjme stamp format.
10.5.3 Depgndency descriptor

10.5.3.1 Glneral

For each de
within the syntax element dependency descriptors specified in Table 53.

10.5.3.2 Syptax

The syntax df the deperidency descriptor () is defined in Table 83.

Table 83 — Syntax of dependency descriptor for layered media

endent Asset, a dependepicy descriptor as specified below shall be included in the

Syntax Value No. of bits Mnemoni¢
dependency descriptor() {
descriptor_tag 16 uimsbf
descriptor length 16 uimsbf
num_dependencies N1 8 uimsbf
for (1 =0 ; i < NI ; i++ ) {
asset_id()
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10.5.3.3 Semantics
descriptor tag - atag value indicating the type of this descriptor.

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

num_dependencies - indicates the number of complementary Assets the dependent Asset associated
with this descriptor depends on.

asset_id - indicates the asset id 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
MPU§4 as defined in 6.4 leads to a valid MPU and follows the media dependency hierarchy:

10.5.4 GFDT descriptor

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

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

10.5.4.2 Syntax

The gyntax of GFD descriptor is defined in Table 84.

Table 84 — GFDT.descriptor syntax

Syntax Value |[No.of| Mnemgnic
bits
GFD descriptor () {
descriptor_tag 16 uimspf
descriptor_length 32 uimspf
number_of_CodePoints N1 8 uimspf
for (i=0; 1<N1; i++) {
value 8 uimspf
fileDelliveryMode 2 bslb
constantTransferLength flag 1 bslb
outOfOrderSending flag 1 bslb
FileTemplate flag 1 bslb
startTOI_flag 1 bslb
endTOI_flag 1 bslb
EntityHeader_flag 1 bslbf
maximumTransferLength 48 uimsbf
if (FileTemplate flag == 1) {
FileTemplate length N2 8 uimsbf
for(j = 0; J < N2; j++)
FileTemplate byte 8 uimsbf
} else {
File length N3 16 uimsbf
for(j = 0; J < N3; j++4)
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Table 84 (continued)
Syntax Value |No.of| Mnemonic
bits
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 wimsbf
}
}
}

10.5.4.3 Semantics
descriptor [tag - a tag value indicating the type of a descriptor.

descriptor [length - specifies the length in bytes counting from’'the next byte after this field to the last
byte of the descriptor.

number of JodePoints — specifies the number of CodePgints contained in this GFD descriptor. This field
shall not be $et to 0.

value - spegifies the value of the CodePoint.-The value shall be between 1 and 255. The valug¢ 0 is
reserved.

fileDeliverjyMode — specifies the file delivery mode according to Table 18. If this field is “1f, the
delivered object is a regular file and-ifiitis “2”, the delivered object is an entity consisting of an ¢ntity
header and the file.

constantTransferLength flagy~ specifies if all objects delivered by this CodePoint have corstant
transfer length. If this flag(is Set to “1”, all objects shall have the transfer length as specified in the
maximumTransferLength'field. The default value is 0.

outOfordersfending (fldg — specifies if an outOfOrderSending attribute is included in this| GFD
descriptor. If this.-flag is set to “1”, the outOfOrderSending attibute is included in this GFD descifiptor.
The default yalue-is 0.

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

startTOI_ flag - specifies if a startTOI is included in this GFD descriptor. If this flag is set to “1”, a
startTOl is included in this GFD descriptor.

endTOI flag - specifies ifan endTOl is included in this GFD descriptor. If this flag is set to “1”, an endTOI
is included in this GFD descriptor.

EntityHeader flag- specifiesifan entity header for this CodePoint is included in this GFD descriptor. If
this flag is set to “1”, EntityHeader length and EntityHeader byte areincluded in this GFD descriptor.

maximumTransferLength — specifies the maximum transfer length in bytes of any object delivered with
the CodePoint set in value field.
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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).

startToTl - 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.

endToT - 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.

Entif

Entit
in thd
ared

10.5.

10.5.

The §
abou
conte
"ps sh

10.5.
The s

yHeader length - specifles the length in byte of the entity-header.

yHeader byte - specifies a byte in the entity-header. An entity header specifies-a.full ¢
format as defined in IETF RFC 2616 sub-clause 7.1. The entity-header applies, for all
elivered with the value of this CodePoint.

5 Sl descriptor

5.1 General

[ descriptor is an asset descriptor that can be used by the-MMT sender to provide
the content encryption applied to the asset as part of DRM protection or Conditiona
nt protection using common encryption, the contents-of this descriptor are extrac
" box that is located as part of the MPU metadata.

5.2 Syntax

yntax of the SI descriptor is defined in Fable 85.

Table@®5 — SI descriptor syntax

ntity header
objects that

information
1 Access. For
fed from the

Syntax Value No. of bits Mnemonic
SI dpscriptor () {
scriptor_tag 16 uimsbf
scriptor_length 16 uimsbf
spcurity system (count N1 8 uimsbf
served “111 1111”7 7 uimsbf
system provider url flag 1 bslbf
iff (systemw) provider url flag) {
system provider url length N2 8 uimsbf
for (i=0; i<N2; i++) {
system provider url byte 8 uimsbf
}
}
for (i=0;i<N1;i++) {
system_id 16*8 uimsbf
kid_count N3 16 uimsbf
for (3=0; J<N3; j++) {
KID 16*8 uimsbf
}
data size N4 32 uimsbf
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Table 85 (continued)

Syntax Value No. of bits Mnemonic
for (3=0; J<N4; j++) {
data 8 uimsbf

10.5.5.3 Semantics

descriptor [tag - a tag value indicating the type of a descriptor.

descriptor |length —indicates the length in bytes counting from the next byte after this fieldto the last
byte of the descriptor.

security sylstem count - provides the number of DRM or CAS system informatiomthat can procegs and
handle the cpntent protection, access control and rights management.

system provfider url flag - indicates whether a URL location of a providerdor the system is proyided
or not. If thif flag is set to “1”, a system provider URL is provided. This URL\¢an be used for downlopding
and installing the system, when needed.

system provfider url length - provides the length of a system provider URL.
system provfider url byte - specifies a byte in a system previder URL.
system_id - [provides the UUID that uniquely identifies theyDRM system.

KID count —fpecifies the number of KID entries in the\descriptor.

k1D - identif]es a key that the data field applies to;

data_size —fpecifies the size in bytes of thedata field.

data - carrigs DRM system specific data.

10.5.6 MMT Service Descriptor

10.5.6.1 General

The MMTServiceList ‘efement provides information on MMT services that will be provided|with
MMT protodol from‘a/specific service provider. A MMTServiceList element is comprised of mltiple
MMTChanngl elements, which is a logical group of MMT packages. The MMT package corresponds to a
specific program such as, news, sports game and amovie. The MMTPaCkage element has MMT Pac kage
id to distingtist Vi k kage -
MMTP session will be 1n1t1ated through 1ts own session 1nformat10n from either of SDP f11e (SDPURD),
in-lined SDP (SDP) or location of MMT PA message (MMT_PA_URL). In case the channel is made with
linear contents, such as live contents with time duration, each MMTPackage element will have time
information through startTime and endTime element.

The descriptorurL is the location of corresponding MMTServiceList. Multiple descriptorURL can be
acquired and stored at the MMT receiving entity. For example, user can choose their preferred MMT
Service Listprovider and input URL to their MMT receiving entity by themselves or it can be retrieved
from service list (ex. EPG) of broadcast channel as another option to provide service list information.
However, the way to acquire descriptorURL is out of scope of this specification. The MMT receiving
entity shall send request to descriptorurLs to acquire the MMTServiceList. When the corresponding
service list are received, MMT receiving entity should aggregate those multiple MMTServiceList and
present to user to provide MMT service list that the user can select. channe1Type element provides type
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of corresponding channel. It means which kind of transport physical channels are required to consume
services described in this channel. In aggregating service list, MMT receiving entity should consider
the channel type based on the current channel availability status. In case only broadband channel
is available, MMT receiving entity should aggregate channel which has channelType . Session setup
process shall follow process specified in Annex H.

10.5.6.2 Syntax

<?xml version="1.0" encoding="UTF-8"?>

<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="unqualified"
version="1.0">

<xs:plement name="MMTServiceList" type="MMTServiceListType"/>

<xs:pomplexType name="MMTServiceListType">

<xs|: sequence>

<xslelement name="MMTChannel" type="MMTChannelType"/>
<xslany namespace="##other" processContents="lax" minOccurs="01'maxOccurs="undounded" />
</xs| sequence>

<xslattribute name="version" type="xs:decimal" use="requixed!/>

<xsfrattribute name="descriptorProvider" type="xs:string}”/$

<xslattribute name="updatePeriod" type="xs:nonNegatiwelnteger" minOccurs="0"/
<xslanyAttribute namespace="##any"/>

</xs|:complexType>

<xs:pomplexType name="MMTChannelType">
<xs|:sequence>
<xs|:choice maxOccurs="unbounded">
<xs|:element name="name" type="xs:string"/>
<xsl:element name="1link" type="xs:adyURI"/>
<xp:element name="channelDescription" type="xs:string"/>
<xp:element name="releaseDate™ type="dateTime" minOccurs="0"/>
<xs:plement name="lastBuildDete" type="dateTime" minOccurs="0"/>
<xp:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="urjbounded"/>
</xsl|:choice>
<xs:plement name="MMTPackage" type="MMTPackageType" maxOccurs="unbounded"/>
<xs:pny namespage="g#other" processContents="lax" minOccurs="0" maxOccurs="unbdunded"/>
</xp:sequencep
<xslattriblite’ name="access network descriptor" type="xs:decimal" use="required"/>

<xslatteiblite name="channelID" type="xs:decimal" use="required"/><xs:anyAttrilute
namegpdce="4##any" />

</xslkcemplexType>

<xs:complexType name="MMTPackageType">

<xs:sequence>

<xs:choice maxOccurs="unbounded">
<xs:element name="title" minOccurs="0"/>
<xs:element name="packageDescription" minOccurs="0"/>
<xs:element name="MMT Package id" type="xs:string"/>
<xs:element name="startTime" type="dateTime" minOccurs="0"/>
<xs:element name="endTime" type="dateTime" minOccurs="0"/>
<xs:element name="SDPURI" type="xs:anyURI"/>
<xs:element name="SDP" type="SDPType"/>
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<xs:element name="MMT signaling flow URI" type="xs:anyURI "/>
<xs:SimpleType name="SDPType">
<!--- Note: the InlinedSDP below must be embedded in a CDATA section -->
<restriction base="string"/>
</xs:SimpleType>
<xs:element name="PI URI" type="xs:anyURI"/>
<xs:any namespace="##other" processContents="1lax" minOccurs="0" maxOccurs="unbounded"/>
</xs:choice>
</xs:sequence>

<xs:anyAttribute namespace="##any"/>

</xs:complé¢xType>

</xs:schemg>

10.5.6.3 Semantics

vMTservicellist — The element provides information on MMT services that will besprovided with MMTP
from a spec]fic service provider. The HTTP URL syntax is as follows: request' URI = service_URI "?"
query_string,

where

— service| URT : the URI of the MMT service list server that provides MMT service list elements| This
may be the same with descriptorURL, based on its implementation;

— query sfring:descriptorURL *("&" deliveryChannelType)\¢"&" channel_range);

— descripforUrL : the URL of the MMT service list element for which the MMT receiving entity is
requesting the service list element in the query part of the request;

— deliverpChannelType : the required channel type of the packages listed in MMT service list which
the MMT receiving entity is requesting in thé query part of the request;

— channel| range :arange of MMT service channel_id; channel_range = (channelA [ "-" channglZ ])
/ (chanrelA [ ";"]); channelA = 1xDIGH; the channel, or the first of a range of channels; channelZ =
1xDIGIT| the last channel of a rapgeé-of channels.

version - A Version of MMTServicelist
descriptorHrovider - MMTyservice descriptor information provider.

updatePerigd - indicates the validity period of the updated descriptor information from the soufce in
millisecondy.

MMTChannel { A Jdgical entity which is a group of MMT packages

name - The n&me-efthe-channel

link - The HTML page URL about the corresponding channel.
channelDescription - Description on the corresponding channel
releaseDate - The release date for the channel information

lastBuildpate - The lasttime the program content of the channel changed.
MMTPackage — A specific program which corresponds to a MMT package

access network descriptor - The type of corresponding delivery channel. It means which kind of
delivery channels are required to consume services described in this channel.

channel id - This value is a unique identifier of the channel.
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title - The name of the program with corresponding MMT Package

packageDescription - Description on the corresponding package

MMT Package id - This value is a unique identifier of the Package. This value has to be set to uniquely

identify each package within a MMT Service List.

startTime - The start time of a corresponding MMT package if it is a scheduled content, e.g. linear

contents. If it is a non-linear content, startTime information should be omitted.

endTime - The end time of a corresponding MMT package if it is a scheduled content, e.g. linear contents.

If it is a non-linear content, endTime information should be omitted.

sppugT - URI referring to a content referencing SDP file containing information that the,M]
entity needs in order to be able to receive and consume the content of the MMT Package.
refergncing SDP file is transported in a HTTP.

spp —|In-lined content referencing SDP file containing information that the MM-receiving
in ordler to be able to receive and consume the content of the MMT Packagesencoded as UT}

MMT 4ignaling flow URI - URI referring to a flow of MMT signalling iessage. It can retr
MMT|PA (Package Access) message or PA table for the correspondingMMT Package.

VT receiving
This content

entity needs
-8.

ieve such as,

p1_UgI - URI referring to a Pl document containing information’that the MMT receiving enltity needs in

orderf to be able to receive and consume the content of the MM T Package.
10.5.7 Mobile information descriptor

10.5.7.1 General

Mobile information descriptor contains inforfiation which is associated with MMT receivy
case |t is a mobile device. When MMT receiving entity is a cellular mobile device, it can |
specific attributes including MSISDN or;€ell ID which are also defined in 3GPP.

10.5.[7.2 Syntax

The gyntax of mobile informatioh descriptor is defined in Table 86

Table 86 — Syntax of mobile information descriptor

ing entity in
have mobile-

Syntax Value No. of bits Mmnemonic
mobille info déseriptor() {
desfpriptor\ tag ‘0x0004’ 16 imsbf
desgriptor_length 16 imsbf
MSIEDN_flag 1 olean
IMSI flag 1 boolean
current_cell id flag 1 boolean
reserved ‘11111 5 uimsbf
if (MSISDN flag == 1) {
MSISDN 60 uimsbf
reserved ‘1111 4 uimsbf
}
if (IMSI flag == 1) {
IMSI 60 uimsbf
reserved 1111 4 uimsbf
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Table 86 (continued)
Syntax Value No. of bits Mnemonic
}
if (current cell id flag == 1) {
current_cell_id 60 uimsbf
reserved ‘1111 4 uimsbf
}
}
10.5.7.3 Semantics
descriptor |tag — a tag value indicating the type of this descriptor. The value of this field i3 0x0(04 in
Table 86.
descriptor [length - indicates the length in bytes counting from the next byte afterthis field to the last
byte of the descriptor.

MSISDN flag
IMSTI flag -

current cel
descriptor is

MSISDN - in
MMT receiv
field is 15 d¢
binary bits.

IMST - indi
it follows for
coded into 6

current cel
36.331. It is
assigned for

10.5.8 Med

10.5.8.1 General

- indicates whether MSISDN is included or not. If it is set to ‘1 the descriptor is incl
indicates whether IMSI is included or not. If it is set to ‘1°, the)descriptor is included.

1 id flag - indicates whether current_cell_ID is in¢luded or not. If it is set to ‘]

included.

Hicates MSISDN (Mobile Subscriber Internationdl/Stibscriber Directory Number) num
ng entity, and it follows format as defined inJJTU-T specification E.164. The length o
bcimal digits, which is coded into 60 binary-digits where each decimal digit is assig

cates IMSI (International Mobile Subseriber Identity) number of MMT receiving entit)

ided.

‘ the

ber of
f this
hed 4

Uy and

mat as defined in 3GPP TS 23.003~The length of this field is 15 decimal digits, , whiich is

D binary digits where each decimal digit is assigned 4 binary bits.

1 id - indicates current(ell ID (CGI for 2G/3G and eCGI for 4G) as defined in 3Gl
assigned a 15 decimal( digit code which corresponds to totally 60 bits where 4bif
each 1 decimal digit.

ia quality descriptor

PP TS
s are

Media qualify descriptor contains information on playback quality of media at MMT receiving ¢ntity
side.
NOTE How a specific parameter is measured is out of the scope.
10.5.8.2 Syntax
The syntax of media quality descriptor is defined in Table 87
Table 87 — Syntax of media quality descriptor
Syntax Value No. of bits Mnemonic

media quality descriptor() {

descriptor_tag ‘0x0005’ 16 uimsbf

descriptor length 16 uimsbf
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Table 87 (continued)
Syntax Value No. of bits Mnemonic
num_time sample N1
for (i=0;1i<N1l;i++) {
timestamp 32 uimsbf
video quality{
freeze 8 uimsbf
black 8 uimsbf
mh _error 8 yimsbf
}
apdio quality({
Hecoding error 8 yimsbf
}
}
repuffering duration 32 yimsbf
}

10.5.

descH

Table

8.3 Semantics

iptor tag - a tag value indicating the type of this descriptor. The value of this field
87.

desc

byte

num_{

meas

timed

form

frees
from
thoug

blac
to ne

mb_eq
timefq

decod

iptor length —indicates the length in bytes ¢eunting from the next byte after this fig
bf the descriptor.

ime_sample - indicates the count of time instances (timestamp) at which the med
ured.

tamp - indicates the time instance at which the media quality is measured based
it is the “short-format” as defined in IETF RFC 5905, NTP version 4, Clause 6. The unit

current timestamp to next timestamp. It counts all the frames which is consecutive ar
th its first head frame'is different.

- indicates total count of black playback video frames which is measured from currer
Kt timestamp.\It counts all the wholly black frames.

ror -«indicates total count of video frames which has macro block error measured {
tamp to next timestamp.

is 0x0005 in

1d to the last

lia quality is

on UTC. The
is a second.

e - indicates total countof consecutive playback video frames which is identical and measured

d same even

It timestamp

rom current

om current

ind error indicates total count of audio frame decoding error measured f

timestamp to next timestamp.

rebuffering duration - indicates total duration of abnormal playback measured during the period

speci
10.5.

10.5.

fied in MC message in milliseconds. The length of this field is 32 bits.
9 MPU Presentation Region Descriptor

9.1 General

This descriptor provides information on the position of presenting the MPU by using the layout number
and region number configured by the Layout Configuration Table. This is delivered in the descriptor
area in the MP Table for each asset. Examples of layout configuration are provided in Annex K.
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10.5.9.2 Syntax

Table 88 sho

ws the syntax of the MPU Presentation Region Descriptor.

Table 88 — MPU Presentation Region Descriptor

Syntax Values No. of bits Mnemonic

MPU Presentation Region Descriptor () {
descriptor_tag 16 uimsbf
descriptor length 8 uimsbf
for (i=@r—t<Nr—t+r—t
mpu_seqyience_number 32 uimshf
layout_pumber 8 uimshf
region_humber 8 uimsHf
length of reserved M 8 uimsHf
for (3=0; J<M; j++) {

reserved future_use 8 bslbf

}
}

}

10.5.9.3 Semantic

mpu_sequend
specified in

layout numi

number ‘0’ npeans the default layout.

region numib

number ‘0’ nheans the default region.

length of 1
10.5.10Ass¢

10.5.10.1

This descrip
grouping of
areain the M

e number - This field specifies the MPU sequence number of which presentation reg
his descriptor.

r - This field specifies the layout nuimber in which the MPU is presented. The 1

r - This field specifies the region number in which the MPU is presented. The r

served — This field specifies the length of the following reserved field in byte.
t Group Descripter:

General

tor provides the group and priority within a group of assets. This descriptor en
multiple assets and switching assets within the group. This is delivered in the desci
[P{Table for each asset.

ion is

ayout

egion

ables
iptor

10.5.10.2

Syntax

Table 89 shows the syntax of the Asset Group Descriptor.

Table 89 — Asset Group Descriptor

130

Syntax Values No. of bits Mnemonic
Asset Group Descriptor () {
descriptor_tag 16 uimsbf
descriptor_length 8 uimsbf
group_identification 8 uimsbf
selection level 8 uimsbf
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Table 89 (continued)

Syntax Values No. of bits

Mnemonic

10.5.

10.3 Semantic

group identification - This field specifies the group identification which identifies a group of audio/

video

and other assets.

selection level - This field specifies the selection level within each group. The selection level ‘0’

mear
selec

10.5.

10.5.

The d
thati

10.5.
Table

sthe defauttassetto be presented—Whenm the defauttasset tanmot bechosen; the oy
fion level is the smaller number is the candidate of alternative asset to be chosen and

11Access Network Descriptor

11.1 General

elivery type descriptor is a descriptor to indicate specific delivery, type for a servicg
5 being carried on it or interfaces supported by MMT receivingéentity.

11.2 Syntax

90 shows the syntax of the Asset Group Descriptor,

Table 90 — Access Network Descriptor

set of which
presented.

or interface

Syntax Value No. of bits Mmnemonic

acceps network descriptor() {
desfriptor_tag ‘0x0004’ 16 imsbf
desgriptor_length 16 imsbf
accpss_network_type 4 imsbf
resprved ‘1111 4 imsbf

}

10.5.11.3 Semantics

desc

desc

byte

iptor tag:atag value indicating the type of a descriptor.

iptor Yength - indicates the length in bytes counting from the next byte after this fig
bf thedescriptor.

acceq

1d to the last

s\hétwork type - the type of corresponding delivery type shown in Table 91.

Table 91 — access_network_type

Access Network Type Value Description
0x0 reserved
0x1 Channels which can receive only (e.g. Broadcast channel)
0x2 Channels which can receive and request (e.g. Broadband channel)
0x3 Channe!s having at least one Broadcast channel and one Broadband channel
respectively at the same time.
0x4 ~ OxFF reserved for future use
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10.5.12Subtitle Change descriptor

10.5.12.1 General

When an MMT Package is composed of multiple subtitle Assets, the subtitle Assets can be selectively
delivered to MMT receiving entity. Each subtitle can be generated in various languages and the time
information (such as begin time and end time of a certain subtitle data) of the subtitles for the same
period of media can be different because of the lingual characteristics. The selected subtitle Asset can be
changed to another subtitle Asset during its delivery and its presentation. If the subtitle Asset changed
before it is completely presented and another subtitle Asset is already passed, the passed Assets can
be presented while waiting for the next subtitle data. The Subtitle Change descriptor provides MPU
presentatior] time and durations of the passed MPUs of both subtitle Assets. MMT sending entity| shall
send the Suljtitle Change descriptor to MMT receiving entity, so the MMT receiving entity can %cide
which subtitlle Asset to replay and the duration of replay before the presentation time of mext MPU of
the new subftitle Asset.

10.5.12.2 Subtitle change configuration

When a multimedia content contains more than one subtitle stream of differentlanguages, the length

of subtitle d
case the pre
English subt

hta is different even for the same content because of their lingual characteristics. I
sentation duration can be also different. For example, Korean, subtitle has 30 letters
itle has 20 letters in a certain scene, and the start time (or’begin time) and also end ti

h this
while
me of

the subtitle @lata is different.

While a mul
for some red
data cannot

imedia data which has more than one subtitle streaim is playing, if the subtitle is chgnged
son (e.g. by user’s decision), because of the differénce of length of subtitles, the suptitle
be played appropriately.

If subtitle is
already finis
next paragrg

"hanging before itis completely played in agcene, and also if the other subtitle unfortuy
hed, the user cannot watch any of themcompletely and has no choice except waitin
ph.

ately
g the

It can be ond of the factors that cause degradation of the user experience for the users expecting multi-
lingual subtitle multimedia content.

mpu_presentation_time Stbtitle changing ; mpu_presentation_time
of MPU 1 of Asset 2 /'l time Pt -~ of MPU 2 of Asset 2
A .'I ! -/"/ i l Presentation[Time
L REEER N | | , (T
Asset 1 ! : 1«-}3}1 ! I MPU2 ' MPU 3 i Subtitle Playback flow
(Korean suftitle)! % { ! ; ! !
Original sulptitle) ;= | I I i
(Orig ): : . ) Duration of : ' ! ! !
rSOMPU 1 of Asset 4 | ! ! !
1 1 1 1 1 1
| 1 V. ] 3 1
Asset 2 U mpuzs e MpU?2 I MPILI 3 :
(English subtitle)i : 1 i E E E
. >
(Changed subtitle} Duration of ' ! !
MPU 1 of Asset 2 Duration of

playing passed MPU(s)

Figure 21 — Subtitle change during MMT delivery

Figure 21 depicts an example of subtitle change process in presentation timeline. The original subtitle
Asset is Asset 1 (Korean subtitle) and the changed subtitle Asset is Asset 2 (English subtitle). Subtitle is
changing from Asset 1 to Asset 2 while Asset 1 is being served. Each MPU can contain a single subtitle
paragraph for a certain video scene.
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As shown in Figure 21, if subtitle is changed before the original subtitle (MPU 1 of Asset 1) is finished,
and the changed subtitle (MPU 1 of Asset 2) is already passed in the same scene, none of them cannot be
presented completely. Any subtitle data won't be displayed and will wait until the presentation time of
next subtitle MPU (MPU 2 of Asset 2).

In this case, by presenting the past MPU(s) while waiting for the presentation of next MPU, user can
keep the context of subtitle. Utilizing the space of MPU 1 and MPU 2 of Asset 2, MPU 1 of Asset 1 or MPU
1 of Asset, or both MPU 1 of Asset 1 and Asset 2 are presented.

For this operation, MMT sending entity should send subtitle change descriptor so that MMT receiving
entity can decide the presentation duration of passed MPU(s), and which MPU(s) to be presented. The

descripfnr should m:n'n]y prnvidn the Fn”nun'ng values helagws:

1. gresentation start time of MPU 1 of Asset 2
2. [presentation start time of MPU 2 of Asset 2
3. gresentation duration of MPU 1 of Asset 1
4. gresentation duration of MPU 1 of Asset 2

The detailed explanation with syntax and semantics of subtitle chafige descriptor is prdvided in the
following sub-clauses.

10.5.12.3 Syntax

The gyntax of subtitle change descriptor is defined in Fable 92.

Table 92 — Syntax for:Subtitle Change descriptor

Syntax Value No. of bits Mnemonic

Subtfitle Change descriptor () {

desgriptor_tag 16 uimsbf
desgriptor_length 16 uimsbf
MPUPT new_passed 64 uimsbf
MPUPT new_next 64 uimsbf
durption original passed 32 uimsbf
durption new_passed 32 uimsbf
}

10.5.12.4 Semantics

desciiptor) tag - a tag value indicating the type of a descriptor.

descriptor lengtnh - Indicates the length in bytes counting irom the next byte atter this field to the last
byte of the descriptor.

MPUPT new passed - indicates the mpu_presentation_time of the passed MPU in changed subtitle Asset.
MPUPT new next - indicates the mpu_presentation_time of the next MPU in changed subtitle Asset.

duration original passed - indicates the presentation time duration of the passed MPU in original
subtitle Asset. The duration_original_passed is expressed in milliseconds.

duration new passed - indicates the presentation time duration of the passed MPU in changed subtitle
Asset. The duration_new_passed is expressed in milliseconds.

© ISO/IEC 2023 - All rights reserved 133


https://iecnorm.com/api/?name=11cf3a0693b299d9790d224e345a2f47

ISO/IEC 23008-1:2023(E)

10.5.12.5 Subtitle Change operation

mpu_presentation_time mpu_presentation_time
of MPU 1 of Asset 2 of MPU 2 of Asset 2
T1): ./ T2-D1 T2-D2 1 (T2
( )"_,’ ( - ) ~(,' ) J',I ) Presentation Time
* P . ¢
Asset 2 : - ! : (PT)
(English subti.tle)é MPU 1i ‘/,’ ' Duration ofE i MPU 2
(Changed subtitle)! | playing passed MPU(s)
' Durationiof E (D2) :
MPU 1 of Asset 2! :
Asset 1 (D1), : ;
(Korean subtitle) . Pas$ed MPU(s) |
(Original subtitle) : l
]
And/or 1 Passed
Asset 2 MPU(s)
(English subtitle) :
(Changed subtitle) '

Figure 22 — Subtitle change configuration

MMT receiving entity can change metadata of subtitle MPUs using the Subtitle Change descriptor and
transfer appfopriate media data and metadata to its render as depiected in Figure 22.

The configugation operates as below:

1. Redeive Subtitle Change descriptor
A. | presentation start time of MPU 1 of Asset 2 (MPUPT_new_passed)
B. | presentation start time of MPU 20fAsset 2 (MPUPT_new_next)
C. | presentation duration of MPU™ of Asset 1 (duration_original_passed)
D. | presentation duration ©f;MPU 1 of Asset 2 (duration_new_passed)
2. Calgulate the gap periediof MPU 1 and MPU 2 of Asset 2 using A, B, and D.

3. Dedide which past\MPU(s) to present until the presentation of next MPU and the duratior] of
presenting the past MPU(s) by considering the period, MPU metadata of passed MPU of bpth
Asset 1 and Asset 2, capability of decoder and render.

4. Dedide replay mode of passed MPU(s)

A. LNormalreplavmoderreplavonlythe time of duration-decided-in-3.calculated back from

F J P J J
the present end time of the passed MPU(s).

B. Trick replay mode: replay total duration of the passed MPU(s) in the duration decided in
3. (The replay speed can be the duration of passed MPU + the duarion of replay)

C. Private mode: replay in any other way that MMT receiving entity decides.
5.  Adjust the mpu_presentation_time of passed MPU(s) as decided replay mode in 4.

A. Normal replay mode: Calculate back from MPUPT_new_next for the time of duration of
passed MPU(s).
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B. Trick replay mode: Calculate back from MPUPT_new_next for the time of duration decid-
edin 3.

6. For trick replay mode, the duration of media sample of the MPU(s) should be adjusted. The
sample duration is defined in moov box in MPU metadata.

7. Deliver the information decided in 2~6. and related media data to the renderer.

When the duration of presenting the past MPU(s) is determined (Step 3. above), the ratio of gap period
of MPU 1 and MPU 2 of Asset 2 and the duration of presenting the past MPU(s) itself can be considered.

The pnrnh'nn described in this clause can be dane. ]f\y MMT cnn{“ng nnh'fy Inthat case, MMT receiving
entity will just do the typical MPU data reproduction and media presentation.

10.5.13AT descriptor

10.5.13.1 General

AT d4scriptor () contains information about time period during which-asset can be availdble from the
server side. A MPT may contain an AT descriptor () for each Asset when available time is|provided by
one of the locations of this asset.

10.5./13.2 Syntax

The gyntax of AT descriptor is defined in Table 93.

Table 93 — AT descriptor syntax

Syntax Value No. of bits Mnemonic
AT dpscriptor () {
Hescriptor_tag 16 uimsbf
Hescriptor length 32 uimsbf
kvailable time count N1 8 uimsbf
for (i=0; i<N1; i++) A uimsbf
location_index 8 uimsbf
available begin 32 uimsbf
available ehd 32 uimsbf
}
}

10.5.13.3 Semantics

descriptor tag - atagvalue indicating the type of a descriptor.

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

available time count - indicates the number of locations that provide available time information. ‘N1’
is the value of this count.

location index - indicates the index of the available time information inside the descriptor
corresponding to the location information in MMT general location info().

available begin — describe the earliest time in UTC when the content can be available. The unit of this
field is second.
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available end - describe the latest time in UTC when the content can be available. The unit of this field
is second. Based on the value of those two attributes, there are different situations to obtain the range

of accessible

time window, as it is shown in Table 94.

Table 94 — The value of available time attributes and correspoding situations

‘available_begin’ value ‘available_end’ value Description
all‘o’ all ‘1 The content is always available
UTC all‘r The content is always available from ‘available_begin’ time
UTC1 UTC2 The content is available between ‘available_begin’ and ‘avail-
L1l L
10.5.13.4 Procedure
— If the avpilable time of the content is not ready on the server side, the AT descriptor () would not
be inclugled in MPT asset_descriptors.
— Ifthe coptent is prepared with available time information. The descriptor would be delivered plong
with thg MPT.

— For fthe new client, it will read the AT _descriptor () and get the'value of attributes ‘locqtion_
typé¢’, ‘available_begin’ and ‘available_end’. Then based on tHejlocation_index, the client may
get [the location information in MMT general location info() in accordance with avajlable
tim¢ information. Thus the client is able to get the asset content during available time at the
coryesponding location.

— For[the legacy client, once they receive the AT dégeriptor () with descriptor_tag=0x8000, it
willlignore this descriptor as the tag is defined ifithe reserved fields. Since there is no avajlable
tim¢ provided, the client may not get the data-ifit tries to request before the content is available.

10.6 Syntax element groups
10.6.1 MMT_general_location_info
10.6.1.1 General
An MMT gendral location infe-syntax element group is used to provide location information f¢r the
payload of the described item,
10.6.1.2 Syptax
The syntax qf theMT general location info is defined in Table Table 95.
——TFable 95—MMT-generaldocation-infosyntax————
Syntax Value No. of bits | Mnemonic
MMT general location info() {
location_type 8 uimsbf
if (location type == 0x00) {
packet_ id 16 uimsbf
} else if (location type == 0x01) {
ipv4_src_addr 32 uimsbf
ipv4_dst_addr 32 uimsbf
dst _port 16 uimsbf
packet_ id 16 uimsbf
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Table 95 (continued)
Syntax Value No. of bits | Mnemonic
} else if (location type == 0x02) {
ipv6_src_addr 128 uimsbf
ipvé_dst_addr 128 uimsbf
dst_port 16 uimsbf
packet_ id 16 uimsbf
} else if (location type == 0x03) {
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) {
ipv6_src_addr 128 uimbsf
ipvé_dst_addr 128 uimbsf
dst_port 16 uimbsf
reserved “111” 3 bslbf
MPEG 2 PID 13 uimbsf
} else if (location type == ‘0x05") {
URL length N1 8 uimsbf
for (i=0; i<N1; i++) {
URL byte 8 char
}
} else if (location type == ‘0x064) “{
length N2 16 uimsbf
for (i=0;1i<N2;i++) {
byte 8 uimsbf
}
} else if (locatign‘type == ‘0x07") {
}
} else if (loCafion type == ‘0x08’") {
messagé-id 16 uimsbf
} else dfy7(location type == ‘0x09") {
packet_id 16 uimsbf
message_id 16 uimsbf
else 1t (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
} else if (location type == ‘0x0B’) {
ipv6_src_addr 128 uimsbf
ipvé_dst_addr 128 uimsbf
dst_port 16 uimsbf
packet_id 16 uimsbf
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Table 95 (continued)

Syntax Value No. of bits | Mnemonic

message_id 16 uimsbf

} else if (location type == ‘0x0C") {
ipv4_src_addr 32 uimbsf
ipv4_dst_addr 32 uimbsf
dst _port 16 uimbsf
reserved “111” 3 bslbf
MPEG 2 PID 13 uimhsf

}

}

10.6.1.3 Semantics

location_ tyjpe - this field indicates the type of the location information as definedin Table 96.

Table 96 — Value of location_type

Value Description
0x00 An Asset in the same MMTP packet flow as the one that carries the data structure to which
this MMT 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<TFS in a broadcast network.
0x04 An elementary stream (ES) in an MPEG=2 TS over the IP broadcast network
0x05 URL
0x06 Reserved for private location ihformation
0x07 The same signalling message as the one that carries the data structure to which this MMT
general location info () belongs
0x08 A signalling message'delivered in the same data path as the one that carries the data sfruc-
ture 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 ¢ar-
ries the data structure to which thisMMT 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~0xPF Reserved for ISO use
0xA0~Ox[FF Reserved for private use

packet id-packet_idin the MMTP packet header.

ipv4 src addr - [P 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_port — destination port number of an IP application data flow.
ipv6_src_addr — [P version 6 source address of an IP application data flow.
ipvé 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.
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MPEG_2 transport stream id - MPEG-2 TS identifier.

MPEG 2 PID - PID of the MPEG-2 TS packet carrying the ES.

URL length - length in bytes of a URL. The terminating null (“0x00”) shall not be counted.
URL_byte —a byte data in a URL. The terminating null (“0x00”) shall not be included.

byte offset —a byte offset from the first byte of a file.

length - the length of the byte range in bytes.

e s o gge—ea=MMT sigpnalling message identifier {see Table 621

10.6.2 asset_id

10.6.2.1 General

An agset idsyntax element group is used to provide an Asset identifier. Ifthe “nmpu” box i present, the
values of this syntax element group shall be identical to the Asset identifiér of that box. Ifinot present,
the agsignment of Asset identification is outside the scope of this doetiment.

10.6.2.2 Syntax

The gyntax of the asset_id is defined in Table 97.

Table 97 — asset_id syntax

Syntax Value No. of bits Mpemonic
asseft id () {
sset_id_scheme 32 himsbf
Esset_id_length N1 32 himsbf

for (j=0; J<N1; j++) {
asset_id byte 8 hlimsbf

10.6.2.3 Semantics
assefl id schefié= provides the Asset ID scheme as defined in Table 7.

assefl id_ JTength - provides the length in bytes of the asset_id.

assefl W8/ byte - specifies a byte in the asset_id.

10.6.3 Identifier mapping

10.6.3.1 General
This syntax group element provides a mapping of the content identifier and an MMTP packet sub-flow.
The MMTP packet sub-flow is the subset of the packets of an MMTP packet flow that share the same

packet_id. The content identifier may be provided in different forms, such as an asset identifier, a URL
or a pattern.

10.6.3.2 Syntax

The syntax of the 1dentifier mapping () is defined in Table 98.
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Table 98 — Identifier_mapping

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 N1 16 uimsbf
fQr(i=0:i<Nl:i++) {
URL length[i] N2 16 uwimsbf
for (7=0; 3<N2; j++) {
URL byte[i] 8 uimgbf
}
}
} els¢ if (identifier type == 0x02) {
regex length N3 16 uimgbf
forfi=0;1i<N3;1i++) {
regex byte 8 uimsgbf
}
} els¢ if (identifier type == 0x03) {
Yepresentation id _length N4 16 uimgbf
For (1=0;1<N4;++) {
representation_id _byte 8 uimsgbf
} els¢ {
private length N5 16 uimgbf
for (1i=0;1i<N5;i++) {
private_byte 8 uimsgbf
}
}
}
10.6.3.3 Semantics
identifier [typé 9provides the type of the identifier that is used for the mapping to the packet i¢. The
list of availableddentifier types is defined in Table 99.

Table 99 — Identifier types for the 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 URL is a list of URLs and this value indicates the number of URLs provided in this list.

URL length - the length 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.

representation id length — the identifier is provided as a DASH Representation@id and this value

indicatesthetengthof the Representatiom@id string:

reprdsentation id byte — a byte of the Representation@id string.

privdte length — the identifier is provided as private data and this field provides the length of the

privalte identifier in bytes.

privdte byte — a byte of the private identifier.

10.6.4 MIME type

10.6.4.1 General

This gyntax element provides a MIME type as a string.

10.6.4.2 Syntax

The gyntax of the mime type () element is defingd in Table 100.

Tableé100 — mime_type ()

Syntax Value No. of bits Mmnemonic
mime| type () |
mime type length N1 8 yimsbf
fbr (1=0;i<N1;i++) {
mime_ type byte 8 yimsbf
}
}
10.6.4.3 Semantics
mime [ty8e length - the length of the MIME type string.
mime type byte — a byte 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 id) are defined in Table 101.
Table 101 — Message identifier (message_id) values
Value Description
0x0000 PA message
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Table 101 (continued)

Value Description

MPI messages

For a Package, 16 contiguous values are allocated to MPI messages.
0x0001 ~ 0x0010
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.

MPT messages

For a package, 16 contiguous values are allocated to MPT messages.
0x0011 ~ 0x0020

If the value equals 32 (0x0020), the MPT message carries complete MPT. 0y
If the value equals N where N =1 ~ 15, the MPT message carries Subset—(N;@@WT.
0x0021 ~J0x01FF  |Reserved 2

0x020 CRI message oy

0x02p1 DCI message AQ\)

0x02p2 SSWR message B q;)

0x02p3 AL_FEC message )

0x02p4 HRBM message R\

0x02p5 MC message \C_)V

0x026 AC message kN

0x02p7 AF message /\Q -

0x02p8 RQF message

0x02Pp9 ADC message . \\\\ i

0x02pA HRBM Removal message 0, v

0x02pPB LS message \\\9.

0x02pC LR message . O»Q‘

0x02pD NAMF message

0x02PE LDC message

0x02pF NK message '_Q\CJ“

0x02]10 MRI message -/

0x02{11 CR message~

0x02{12 DRI méssage

0x02{13 DShmessage

0x02[14 ,.:@Q\I; message

0x02[15 ‘é\"’BPR message

0x02 16(/%)‘ PRR message

0x02L2” PSE message

0x0218 CCI message

0x0219 MTR message

0x021A MTN message

0x021B ACR message

0x021C CPD message

0x021D CS message

0x021E RTSP message

0x021F VSAT/VMAP message

0x0220 SL message

0x0221 ~0x6FFF Reserved for ISO use (16-bit length message)
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Table 101 (continued)

Value

Description

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 102.

Table 102 — Table identifier (table_id) values

Value Description
0x00 PA table
0x01 Main PI (Subset 0 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
0x23 SI table
0x24 LC table
0x25 ~0x7F Reserved for ISO use (16-bit length table)
0x80 ~ OXFF Reserved for private use

The Values of descriptor tag are defined in Table 103.

Table 103, — Descriptor tag values

Value Description
0x0000 CRI descriptor
0x0001 MPU timestamp descriptor
0x0002 Dependericy descriptor
0x0003 GFDT descriptor
0x0004 S}descriptor
0x0005 MMT service descriptor
0x0006 Mobile information descriptor
0x0007 Media quality descriptor
0x0008 MPU presentation region descriptor
0x0009 Asset group descriptor
0x000A Access network descriptor
0x000B Subtitle change descriptor
0x000C AT descriptor

0x000D ~ 0x3FFF

Reserved for ISO use (8-bit length descriptor)

0x4000 ~ Ox6FFF

Reserved for ISO use (16-bit length descriptor)

0x7000 ~ 0x7FFF

Reserved for ISO use (32-bit length descriptor)

0x8000 ~0xFFFF

Reserved for private use
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11 Hypothetical receiver buffer model (HRBM)

11.1 General

The HRBM is used to ensure an effective MMT operation under a fixed end-to-end delay and limited
memory requirements for buffering of incoming MM TP packets. The hypothetical receiver buffer model
shall be used by the MMT sending entity to emulate the behaviour of the receiving entity. It is described
in the following subclauses in more detail.

An MMT sending entity shall run the hypothetical receiver buffer model to ensure that any processing
it performs on the packet stream is within the reception constraints in the MMT receiving entity. The
sending entity shall determine the required buffering delay and the required buffer size and shal] gignal
this information to the receiving entities.

At the receiying entity, several buffers are involved in the reconstruction of an MPU from“the MMTP
packets rec¢ived. Some delivery operations, such as FEC coding, interleaving andoretransmission,
introduce d¢lay and jitter that requires buffering at the receiving entity. The hypothetical regeiver
buffer mode] defines operations of the buffers at the receiving entity to ensurethat at any time the
buffer occupancy is within the buffer size requirement. The buffers, whose operation is definedl, are
depicted in figure 23 and are described in detail in 11.2, 11.3, and 11.4. The MMT HRBM is applidd per
each MMTP |sub-flow, i.e. for all MMTP packets of an MMTP flow that share the same packet id. The
actual set ofpuffers is determined based on the configuration of the delivery session for that particular
MMTP sub-flow.

Pr——H s S S s|s MMTP MFU/
Packer MPU
FEC Decoding ) De-jitter MMTP
g Buffer Buffer » Decapsulation

Buffer

Figure 23 — MMT protocol hypothetical receiver model

11.2 FEC decoding buffer

The FEC decpding buffeftis optional and is only required when FEC protection is applied to the MMTP
packet sub-flow (e.g-for packets of a particular asset). FEC decoding is typical for many applicafions,
where lower]layertransmission may not be sufficient to recover messages from channel errors or when
network congestion may cause packet drops or excessive delays. To perform FEC decoding, a buffer is
required wheré&incoming packets are stored until sufficient source and repair symbol data are avajlable
to perform the FEC decoding.

In this hypothetical receiver buffer model, the FEC decoding buffer is optional and shall operate as
follows.

— The FEC decoding buffer is initially empty.

— Incoming packet i with transmission timestamp ts arrives to the FEC decoding buffer. If
buffer occupancy + packet size < max buffer size, accept the packet or otherwise mark the
packet as being non-compliant.

— IfFEC is applied to packet 1,

— determine the source block j to which packet i belongs;
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— determine the insertion time ts of the first packet of source block 5;

— attime ts+protection window time, move all packets of source block ; to the de-jitter buffer;

— discard repair packets.

The protection window time isthe required buffering time that must elapse since the reception of the
first packet of a source block, until FEC decoding is attempted. This time is typically calculated based
on the FEC block size.

11.3

De-jitter buffer

The (lle-jitter buffer ensures that MMTP packets experience a fixed transmission delay
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e output of the MMT protocol stack, assuming a maximum transmission delay. Da
ience a transmission delay larger than the maximum transmission delay mightbe
MT receiving entity.

e-jitter buffer shall operate as follows.
he de-jitter buffer is initially empty.
ccept the MMTP packet as it arrives.

emove the MMTP packet at time ts+a, where ts is the timeStamp of the MM TP packe
ignaled fixed end-to-end delay.

the de-jittering is applied, all MMTP packets thatyarrived correctly or were recovg
retransmissions will have experienced the samé.end-to-end delay.

Annex A shows jitter calculation in MMTP.

MMTP packet decapsulation buffer

IMTP packet decapsulation buffenis used to perform MMTP packet processing befo
ayload to the upper layers. Thie)output of the MMTP packet processing may either
ad (in low-delay operation);-a movie fragment or a complete MPU. The decapsulat
¢ MMTP packet and payload headers) and any required de-fragmentation/de-ag
ackets are then performed as part of the MMTP processing. This procedure may 1
ring delay, denoted.as.decapsulation delay, to reconstruct the data to be passed to th
However, the décapsulation delay is not considered as part of the transmission d
hbility of the datal for consumption by the upper layers will be guaranteed by the enti
PU, regardless of the decapsulation delay.

IMTP packet decapsulation buffer shall work as follows.

he’MMTP packet decapsulation buffer is initially empty.

from source
fa units that
liscarded by

Fand A is the

red through

e delivering
be the MFU
on (removal
pregation of
equire some
b application
elay and the
ty delivering

T

he MMTP packet is inserted into the MM TP packet decapsulation buffer immediately

jittering is performed.

each single data unit.

after the de-

For MMTP packets carrying aggregated payload, remove the packet and payload header and extract

For MMTP packets carrying fragmented payload, the packet is kept in the buffer until all

corresponding fragments are received correctly or until a packet is received that does not belong to
the same fragmented data unit.

is recovered, forward the reconstructed data to the upper layer.
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11.5 Usage of HRBM

Based on the hypothetical receiver buffer model, an MMT sending entity is able to determine the
transmission schedule, the buffer size and the buffering delay A, so that no packets are dropped due to
buffer overflow, assuming a maximum delivery delay in the target path. The MMT sending entity shall
guarantee that packets that experience a transmission delay below a set threshold will be delivered to
the upper layer after a constant delay and without causing the MMT receiving entity buffer to underflow

or overflow.

11.6 Estim

ation of end-to-end delay and buffer requirement

An MMT ser[ding entity shall estimate the maximum expected and tolerable transmission delay
transmission path down to an MMT receiving entity. If FEC is in use, the MMT sending entity‘sha
the FEC buffering delay that covers for the time needed to assemble a source block since FE€-dec

is required
of packets (
delay shall t}

In order to e
to-end delay
entity and t
MMTP packs

11.7 HRBM signalling

After detern

sending entijty shall communicate this information to the MMT receiving entity. This is done

the HRBM s
hypothetica
aligned and
receiving er
signalled fix
assumption

timestamp and the signalled fixed'end-to-end delay.

11.8 HRBM with pacing buffer

As the buffe
further opef
HRBM. Oper|

recover lost MMTP packets. Finally, any delays that might be incurred by fragment
nd other operations) shall be added. The resulting estimation of the MMTP-packet de
en be signalled to the MMT receiving entities as the fixed end-to-end transmission d

fixed end-to-end = maximum transmission delay + FEC buffering time

stimate the resulting buffer requirement, the MMT sending entity shall use the fixed
and subtract the minimum transmission delay for the path)down to the MMT rece
hen estimate the buffer size requirement as the produetZof the maximum bitrate
t stream and the calculated buffered data duration.

buffer size = (maximum delay - minimum del@y)*x maximum bitrate

nining the required buffer size and thé fixed end-to-end delay for the system, an

gnalling message as specified in;10.4.2. The MMT sending entity continuously run
receiver buffer model to verify that the selected end-to-end delay and buffer siz
do not cause buffer under-runs’or overruns. At the MMT receiving entity side, the
tity shall perform the buffering as instructed, so that each data unit experience
ed end-to-end delay A before its payload is delivered to the application layer. Unde
Fhat clocks are synchronized, the output time is then calculated based on the transm

ing of the)excessive media data needs to be stored before the processing of packets fa
ation;sthe proposed HRBM adds an additional buffer in front of the buffers of the M
ption-of the MMTP HRBM including MMTP pacing buffer is as follows;

n the
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The value of the fixed end-to-end delay of the MMTP HRBM is set to the value of delay contri

by the FEC operation

buted

Each MMTP packets shall be stored in the pacing buffer for a specific time decided by an MMTP

receiving entity before any further processing. The amount of time for storing each MMTP packets
are decided by an MMTP receiving entity to maintain the amount of the MMTP packets stored in the
MMTP pacing buffer to the value of target_pacing_buffer_level of the PSF message and delivery rate
of the packets to the FEC decoding buffer to the value of the pacing_buffer_removal_rate of the PRR
message.

The value of the timestamp field of each MMTP packets being delivered to the FEC decoding buffer

shall be increased by the amount of the time such packet actually stored in the MMTP pacing buffer.

146

Rest of operation of the MMTP HRBM is same as the case without using the MMTP pacing buffer.
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12 Cross layer interface (CLI)

12.1 General

Cross layer interface provides the means within the single MMT entity to support QoS by exchanging
QoS-related information between the application layer and underlying layers including the MAC/
PHY layer. The application layer provides information about media characteristics as top-down QoS
information while underlying layers provide bottom-up QoS information such as network channel
condition.

CLI provides the unified interface between the application layer and various network layers including

IEEE[802.11 WiFi, IEEE 802.16 WiMAX, 3G, 4G LTE, etc. Common network parameterg of popular
netwprk standards are abstracted as the NAM for static and dynamic QoS control ofed]-time media
appligation through any network.

12.2(Cross layer information

12.2.1 General

MMT|defines an interface for exchanging cross layer information betWweéen the application layer and the

unde
infor
funct
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The ¢
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packe
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The U
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layer,

12.2,

lying network layer. The interface allows for top-down as(wgll as bottom-up flow o
mation. The cross layer information provides QoS inforniation that may be used by
ions to optimize the overall delivery of the media data;MMT entities may support t
oss layer information.

2 Top-down QoS information

pplication layer provides top-down QoS information about media characteristics t
5. There are two kinds of top-down infermation such as Asset level information (e
t level information. Asset information is used for capability exchange and/or (re)
rces in underlying layers. Packet le¥él top-down information is written in the approq
packet for underlying layers to-indentify QoS level to support.

3 Bottom-up QoS information

nderlying layers previde bottom-up QoS information to the application layer about t
brk condition whieh "enables faster and more accurate QoS control in the appli
m-up information”is represented as an abstracted fashion to support heterogene
onments. These parameters are measured in the underlying layers and read by thg
periodically or on request of the MMT application.

4 Network abstraction for media (NAM)

f cross layer
the involved
his interface

b underlying
g. ADC) and
hllocation of
riate field of

ime-varying
cation layer.
bus network
e application

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.

12.2.4.2 Absolute NAM

Absolute 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.
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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-less and informs tendency of change.

12.2.5 Syntax
The CLI information is exchanged using a Network Abstraction for Media (NAM) or a relative NAM.

The syntax of the absolute parameters for NAM is defined in Table 104.

Table 104—Absolute NAM

Syntax Size (bits) Mnemonic
NAM {
CLI id 8 unisigned integer
available bitrate 32 float
buffer| fullness 32 float
peak_bjtrate 32 float
averag¢ bitrate period 16 unsigned integer
current delay 32 float
SDU_sife 32 unsigned integer
SDU _ldss_ratio 8 unsigned integer
generation_time 32 unsigned integer
BER 32 float
}

The syntax qf the relative parameters for NAM is defined in Table 105.

Table 405 — Relative NAM

Syntax Size (bits) Mnemonic
relative NAM {
CLI id 8 unsigned integer
relatiye bitrate 8 float
relatiye buffer fullness 8 float
relatiye peak bitrate 8 Float
average¢ bitrate period 16 unsigned integer
current delay 32 float
generation’ time 32 float
BER 32 float
}

12.2.6 Semantics

CLI_id - is an arbitrary integer number to identify the underlying MMT delivery network for the MMT
protocol session.

NOTE Identification of MMT protocol session is outside the scope of this document.

available bitrate — is the instantaneous bitrate at measured generation time that the scheduler of
the underlying network expects to be available for the MMTP session which carries the MMTP packet.
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The available bitrateisexpressed inKkilobits per second. Overhead for the protocols of the underlying
network is not included.

buffer fullness - signals the buffer level of the generating function. The buffer is used to absorb any
excess data caused by the data rates above the available bitrate. The buffer fullness is expressed
in bytes.

peak bitrate -is maximum allowable bitrate at measured generation_time that the underlying network
is able to handle temporarily as input from to the MMTP session which carries the MMTP packet. The
peak bitrate is expressed in kilobits per second. Overhead for the protocols of the underlying network
is not included.
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13 MMTP Session Setup and Control over Unicast

ge bitrate period - provides the period of time over which the average bitrate ofth
procotol session that carries the MMT packet shall be calculated. The
ge bitrate period is provided in units of milliseconds.

nt delay - is measured transport time for delay between the last Hop networl
Ving entity. The current delay is expressed in milliseconds.

ize — specifies the length of the service data unit (SDU) in which-the’underlying net
[MTP packet over the MMTP session. It is expressed in bits. Overhead for the pro
Flying network is not included.

oss_ratio — is a fraction of SDUs lost or detected as €froneous. Loss ratio of M
e calculated as a function of spu_loss ratio and spus~eize. The spu loss ratio is
ntile.

ation_ time - is generation time of the current'\NAM which is based on the NTP tim
ation time is expressed in milliseconds.

ive bitrate - the available bitrate~cHange ratio (%) between the current N
ous NAM parameter.

ive buffer fullness - the remaining buffer fullness change ratio (%) between
and the previous NAM parameter.

ive peak bitrate — the:feik bitrate change ratio (%) between the current N
ous NAM parameter.

bit error rate is thelast measured BER at the PHY or MAC layer. For BER from the P
shall be presented/as a positive value. For Ber from the MAC layer, this value shall be
ptive value of which the absolute value is to be used.

e input of
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13.1

Session Description for MMTP

The SDP defines a widely used format for describing media sessions and is defined in.[13] This section
defines the SDP parameters that can be used for describing MM TP sessions.

Ther

equired SDP parameters for describing an MMTP session are:

— The destination information, consisting of the destination IP address and port number

An indication that the session is an MMTP session

— The version number of the MMTP protocol used in the current MMTP Session

The optional SDP parameters are:

The start and end time of the MMTP session

© ISO/IEC 2023 - All rights reserved
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— Bandwidth specification
— Description of the object flows of the MMTP sessiona

An MMTP session consists of one or more object flows, each of which is identified by a unique packet
identifier. The packets that belong to the same object flow use the same packet identifier and build a
sub-flow of the MMTP flow.

The description of the SDP parameters is provided in the following sections.

13.1.1 MMTP Protocol Identifier

The ABNF syntax for the "m="line as specified by[13] is defined as follows:
media-figld = "m="media SP port {"/" integer] SP proto 1*(SP fmt) CRLF
proto = [UDP/MMTP" | “UDP/TLS/MMTP”

The "MMTPJUDP" protocol identifier specifies that the session being describedy-will use the MMTP
protocol on fop of a UDP connection. The "fmt" list may be used to describe the object flows that are
delivered as|part of the MM TP session.

13.1.2 Objé¢ct Flow Semantics

An MMTP sgssion consists of an MMTP flow that is delivered during a designated period of tim¢ that
is indicated py the session start and end time or through external means. Each MMTP sub-flow carries
objects of an object flow. An object flow is composed of a set.of related objects that are meant|to be
consumed tdgether by the receiver. An object flow may carxy‘objects of one of the following types

— Media opjects that are formatted as fragmented ISOBMFF files and that are meant to be consfiimed
sequentjally. In MMT terms, MPUs would constitute the objects of such an object flow, whiich is
named gs Asset.

— The obje¢ct flow consists of generic objects that are meant to be consumed simultaneously|or in
sequenceg.

— Theobjdctflow consists of objectsthatcarry signaling messages thatare relevant to the consumjption
of the MMTP flow.

— The objgct flow carries FE€repair packets.

The SDP destriptors enables-providing basic descriptive information about the object flow. The rglated
SDP parameters are described in the following section.

13.1.3 Objéct Flow'Descriptors

The "fmt" figlduin the media line is used to identify the relevant object flows of an MMTP session gnd to
indicate its type. In addition, a textual description of the object flow may be provided separately. The
ABNF syntax of the object flow description is defined as follows:

of-descriptor = "a=of:" fmt SP of-identifier SP type-indicator CRLF
of-identifier = "flowid="1*DIGIT

type-indicator = "type="type ["/" subtype]

type = "MPU" / "GF" / "Signaling" / "FEC"

The flowid is set to the packet_id of the MMTP sub-flow that carries the objects of this object flow.
The type of the object flow corresponds to one of the object flow types described in Section 12.2. The
subtype field is a type specific optional field that can be used to indicate a more specific type of the
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object flow. As an example, a subtype "MP" of type "signaling" may be used to indicate that the object
flow carries (possibly among others) the MP tables of this MMTP session.

13.1.4 SDP Syntax Examples

This section gives examples of the use of SDP attributes to describe an MMTP session.

v=0

o=user 6431641313 1 IN IP4 10.10.52.13

s=An MMTP session

t

S

=

S

S

S

S

S

The S
set of
mess
7623
7625
carri
flows

13.2

13.2,

1411639200 1427277600

=source-filter: incl IN IP4 *10.10.52.13

h=application 12345 MMTP/UDP 100 101 102 103 104

=0f2100 flowid=0 Signaling/PA

=0f:101 flowid=7623 MPU

=0f:102 flowid=7624 MPU

=0f:103 flowid=7625 GF

=0f:104 flowid=7626 FEC

5 object flows. The first object flow, which has the packet_id 0, is the flow that carn
hges and in particular PA messages thatrdéescribe the MMT services. Object flows wi
and 7624 carry media data of 2 different assets using the MPU mode. Object flow w
carries generic files that are carried’lising the GFD mode. Finally, object flow with pa

bs FEC repair data for one or more‘other object flows. The description of the FEC prof
is provided through the FEC sighaling message.

RTSP

1 General

The RTSP is an application level protocol for starting and controlling delivery sessions

medi
medi

RTSP

h data. RTSP-can control either a single or multiple time-synchronized streams o
h. RTSP telies on SDP for describing these streams.

may.be used to setup and control MMTP sessions. If RTSP is supported then:

DP fragment shows an example SDP instancefor an MMTP session. The MMTP sessign declares a

ies signaling
th packet_id
th packet_id
cket_id 7626
ected object

of real-time
f continuous

— D

S
TEARDOWN

Eamaee
methods

AY, PAUSE, and

MMT sending and receiving entities should implement the SET_PARAMETER method

MMT sending and receiving entities shall support SDP as the session description format and shall
include that as part of the Accept header field

The SETUP request shall include the “MMT receiving entity_port” parameter and the response
should include the “MMT sending entity_port” parameter. The former shall indicate the UDP port on
which the MMT receiving entity wishes to receive the MMTP flow and the latter shall indicate the
UDP port on which the MMT sending entity wants to receive feedback messages.

The MMT sending and receiving entities shall support the “utc” and the “mmt” range formats
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13.2.2 MMT Range Format

The mmt range format may be used to select the starting and ending range of media data to stream using
the packet_id and the MPU sequence number. The MMT sending entity shall deliver media starting from
the indicated MPU. It shall also deliver the media from other sub-flows maintaining synchronization,
i.e. starting from MPU with the highest start time less than the selected MPU start time.

The mmt range has the following ABNF syntax:

“« «

mmt-range = ( mmt-pos -“ [ mmt-pos | ) [ ( “-“ mmt-pos )

- C — nnr'lzof' 1'/‘] ”-”mnn SRAOLILNCO. nnmhor
mmt-pos—=p — BU_seq .

13.2.3 MMT sub-flow Parameter

The MMT sub-flow parameter is used to select the sub-flows that the MMT receiving-entity wishes to
receive fron) the MMT sending entity. It is used both in the SETUP request as part of the Transport
header field pr is send as part of the SET_PARAMETER message body.

The MMT sup-flow parameter has the following ABNF syntax when used in the Transport header field:
MMT subflow_parameter= “MMT_subflows” “=” 1¥(packet_id “,”)

It has the folJowing ABNF syntax when used with the SET_PARAMETER'method:
MMT _supflow_parameter= “MMT _subflows” “:” 1*(packet_id “%)

When present, the MMT sending entity should only include'the MMT sub-flows that are requested by
the receiver| unless these sub-flows are carrying signaling messages. Sub-flows carrying signaling
messages capnot be turned off/removed from the transniission.

13.3 WebSpockets for MMTP

13.3.1 Gengral

WebSockets|2Z] may be used to setup.and control an MMT session/presentation. When WebSockets are
used for sesgion control, media delivery is multiplexed together with the control protocol as part pf the
same connegtion.

An example jise case of MMT over WebSocket is described in Annex I.

13.3.2 Upgrade to MMT over WebSocket

The MMT spib-protocol shall be identified by the name “mmt” in the handshake request. A [MMT

receiving enfity, wishing to use WebSockets for controlling an MMT session shall include the keyword
“mmt” as pa - - i i prade

request.

The following is an example of a WebSocket handshake in which the MMT receiving entity requests an
upgrade to MMT sub-protocol over WebSockets from the MMT sending entity:

GET / HTTP/1.1

Host: mmt.mpeg.org

Upgrade: websocket

Connection: Upgrade

Sec-WebSocket-Key: dFhmILNhbYCsXSBub25jZQ==
Origin: http://www.example.com
Sec-WebSocket-Protocol: mmt
Sec-WebSocket-Version: 13
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The response from the MMT sending entity for a successful upgrade may look like this:

HTTP/1.1 101
Switching Protocols
Upgrade: websocket

C
S
S

onnection: Upgrade
ec-WebSocket-Accept: p3sPMLciToaR9kXGzhzYRbL+x0o0=
ec-WebSocket-Protocol: mmt

13.3.3 Framing in the MMT sub-protocol

13.3.8.1 Encoding

After|a successful upgrade of the protocol to MMT over WebSockets, the MMT receiving’ent
sending entity are able to exchange MMT data frames over the established WebSécket con
MMT]sub-protocol shall use the ‘binary’ format (opcode ‘binary’ or any ‘contifiiation’ fraj
for all messages exchanged over the WebSocket connection.

13.3.

The ]
over
Figur

3.2 Frame Format and Semantics

IMT sub-protocol defines a frame structure that is used te~frame the payload for t
binary WebSocket frames. The MMT sub-protocol frame ¢onsists of a frame header a
e 24 and frame payload. The frame header shall be provided as WebSocket frame Ext

which shall be present and of which the size can be determined as 4+4*EXT_LENGTH byte

the M

0
0
+_

+
V]
+

+ —

+ —
|
+

+ - —
|
+

The N

vV (2

MT sub-protocol frame header.
1 2
1 2 3 45 6 78 9 012 3 46 7 8 9 0 1 2 3 4 5 6 7
e s a e e et s e e e e T
ID| CMD CODE | EXT LENGTH |

e s T e e e e e e e e o e e S T i

Extension (JSON encoded parameters+padding)
e s a e e e o HE e e i T S T i

Application Data
e S N T e T e e e e e
Figure 24 — MMT sub-protocol frame header

IMT sub-protocol frame header is defined as follows:

bi€e) - The version number of the MMT sub-protocol. The current version number s

ity and MMT
nection. The
mes thereof)

ransmission
5 depicted in
ension Data,
5 as given by

9 0 1
-+ -+
-+ -+ |

-+ -+

R s

hall be set to

‘00",

D (1 bit) - The data bit indicates if the content is data or control. If the data flag is set then the payload

shall

be the MM TP packet and CMD_CODE should be set to 0x1F.

CMD CODE (5 bits) - Indicates the control command that is sent in this request/response. The following
commands are currently defined. The command codes are defined in the table below.

Table 106 — MMT WebSocket Sub-protocol Commands

Command Code | Value Description

A request by the MMT receiving entity to the MMT Sending entity to request the
DESCRIBE 1 description of the MMT Package. The extension header shall contain the “url”
parameter that provides the URL of the MMT package that is requested.
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Table 106 (continued)

Command

Code | Value Description

START

the range parameter “range” and a selection of the sub-flows “packet_id”.

Request the start of the transmission of the MMTP flow. The parameters that
are included in the extension header are the URL that identifies the MMT Pack-
age provided by the parameter “url”. Optionally, the request may also include

This message goes from the MMT receiving entity to the MMT sending entity.

STOP

id. The packet ids are comma separated.

Stop the transmission of the MMTP sub-flows that are identified by the packet_

An nrknnwlpdgmpnf by the MMT qr—\nding entity to the MMT receiving entit

ACK

that confirms the acceptance of the previous request.

FEEDBA

The MMT receiving entity periodically transmits feedback to the MMT"send
entity to inform about the current buffer level and the current playbaek pos
tion. The payload shall be the NAMF message.

CK

ing

—

EXT LENGTH
data. The ex
current fran
header.

13.3.4 Sub

Websockets

following information:

Subprotocol
Subprotocol

Subprotocol
this section.

13.4 Multi

13.4.1 Gen

Multiple trapsport connectionsyitsing multiple network interfaces can be established between the

sender and {
In addition,
performancg

(8 bits) - Provides the length in 4 bytes of the extension data that precedes the applid
tension header must be a JSON encoding of additional information fields that apply t
he. To align with 4 byte boundaries, padding 0 bytes may be added after the exte

protocol Registration

27] requires that sub-protocols be registered withr thé IANA. The registry require

Identifier: shall be set to “mmt”
Common Name: shall be set to “MMT”

Definition: shall refer to the specification of the WebSocket MMT subprotocol as defir

path Support in MMTP

bral

he MMT receiver so data can be sent faster and in a reliable fashion to the destin
MMT application can be made link aware i.e. the application can have visibility

types of pa
capability,

the possible nétwork paths are performing bad.
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load (MMT asset types) can be transferred on which network path (interface). Witl
MT application can dynamically change the network path if it finds out that one or m

ation
o the
nsion

s the

1ed in

MMT
ation.
into

of each of‘the multiple network paths and make informed decisions as to what difflerent

0 this
bre of
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Figun

Figure 25 — Multipath Delivery-in MMT

e 25 shows an architecture diagram for multipathdelivery in MMT. Multiple transport

canb
on th
trans
for d

e setup between the MMT sender and MMT receiver using different network interfa
e MMT sender and the MMT receiver. Different\packet flows of the multimedia data st
ferred on different transport connections thus using multiple network interfaces (pat
ita delivery. Upon receiving packet flowson different network paths, MMT receiver

pern
The

twork quality statistics (QoS, QoE etg,) and give this information as feedback to the
MT sender can use per network pathfeedback to make informed decisions for sendin

packets of different packet flows. If onesnetwork path performs poorly during the course o
a different network path can be chesen for subsequent packet delivery. As a result, poor

of on
impa

For s
sessi

e network path does not impact the overall quality of media delivery, and therefore ha
Ct on the end user experience.

ipporting multipathidelivery in MMT, control protocols (signaling protocols) for setf
ns have to be enhanced to support multipath setup capabilities. MMT sessions can bg

signalling protocols such as RTSP and HTTP. This section presents how two communicatin

negof
feedh

13.4.

ack message enhancements for supporting per network path feedback.

2 Multipath Negotiation

connections
ces available
ream can be
hs) available
Can compute
MMT sender.
r subsequent
f the session,
berformance
s no adverse

ing up MMT
e setup using
b parties can

iate multipath.capabilities and setup a MMT multipath session. In addition, it also foclises on MMT

MMT

1 LAAMNAT 1 - Y L1 NAANAT - LAAMNAT - - A ). 1 111 '1' -
SCITATT (IVI1VI I SCITUIITE CITCICY J alITt IVIIVI I TC©CCIVET (IVIIVI I T CCCIVIITE Ity sioura [1ave capabl 1ties

to negotiate for multipath MMT setup. This negotiation is performed during the MMT session setup
using signaling protocols such as RTSP and HTTP.

13.4.2.1 Multipath Feature Discovery

If RTSP is used as the signaling protocol, the MMT receiving entity and MMT sending entity can mutually
discover multipath capability support by sending OPTIONS request to each other. As OPTIONS request
can be generated both by the MMT sending entity and the MMT receiving entity, the OPTIONS request
becomes a good candidate method for enquiring about multipath feature support. We propose to
register a new option tag called “multipath” with IANA to be used in the Require header of an OPTIONS
request as shown below

Require: multipath
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For an OPTIONS request from one party with option tag “multipath”

1.
2.

If the other party supports multipath feature, it shall respond with an affirmative response.

13.4.2.2 Session Setup with Multipath

If the other party does not support multipath feature, it shall respond with Unsupported header.

For setting up a multipath MMT session, the MMT receiving entity and MMT sending entity need a
mechanism for exchanging the body description (using SDP with RTSP and HTTP) and a mechanism for
correlating flows on different network paths.

13.4.2.2.1

For a session description request from a MMT receiving entity, the MMT sending entity,should s

standard SD
to use a mu
“multipath”

a=multif

where <
entity fd

In the SDP,
interfaces a
attributes sy
with media 5
supports my
and that thd
indicated by

Once the M]
attribute, th
each to each
request tor
use multipat

1. IfRTSP

to use nultipath delivery, the MMT receiving entity should send multiple SETUP requests t

MMT se
interfac

If HTTP

entity iptends)to use multipath delivery, the MMT receiving entity should send multiple

ody Descriptions

if it does not intend to use multipath session. However, if the MMT sending entity in
tipath session, the MMT sending entity should send an SDP with a new;attribute
vith syntax as shown below.

ath:<value>

yalue> gives the maximum number of distinct interfaces supported by the MMT se
r multipath delivery

the MMT sending entity should include media descriptions for each of the mult
given by the multipath attribute. For synchronization of different media streamg
ch as “group” and “mid” (media stream identificatien) shall be used. These attributes
pecific connection information tells the MMT:teceiving entity that the MMT sending ¢
Itipath with interface grouping as specifiéd-with “group” and “mid” attribute semd
MMT sending entity would use multipleinterfaces to receive packet data in the f¢
the payload type values in the respective media descriptions.

UT receiving entity receives SDP\ffom the MMT sending entity, based on the mult
e MMT receiving entity can setup multiple connections to the MMT sending entity
of different network end points'specified in the SDP. Further, the MMT receiving entit
pceive data from the MMT. sending entity on different interfaces of its own if it inter
h delivery.

s used as the signaling protocol for session setup and if the MMT receiving entity in

hding entity with different transport header values to receive data on different net
S,

and WebSockets is used for setting up unicast MMT sessions and if the MMT recsg

end a
tends
alled

hding

ipath

SDP
along
entity
intics
rmat

ipath
- one
y can
ds to

tends
o the
work

iving
HTTP

upgrade

requests to the MMT sending entity to receive data on different network interfaces.

When a MMT receiving entity makes multiple SETUP requests (RTSP) or multiple WebSockets requests
(HTTP) for multipath capabilities, the MMT sending entity should always be able to deliver the data to
different network interfaces of the MMT receiving entity as requested in the corresponding signaling
messages. Using RTSP and HTTP signaling methods described above and the new SDP attributes and
option tags described in this contribution before, the MMT receiving entity and MMT sending entity
can setup multiple network paths for data delivery.

13.4.2.2.2 Correlating Multiple Flows

To help the MMT receiving entity and MMT sending entity setup multipath delivery, there is a need
to correlate flows on different network interfaces. To correlate flows on different network paths, the
MMT receiving entity should include a new header field called “Multipathld” in the corresponding
signaling request message. This new header field should be included in all the session setup messages
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that the MMT receiving entity sends to the MMT sending entity and have the same value in all the setup
request messages. When the MMT sending entity receives multiple setup messages with the same value
for “Multipathld” header, the MMT sending entity should recognize that the MMT receiving entity is
intending to use multipath delivery and that the MMT sending entity should be able to send data to
those multiple network interfaces of the MMT receiving entity.

Similarly, if the MMT sending entity intends to use multipath, the MMT sending entity should include
“Multipathld” header of its own in all the response messages to the MMT receiving entity. The values of
“Multipathld” header in all response messages from the MMT sending entity should be identical. When
the MMT receiving entity sees that the MMT sending entity is sending responses with “Multipathld”
header, the MMT receiving entity should recognize that the MMT sending entity is intending to use
multipatir—dehvery—feature—amd—that—=tflows—thatTesultbecause—of the—corresponding signaling

messhges belong to the same MMT session.

13.4.8 Session Modification with Multipath

It is gossible that MMT receiving entity and MMT sending entity intend to enable or disabl¢ support for
multipath during the session.

a) Add multipath support during the session

The MMT receiving entity and MMT sending entity open a transport connection (TCR or UDP) for

o

b) Modify multipath supportby adding or removing interfaces

T

i

ata delivery using RTSP or HTTP signaling protocol withdut using multipath capabili

he MMT receivingientity and MMT sending entity can add or drop network path
dlready using multipath delivery.

MMT receiving entity proposal for multipath: During the session if the MMT rec

[1es.

piving entity

likes to use multipath delivery feature, the MMT receiving entity can check the multipath

capabilities of the MMT sending entity as déscribed in section 1. If the MMT rec
and MMT sending entity decide to use multipath delivery, the MMT receiving ent
sending entity should setup multiple network paths as described in section 1 M
entity proposal for multipath: If duringthe session the MMT sending entity likes to u
delivery feature, it can check multipath capabilities of the MMT receiving entity as
section 1 The MMT sending entity*should then send a new message body (SDP wi
attribute) with updated media‘description information to specify multipath capa
MMT receiving entity elects'to use multipath, it can setup multiple connections as
section 1

MMT receiving entity: The MMT receiving entity can drop a network path
termination messages to the corresponding signaling setup messages. For such
messages for a network path, the MMT sending entity should send an affirmative g
coritinue using the remaining network paths for data delivery.

piving entity
ty and MMT
IMT sending
se multipath
described in
h multipath
ilities. If the
described in

5 if they are

by sending
termination
esponse and

MM T semdingentityr The MM T sendingentity camadd or drop network paths by

nnouncing a

new SDP and ask the MMT receiving entityMMT receiving entity to setup connections based on

modified SDP as described in section 1

c) Drop multipath support during the session

The MMT receiving entity and MMT sending entity can drop multipath support during the session.
The MMT receiving entity can do so by 1) terminating all network paths and setting up one path
for data delivery or 2) terminating all but one paths and modifying the remaining path to carry
required payloads. The MMT sending entity can drop multipath support by sending a modified
media description (using SDP without the “multipath” attribute). For such multipath dropping
requests from either of the parties, the other party should recognize that the former is intending to
drop multipath feature support for the session from the former’s end.
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The support for multipath is mutually exclusive between the MMT receiving entity and MMT sending
entity i.e. the MMT receiving entity and MMT sending entity can indulge in multipath irrespective of
other party’s preference for multipath delivery. If a party does not have multiple interfaces or would
not like to use multipath delivery feature, it can ignore to include the “Multipathld” header field in its
outgoing messages. However, if the other party includes the “Multipathld” header, it should be able to
identify that the other party is requesting for multipath support and therefore should be able to stream
packet data to multiple interfaces of the other party.

13.4.4 Feedback Message Enhancements

The MMT sender and MMT receiver setup multiple network paths as described in section 13.2 to
support mulftipath delivery. When MMT receiver starts receiving data on those multiple paths, It can
keep track of the quality information (e.g., QoS, QoE statistics) for each network path. This quality
information [for each network path can be sent back to the MMT sender so the MMT sender has hetter
visibility into performance of each network path. With this information, the MMT sender can take
necessary agtions e.g., re-transmit lost packets on a given network path, transport packet flowg on a
different nefwork path etc. This specification describes a method for receiver feedback to the sender
using the ARQ (signaling and feedback) messages and Reception Quality Feedback. However, in the
current spe¢ification, these messages carry feedback information for one network path on whigh all
the packet flows are transported. Therefore, there is a clear need for enhancing the receiver feeglback
messages tolaccount for multiple network paths between the sender and-the receiver. In particuldr, the
following enhancements have to be supported:

1. The recgiver should be able to compute quality information on@path-by-path basis.

2. The recgiver should be able to send ARQ feedback messages consisting of multiple packet floys. In
addition), the receiver should provide path identifier information for each flow. When the s¢nder
receivesupdated ARQ feedback messages (consisting.of packet flows and network path identifiers),
it should be able to perform corrective actions on apath-by-path basis.

3. The recgiver should be able to send Reception Quality Feedback for multiple network paths. In
addition), the receiver should provide path-identifier information and flow identifiers for each|flow.
When tHe sender receives the reception quiality feedback information, it should be able to recognize
quality information for each different'nietwork path and take corrective actions on a path-bypath
basis.

14 CDN Suypport

14.1 General

Many of the [CDNs nowadays support the HTTP/1.1 protocol exclusively. Several of them have regently
started to add support for the HTTP/2 protocol. TLS and SSL are also widely supported to enable
serving contlent Securely over an encrypted channel. However, little or no CDNs offer support for pther
protocols a

especially those based on UDP.

When using MMT, content can be streamed using the MMTP protocol over UDP or over TCP. A viable
approach is to use WebSockets to migrate an HTTP session into an MMTP over TCP session (see
Annex [). The WebSockets protocol serves as an enabler to assure this migration and convert an HTTP
session into a plain TCP connection.

In order to integrate MMT into existing CDNs, a solution based on load balancing provides a viable
alternative. Connections are established to a load balancer, which provides the front end for incoming
traffic requests. Load balancers may use different techniques such as DNS to route the traffic through
the most appropriate computing instance, usually based on availability and proximity to the requesting
client. The serving computing instance may get its content from regular CDN edge nodes and convert
the traffic to MMTP flows.

Figure 26 depicts such an instantiation.
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Signalling messages may be used to support the conversion between cached objects and MMT assets

served over MMTP flows.
Client
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Figure 26 — MMT integrationin CDNs

14.2| DNS Resolution of MMT URLSs

14.2.1 General

When the MMT receiving entity consumes the/MMT based media streaming service over the Internet,
MMT] receiving entity should do the mediassource URLs resolution process. In order fo that MMT
receiying entity should request the DNS guiery message to DNS or MANE DNS. DNS or MANI DNS should
respdnse the both [P address of media\source MMT and MMT-specific media source infofmation (e.g.
MMT) Package_id, Asset_id, MPU_sequence_number) by using DNS response message. In thiis clause, we
descijibe the DNS message for supporting MMT URL resolution.

14.2.2 DNS query message for MMT URLs

When the MMT receiving entity wants to receive the contents from the origin media soufrce provider
server, MMT receiving entity should request media source URL resolution to DNS or MANE DNS. By
using DNS query«message, MMT receiving entity can send the media source URL informatjon to MANE
DNS. DNS query«message is composed of three entities: QNAME, QTYPE, and QCLASS. QNAME indicates
the domainsname part of a uniform resource locator (URL) which called a fully qualified domain
namg (FQDN). QTYPE indicates the type of the query, i.e. the type of RR which should beg returned in
respgqnses. QCLASS indicates the class field such as IN for internet.

14.2.3 DNS response message for MMT URLs

The DNS response message is used to deliver the media source URL resolution result to MMT receiving
entity. By using resource records, MANE DNS or DNS answering the query message from the MMT
receiving entity. In order to enable DNS resolution of the URLs of media source that are potentially
delivered over MMTP, a set of DNS Resource Records need to be used.

Service (SRV) resource records (RR) enable to specify the location of the servers for a specific service,
protocol, and DNS domain.

The MMT SRV RR follows the format specified as follows:

_MMT(Service).proto.name TTL class SRV Priority Weight Port target
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The _Service field specifies the name of the desired service, such as http or telnet. Some services are
defined as defined in Assigned numbers or locally. The _Proto field specifies symbolic name of the
desired protocol, such as TCP or UDP. The Proto is case insensitive. The Name field specifies the domain
name to which the resource record refers. The TTL (Time to Live) field specifies the time interval that
the resource record may be cached before the source of the information should again be consulted. The
class field identifies the type of resource record. SRV records occur in the IN Class. The Priority field
specifies the priority of the origin media source location or server. Clients attempt to contact the host
with the lowest priority. The Weight field is a load balancing mechanism. When the priority field is the
same for two or more records in the same domain, clients should try records with higher weights more
often, unless the clients support some other load balancing mechanism. The Port field shows the port of
the service on origin media source location or server. The target field shows the fully qualified domain
name for thg¢ host supporting the service. The target also contains the origin media source locatjon of
media source for MMT streaming service that carries the resource as part of the domain nafe’pf the
internet that is serving the content over MMTP.

The following is an example of an SRV RR for the MMT streaming service:
mmt._udp.example.com 14400 IN SRV 1 100 53 a123.origin.example.com.

Uniform Resppurce Identifier (URI) RR is an alternative to the SRV RR whereby the returned URI s{rings
may be used directly by the requesting application unlike the SRV RR in shich the useable URI|must
be assembled from the search and results information. Similar to the SRV RR it returns both weight
and priority| values which can be used to select an appropriate URI%nom multiple results. However,
unlike the SRV no port number is returned in the URI RR(s) since this information is contained (Where
appropriate) in the URI string.

The MMT URI RR follows the format specified as follows:
Owner-jame TTL Class URI Priority Weight Target
The service |nformation is encoded in owner name.
The followinig is an example of an URI RR for thée/MMT streaming service:
_mmt._udp IN URI 0 10 "mmt://al123.oxigin.example.com://53/packagel/assetl/1.mpu"

The responge also contains an Addtess (A) or [IPv6 address (AAAA) record for the target gnd it
correspondg to the IP address of the\niedia source location.

The A RRis gpecified to follow-the following format:

owner-rlame ttl classripv4

The following is an exaniple of a corresponding A RR:

al23.origin.example.com 14400 IN A 10.100.20.1

Additionall MMT

receiving entity, containing MMT specific information. The following parameters are defined:
The TXT RRis specified to follow the following format:

Owner class ttl TXT "<attribute name>=<attribute value>"

An example of such a TXT RR is given as follows:

al23.origin.example.com IN 14400 TXT "IP_address_range=10.20.0.1~10.20.0.100"
al23.origin.example.com IN 14400 TXT "mmt_package_id=1"

al23.origin.example.com IN 14400 TXT "asset_id=1"

al23.origin.example.com IN 14400 TXT "Starting_number_of_mpu_sequence =1"
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al23.origin.example.com IN 14400 TXT "End_number_of_mpu_sequence =10"

In TXT RR, IP_address_range provides IP address ranges information of client. mmt_package_id
provides unique identifier of the Package to MMT receiving entity. asset_id provides identifier of Asset
which is included in the current MMT_package.

starting_number_of_mpu_sequence indicates the first MPU sequence number of each asset and

end_number_of mpu_sequence indicates the last MPU sequence number of each asset.

14.2.4 DNS update message of MMT URLs

Wher the MMT receiving entity requests a media source URL resolution to a DNS or a MANE DNS, then
the (MANE) DNS should resolve the media source URL referenced by the media resoutce iflentification
information. If the (MANE) DNS does not have the media resource identification information which is
requgsted by the MMT receiving entity, then the media resource identification informatipn should be
updaged using the DARI proxy or the Name Server which provides actual mediarvesource iflentification
information. By using DNS update request message, the DNS or MANE DNSycan request|the updated
medip resource identification information from a DARI proxy or Name(Server. After thel DARI proxy
or Ngme Server receives the DNS update request message, it should(check the request gnd send the
updated media resource identification information by using DNS update response messagg.

14.2.5 Media Resource Update (MRU) Message

When the MANE DNS received the updated media resource’identification information which is given
by MMT sending entity or MANE (i.e. DARI proxy), MANE DNS should send the updated media resource
identjfication information to MMT receiving entity, By using Media Resource Update (MRU) message,
MANE DNS can notify the updated media resource\identification information to MMT recgiving entity.
The gyntax for MRU message is shown in Table 107.

14.2.5.1 Syntax

Syntdx of the MRU message is shown.inTable 107.

Table 107 — MRU message syntax

Syntax Value Nl;)i.tgf Mnemonic
MRU message () {
ssage_id 16 uimsbf
rsion 8 uimsbf
length 16 uimsbf
mesgage payload{
ip addr flag 1 boolean
application_flag 1 boolean
client flag 1 boolean
target client{
if (ip_addr flag) {
if (ip addr version == 00) {
start_ipv4 src_addr 32 uimsbf
end ipv4 src_addr 32 uimsbf
}else if (ip addr version == 01) {
start _ipvé src_addr 128 uimsbf
end_ipvé_src_addr 128 Uimsbf
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Table 107 (continued)
Syntax Value Nl:).' of Mnemonic
its
}
}
if (application flag == 1) {
application_id 32 Uimsbf
}
if (client flag == 1){
identifier 16 Uimsbf
}
Number of URLs N1 32 uimsbf
for [i=0; 1<N1; i++){
mmt URL()
réquest_type 3 uimsbf
if ((request type == “001b”) ||
(request type == “000b”)) {
MMT general location_info()
}
if ((request type == “010b”) ||
(request type == “000b”)) {
access_network descriptor() 4 uimsbf
}
if ((request type == “011b”) ||
(request type == “000b”))_{
media resource infof
MMT package id{ N1
MMT package id length 8 uimsbf
for (1=0%J1<N1; i++) {
MMT ‘package_id byte 8 uimsbf
}
}
number of assets
for (i=0; 1i<N2; i++) { N2
——————asset—id{}
start _mpu_sequence 32 uimsbf
end _mpu_segquence 32 uimsbf
}
}
}
reserved 8 uimsbf
}
}
}
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14.2.5.2 Semantics
message id -indicates MRU message ID. The length of this field is 16 bits.
version -indicates the version of MRU messages. The length of this field is 8 bits.

length -indicates the length of the messages in bytes, counting from the beginning of the next field to
the last byte of the ECC message. The value “0” shall not be used for this field

ip addr flag-indicates whether IP addressisincluded or not. Ifitis setto ‘1, the IP address is included.

application flag - indicates whether application id is included or not. If it is set to ‘1’, the application
id is ipctuded:

clieft flag - indicates whether client id is included or not. If it is set to ‘1, the clientdd s included.

stary ipv4 src_addr - This field is the IPv4 address of the sender of the packet: It is the start IPv4
addre¢ss of IPv4 address range.The length of this field is 32 bits.

end jpv4 src_addr - This field is the IPv4 address of the sender of the packet! It is the start |[Pv4 address
of IPy4 address range.The length of this field is 32 bits.

starf ipvé src_addr - This field is the IPv6 address of the sender of the packet. It is the start IPv6
addr¢ss of IPv6 address range.The length of this field is 128 bits;

stary ipvé src_addr - This field is the IPv6 address of the sender of the packet. It is the end IPv6
addrg¢ss of IPv6 address range.The length of this field is 128 bits.

appljcation id - indicates a unique application 1D<which is uniquely identifies applicption on the
devide and in MMT.

idenyifier — indicates a 16-bit identification.fi€ld generated by the device that creates the|DNS query.
numbgr of URLs - provides the number of T urLs which should be updated.
mmt_yrl — indicates the media source-URL which is request by MMT receiving entity.

requdst_type - indicates the type,of request information in the media resource identificatipn according
to Table 108.

Table 108 — value of request_type field

Value Description

500b all information (media_resouljce_location, _access_network_descrip tor(),
media_resource_info)

001b media resource location

010b access_network_descriptor()

011b media_resource_info

MMT general location info() - provides the location information of Asset. General location reference
information for Asset is used. Only the value of 10cation type between ‘0x00’ and ‘0x06’ shall be used
for an Asset location.

access network descriptor() - indicates type of transmission access channel of media content
delivery. Its specific value is decided by access network type value defined in Table 91

MMT package id - this field is a unique identifier of the Package that is being served.
MMT package id length —the length in bytes of the MuMT package id string, excluding the

terminating null character.
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MMT package id byte — a byte in the MMT package id. When the MMT package id byte is string, the
terminating null character is not included in the string.

asset_id - indicates the asset_id 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 defi

ned in clause 6.3 leads to a valid MPU and follows the media dependency hierarchy.

start mpu sequence - This field is the start number of mpu sequence in asset which is referenced by
mmt_URLs. The length of this field is 32 bits.

end mpu sequence - This field is the end number of mpu sequence in asset which is referenced by
mmt_URLs. The length of this field is 32 bits.

14.2.6 MRI[Request (MRIR) message
Media resoyrce identification information, which includes the policy to be adopted“by the [MMT
sending entify and MMT receiving entity in the event of dynamic media resource transmission adcess/
session confrol, shall be transmitted at the beginning or in the middle of a séssion as the rhedia
resource identification information (MRI) message from the transmitting MMT) sending entity to the
MMT receiving entity. If the MANE DNS or DARI proxy wants to receive or update the media respurce
identificatiop information, it should request the media resource identification information by using
MRI request{(MRIR) message. The syntax for MRIR message is shown in(Table 109.
14.2.6.1 Syptax
Syntax of th¢ MRIR message is shown in Table 109.
Table 109 — MRIR message syntax
Syntax Value | No. of bits | Mnemlonic
MRIR message () {
message| id 16 uimgbf
version 8 uimgbf
length 16 uimsbf
message|payload{
ip addr flag 1 bool¢an
request flag 1 bool¢an
if (ip|addr flag) {
if| (ip_addryzyé&rsion == 00) {
ipv4 skc) addr 32 uimsbf
}e¢lse( 4f (ip addr version == 01) {
ipv6_src_addr 128 uimgbf
}
}
number of URLs N1 32 uimsbf
for (i=0; 1i<N1; i++){
mmt_URL ()
request type 3 uimsbf
}
reserved 8 uimsbf
}
}
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14.2.6.2 Semantics
message id -indicates MRIR message ID. The length of this field is 16 bits.
version -indicates the version of MRIR messages. The length of this field is 8 bits.

length -indicates the length of the messages in bytes, counting from the beginning of the next field to
the last byte of the MRIR message. The value “0” shall not be used for this field

ip addr flag-indicates whether IP addressisincluded or not. Ifitis setto ‘1, the IP address is included.

request_flag - indicates whether MRI request message for request media resource identification
inforfmationm or update media resource raentification mformatiomn. If ft1sset to 0 The request new
information. When the request for update media resource identification information, it's s¢t to ‘1’.

ipv4 |src_addr - This field is the [Pv4 address of the sender of the packet. The length of this field is 32
bits.

ipvé [src addr - This field is the IPv6 address of the sender of the packet. Theélength of this field is 128
bits.

mmt_yrl — indicates the media source URL which is requested by MMF an receiving entity:.

requgst_type - indicates type of request information in media reseurce identification in Tgble 110.

Table 110 — value of request_type field

Value Description

000b all information

001b media resource location

010b access_network_descriptor()

011b Media resource information
14.3| MANE

14.3.1 Definition

MMTjaware network entity (MANE) is a network entity which aware of media tylpes and its
chargcteristics that is\carried through themselves by the tools MMT technology provideg as depicted
in Figure 27. MANE can acquire this media-related information, such as from header of MMTP packets
wherg media is/being carried on and MMTP signalling messages retrieved, etc. And those|information
enables medig=dware operations.

MMT Netwrork enti T
sending entity g . \ Y receiving entity
IVIANE]

Figure 27 — MANE at network

14.3.2 Interface between MMT sending entity and MANE

The interface between MMT sending entity and MANE refers to the management used by the MMT
sending entity to create MMTP session and push content into the MANE for delivery of MMT Package
for flexible distribution. The MMTP session may in particular be linear TV programs for which it is
possible to have a directly ingest TV content over the IP-based network with same manner of MMT
funcationality.
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In this case, the interface between MMT sending entity and the MANE is RESTful connection and ingests
a set of Assets that are hierarchically organized as follow:

MMTP session is defined by the profile of MMT Package delivery for distribution related with
characteristic of delivery networkand schedulinginformation. Associated configuration parameters
are Package description including Package identification, delivery characteristics, delivery and
signalling methods and needed MMT receiving entity’s capabilities. A MMTP session that may have
one or more MMTP flows.

MMTP flows defines what Asset is going to be distributed, how and when it is distributed to specific
delivery network condition. Assoc1ated parameters are therefore MMTP flow 1dent1f1cat10n type

of Asset
Asset a
flows ca
deliver

single M

For each
to retrig

d packet flow AL FEC and measurement conflguratlon related 1nformat10n One or;
n be attached to a MMTP session thus allowing in practice a MMTP session having/se

etween

more
veral

networks for Package distribution. However, there can only be one MMTP flow/within one

MTP session at a given time, since there is only one PA message from MMTP sending g

of the MMTP session and MMTP flow procedure, the MMT sending(éntity shall bg

forwardiing of MMTP over UDP based delivery of MMT package.

Typicall
flow cre
a MMTP

,a MM TP session ora MMTP flow is created usinga MMTP session creation message, M
ation message upon the flow, updated with a MMTP sessien update message, fetched
session query message, and deleted using the MMTP session termination message.

The MANE interface defines the following procedures for the MMTP session for media deliver
signalling m

Authent

£SSages:

cation and authorization procedure to enable MMT sending entity and MANE to ¢

authenticate and to enable provisioning of MMTP gession at the MANE.

MMTP 5
sending

MMTP f
to perfo

Modific4

MMTP s
informa

ession creation by the MMT sending €ntity and according to the grants given to the
entity representative based on the @sed credentials such as token based mechanism.

ow creation by the MMT sending entity to configure a MMTP session and enable the N
'm MMTP session procedures-as described in current specification (mobile MMT).

ition and termination ofa’MMTP session or delivery of MMTP flow.

ession reporting aiidfeedback procedures from MANE to MMT sending entity to colle
Lion of specific MMTP session for presentation metrics and delivery metrics.

The procedures are depjeted by Figure 28:
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ntity.
able

ve the state through a MMTP session creation message. The MANE interface supports

(MTP
using

y and

ross-

MMT

IANE

ct the
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| Creation of MMTP session >

| MMTP flow configuration >

MMT
sending entity

| Delivery of MPU / signaling messages > MANE

14.3.

The
comil
trang
As a
authg
subse
proce

— 1

— 1

—

(an)

N
|MMTP session reporting and feedback)

| MMTP session/ flow update >

| Termination of MMTP session >

Figure 28 — General procedures between MMT sending entity and MANE

3 Authentication / Authorization

ntention of the authentication procedure is to~reliably identify both MMT en
(unication channel each other. Based on the autherization information, the MANE che
action whether the authenticated MMTP sending entity is authorized to execute

result of the successful authentication and’ authorization procedure, the MANE

rization token to the MMT sending entity. The authorization token must be pro
quent transactions between MANE and"MMT sending entity. Figure 29 depicts the au
ss as follows:

he MMT sending entity then either match SSO or provide a pre-exchanged authoriz
hitiate a connection to the MANE.

ased on the assigned specific function of the network node agreed between the Mol

ntitlements the MMT sending entity end point used.

fities of the
Cks for every
h procedure.
provides an
yided for all
thentication

he MANE and the MMT sendingentity exchange authenticated Certificates that certiffies who they
dre based on Service Level Agreement (SLA) step.

ation key to

bile Network

perator (MNQ)'and the MMT sending entity, the MANE shall respond with a token specifying the

Authentication using TLS

N
\ 4

Authentication Reguest

MMT > MANE
sending entity

Authentication Response

N

Figure 29 — Authentification procedure of MMT Sending entity and MANE

Note that the MMT sending entity may connect several times to the MANE, each connection having
different delegate based on the functions assigned to the requesting MANE.
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Security procedures are mandatory. No MMTP delivery of MPU or MMT signalling message shall
be exchanged without a valid token. It is assumed that the implementation follows the following
assumptions:

— TLS technology is used to secure transport of both MMTP delivery of MPU and MMT signalling
message.

— Every transaction requires that MMT entities are authenticated

Finally, the MMT sending entity may fetch its authorization entitlements using a query to the MANE.

TP session

A MMTP sesfion is a delivery of MMT Package as defined in.[ll Each MMTP session may congain dne or
multiple MMTP flows. Each MMTP session is time bound by start time and stop time, usesa specific
delivery method, and is associated with a target service area which can be used to derivé the MMTP
session areal|by logistic information. The stop time may be absent in case of limitless sessions. Figuyre 30
depicts session creation procedure as follows:

— The authenticated and authorized MMT sending entity creates a new MMTP session by providing
Package|ID, service class of Package delivery as well as expected MMT receiving entity capabilities.
The MMT sending entity may select whether the Contents Proyider or the service prgvider
distribufes service announcement by providing a description of MMT packages used for operator-
driven sprvice announcement.

— Upon successful MMTP session creation by the MANE, the(MANE shall provide a unique MIMTP
session [D, which the MMTP sending entity shall use forsubsequent MMTP flow creations ahd/or
MMTP sgssion updates & termination.

MMTP Session credtion request

v

MMT
sending entity MMTP SesSion creation response MANE

N

Figyre 30 — Session creation procedure between MMT sending entity and MANE

Initially, the| description of MMT Package does not contain any delivery network informatoin The
delivery methods will'be set during session creation by MMT sending entity or MANE.

14.3.5 Credtion of MMTP flow

Once a MMT sending entity has created a MMTP session, it may add one or multiple MMTP flows to this
MMTP session. Each flow is mapped with a group of sub-flows of Assets each of which is identified by
Asset Identifier, uses a specific packet identification method and is associated with QoS information for
delivery of Asset. Figure 31 depicts MMTP flow creation procedure as follows:
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— The authenticated and authorized MMT sending entity creates a MMTP flow within a M
Iready created. This triggers the* MANE to allocate many parameters from an M
eation message which specifies delivery of Package, including a PA message, MM
spurce IP Address for multieast, UDP Port and QoS information, etc. The MMT sendin
select continuous push gr;on-request pull for MMT Package ingestion for each flow
MTP session ID, Asset Delivery Characteristic (ADC) which includes bitrate of med
ny FEC repair data}),.scheduling information of MMTP package (start time, stop time)
donfiguration message are provided as input.

Note

— After MMTP flow creation, the MANE returns a flow ID, which uniquely identifies the
Additionally, in case of a MMTP live flow, the push MMT-URL is added to the response.

— (QOne&’the flow is created, all information for signalling message is available and the MJ

Al=FEC message or configuration may be provided from MMT sending entity.

MMT MMT
sending MANE sending
entity entity

Authentication/ Authorization steps performed

D e i B e >
Response on creation
Package description

- Package déscription
Response on Package description i
MMTP session
Figure 31 — MMTP flow creation procedure between MMT sending entity and MANE

MTP session
MTP session
P packet_id,
g entity may
The unique
a (excluding
and AL-FEC

rreated flow.

ANE is ready

to start announcing the MMTP session. The MANE starts providing Package-relatedsignalling
message automatically as soon as all the necessary MMTP session information have been provided
(e.g., PA message for MMT Package). MMTP session signalling message is automatically updated
following MMTP flow updates.

Note

A MMTP session may hold one or multiple flows of different types of Asset delivery. (e.g., MPU
mode, GFD mode for MMT Package delivery).

— At MMTP flow start time, the IP-based connection is activated between MANE and MMT receiving
entity and the MANE issues the required necessary information for MMT signalling messages to the
MMT receiving entity.

— The MMT content starts flowing through the MMTP flows
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— At MMTP flow stop time, the IP-based connection is terminated.

Note

In case of regional services, i.e. that delivers region-specific content, a MMTP session can be
cloned so that all flows of the MMTP session use the same delivery methods parameters.

The IP-based connection is automatically provisioned by the MANE and is active between start and stop
time independently whether the MMT sending entity is sending media stream and its related signaling
message. The MANE automatically terminates the [P-based connection at stop time. The MMT sending

entity may p

roactively terminate the MMTP flow before the stop time.

14.3.6 MMTP session update

A part or al
results to ng
depicts MMl

possible information may be changed since a MMTP session is created. In that cjse, it
re 32

ed of dynamic modification of MMT signaling message by MMT sending entity:~Fl
P session update procedure as follows:

MMTP Session update request

v

MMT

sending entity Response on MMTP session update MANE

N

Figure 3

2 — Procedure of MMTP session update between MMT sending entity and MANE

— Theaut

enticated and authorized MMT sending.eiitity updates an existing MM TP session proy

the unique MMTP session ID, and updated parameters. As long as no flows are added to the N
session, jall information of MMTP session maybe modified. Once a MMTP flow is created, on

MMT r

eiving entity capabilities and Measurement Configuration messages are allowed

modifiedl.

— The MA

NE shall provide an update'status of MMTP session to MMT sending entity.

iding
(MTP
y the
to be

Note that the MMT sending entity should first request the MMTP session information usifg an

Measuremer
MMTP sessi

t Configuration méssage before performing an any update as the MANE expects the U
n message to centain all MMTP session information.

bdate
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14.3.7 MMTP flow update

MMT MMT
sending MANE sending
entity entity

Create MMTP flow

Response on creation

A

Asset description

\ 4

Asset description

\4

Response on Asset description

A

MMTP transport flow

\ 4

Figure 33 — Procedure of MMTP flow update between MMT sending entity and MANE

Figune 33 depicts MMTP flow updaté procedure as follows:

—

he authenticated and authérized MMTP sending entity may update an existing MM TH flow. Before
he MMTP flow is startéd,all information of MMTP flow can be updated. Once the MMTP flow is
tarted, only the following information are allowed tobe changed:

wn_ct+

-+ MMTRP flew schedule (start, stop),
— MMTP flew AL-FEC information,

-+ number of MMTP flow (add, delete).
— TheMANE shall provide an any update status of MMTP flow to MMT sending entity.

— New MMT signalling message may be initiated or updated upon MMTP flow update.

Note that the MMT sending entity should first request the MMTP flow information using Measurement
Configuration before performing an update as the MANE expects the update message to contain all
information of MMTP flow.

14.3.8 Termination of MMTP session
Figure 34 depicts MMTP session termination procedure as follows:

— The authenticated and authorized MMT sending entity may terminate an existing MMTP session.
After that, any MMTP flow is terminated andMMTP session provisioning information is removed
from the MANE.
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— The MANE shall provide a deletion status and update package information to MMT receiving entity.

— Deleted MMTP session is removed from the MMT signaling message

MMT MMT
sending MANE sending
entity entity

Ferminate-MMIP-sesston
N
C

Response on terminate

A

Update Package descriptien

\ 4

Figure 34 — Procedure of MMTP session termination between MMT sending entity and MANE

14.3.9 Termination of MMTP flow

MMT MMT
sending MANE sending
entity entity

Terminate MMTP flow

Response on terminate

A

Update Asset description

\ 4

Figure 35 — Procedure of MMTP flow termination between MMT sending entity and MANE

Figure 35 depicts MMTP flow termination procedure as follows:

— The authenticated and authorized MMT sending entity may delete an existing MMTP flow. If
the MMTP flow is deleted, connection for signaling message and delivery of MMT Package are
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terminated. Then, MMTP flow provisioning information is removed from the MANEand allocated
resources in MANE are released.

— The MANE shall provide a deletion status and update package information to MMT receiving entity.

— Deleted MMTP flow is removed from the MMT signaling message for MMT receiving entity

14.3.10MMTP session query to MANE

MMT
sending MANE
entity
Measurement configuration request
>
Response on MC request
€

Figure 36 — Procedure of MMTP session query to MANE

Figune 36 depicts MMTP session query procedure as follows:

— The authenticated and authorized MMT sending entity may request to the MANE] for specific
hformation by sending measurement'configuration message.

—

— The MANE shall provide the infermation response upon receiving the measurement configuration.

14.3.11MMTP session measurement feedback

Figune 37 depicts MMTP:session measurement feedback procedure as follows:

— The authenticated and authorized MMT sending entity may request to register for feeflback on the
ANE. The- MANE shall provide the scope of the feedback (for all MMTP session, or for a specific
MTP session or MMTP flow) and the URL to be used by the MANE to report the feedhack.

— The MANE shall response proper registration request.

: o e 3 o e sending entity
occurs, the MANE shall send an feedback message to the MMT sendmg entlty or report to 31 party

server with the payload of the message containing the feedback message.
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15 FCAST

15.1 Genel

FCASTI28] can be considered as a protocol extensiorito deliver objects on top of other transport prot

such as ALC
of reliabilityj
mode. Howe
fully-fledged

FCAST deliv

simplifies thle reception procedure considerably. The object metadata is provided in the form of

1.1 headers,

It comes wit
or of the ful
Gzip.

FCAST come

MMT
sending MANE
entity
Measurement configuration request
>
Response on MC request
€
Requested feedback message.
€

Figure 37 — Procedure on MMTP session measurement feedback

support in MMT

ral

LCT and NORM. Depending on thefnderlying protocol, FCAST can offer a different
With NORM for instance, full reliability can be achieved using an acknowledged de
ver, this comes at the cost of Scalability. FCAST is intented to be a simple alternativ
file delivery protocol like FLUTE by sacrificing some flexibility.

brs compound objects, including both metadata and actual data of an object together

but other format§ can be used and signalled as well.

h an integrity\check mechanism using a checksum that can verify correctness of the h
compound-object. To avoid large overhead, the object header may be compressed

s with special support for object delivery carousels. An FCAST session can carry an ¢

ocols
fange
ivery
P to a

This
HTTP

bader
using

bject

carousel, wh

ere a fixed set of files is sent rpppntpdlv aver the session. The carousel is describe

1 in a

dedicated co

mpound object and identified by a carousel instance ID (CID).

MMT comes with support for generic file delivery using the GFD payload format. In terms of functionality,
GFD and FCAST are equivalent. However, for deployments that prefer to leverage their existing file
delivery procedures instead of migrating them to GFD, the co-existence of MMT with FCAST integrated

for a combin

174

ed delivery solution would offer a good alternative.
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15.2 MMT signalling of resources delivered using FCAST

15.2.1 General

Support for FCAST as an alternative to in-band GFD mode delivery is provided through signalling of
media resources in MMT and indicating that they are delivered using FCAST. A new location type is
introduced to support referencing FCAST transport objects as defined in Table 111.

Note that only FCAST based on ALC/LCT is supported. NORM is not supported in conjunction with MMT.

15.2.2 Syntax of FCAST location type

Table 111 — FCAST location type syntax
Syntax Value No{‘s{f’gits Mnemonic
if (Jlocation type == ‘0x0D") {
ipvd_address_type 1 b
toi_ flag 1 b
url flag 1 b
carousel flag 1 b
reserved ‘1111 4 uimsbf
if (fipv4 address type == ‘1lb’) {
st _ipv4 addr 32 uimsbf
} elpe {
dst ipvé addr 128 uimsbf
}
port| number 16 uimsbf
if (koi flag) {
S 1 b
FH 1 b
D 1 b
reserved ‘11111 5 uimsbf
TSI 32*S+16*H uimsbf
TOI 32*0+16*H uimsbf
}
if (prl £389) {
URL’ Iength N1 32 uimsbf
ror (1=0; 1I<NI; 1++) {
URL byte 8 uimsbf
}
}
if (carousel flag) {
CID
} 32 uimsbf

15.2.3 Semantics

The semantics of the fields are as follows:
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ipv4 addres

s_type: the type of the IP address of the destination;

toi flag: aflag that indicates if the TOI of the referenced object is known and provided here;

url flag: aflag that indicates if the URL of the referenced object is provided;

carousel flag:a flagthatindicates that the objectis delivered as part of a carousel and the identifier of
that carousel is given here;

dst ipv4 ad

dst ipvé6_ ad

dr: the IPv4 address of the destination on which the FCAST session is running;

dr: the IPv6 address of the destination on which the FCAST session is running;

s: a flag that
u: a flag that
o: a flag that

URL lengthi

indicates the number of 4-bytes in the TSI;
indicates the number of 2-bytes in the TSI and TOI;
indicates the number of 4-bytes in the TOI;

the length of the URL of the FCAST object;

URL byte: a lpyte from the URL of the FCAST object, encoded in UTF-8 format;

CID: numerig
15.3 FCAS]

15.3.1 MM]
Among the 3

support FCA
shall be assi

15.3.2 MM

The payload

value that identifies a carousel instance.
' over MMTP

[P packet header for FCAST

ST. To indicate FCAST payload type, a new; value of the “reserved for ISO use” code
bned for FCAST in the “data type and définition of data unit” table.

[P payload header for FCAST mode

packets sent using MMTP shall'include an FCAST payload header and an FCAST payld

shown in Figure 38. A FCAST payload.cah be a whole compound object or a member of a partitio

compound o

bject.

An imminenf end of FCAST cardusel session can be signalled by the FCAST payload header. The 3

termination
the MPT.

of an FCAST carousel session is indicated by removing the corresponding asset entry

An imminenf removahof a compound object out of a carousel instance can be signalled by the F|

payload hea
TOI from thg

ler. Thesactual removal of a compound object is indicated by removing the correspo
CHD.

yntax elements of the MMTP packet header a new value for the type field is needed to

space

ad as
n of a

ctual
from

CAST
hding

To allow co

pourd object Tultiplexing, a paytoad Sequernce number siatt-be provided im the F

AST

payload header. The payload sequence number can be used to sort out payloads that belong to a TOI.
Also, when a receiver joins an FCAST session in the middle of a long object, it can help early download of
the object by downloading its latter parts from the current cycle and downloading the rest in the next

cycle.
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Figure 38 — MMTP payload header for FCAST mode

own in Figure 38, the FCAST payload header has a fixed size of 8 bytes!
bit) - indicates that this packet contains the last byte of the object.

ad Sequence Number (PSN: 31 bits) — is a number incremented per FCAST payl
TOL. It starts from 0 and a wrap-around is not allowed. Foria/long compound object t
load sequence number beyond its maximum value, a partitioning method shall be
col provides a means to partition a long compound gbject into multiple compound ob

port Object Identifier (TOI: 32 bits) - indigates that this packet contains the la
t.

3 Signalling in MPT for FCAST

pad with the
hat requires
used. FCAST
ects.

5t byte of the

A FCAST session corresponds to an FCAST*carousel asset in an MMT package. The MPT [contains the
signallling information for all the FCAST\carousel assets in an MMT package. A FCAST carqgusel asset is
identffied by its asset_id in MPT. Teindicate the asset type of an FCAST carousel assef, a new four
chargcter code (4CC) ‘fcst’ shall be used.
A FCAST descriptor defined ifi subclause 15.3.4 shall be included in the asset descriptors|loop in MPT.
An FCAST descriptor carries, the signalling for the current FCAST carousel instance.
15.3.4 FCAST descriptor
The slyntax of the ¥CAsT descriptor () is defined in Table 112 and the semantics are provided below the
table
Table 112 — FCAST descriptor
Syntax Value | No. of bits | Mnemonic
FCAST descriptor () {
descriptor_tag 16 uimsbf
descriptor_length 8 uimsbf
descriptor_version 3 bslbf
static_carousel flag 1 bslbf
fixed payload size flag 1 bslbf
cycle_independent_payload_ flag 1 bslbf
use CID flag 1 bslbf
use_metadata collection flag 1 bslbf
if (use CID flag)
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Table 112 (continued)

Syntax Value | No. of bits | Mnemonic
CID TOI 32 uimsbf
if (use CID flagq)
metadata collection TOI 32 uimsbf
}

descriptor tag - a tag value indicating the type of a descriptor. (A new value shall be assigned for this

descriptor.)

descriptor |
whenever th
different fro
descriptor.

static card

fixed payld
header has ¢

cycle indep
the FCAST p
MMTP packsg

scriptor.

version — specifies the version of this FCAST descriptor. This field shall be increm
e FCAST descriptor is updated. This field is a wrap-around counter. If thisfield has a
m that of the previously saved FCAST descriptor, receivers shall replace-itwith this F

usel flag - indicates a static carousel. If this flag is set to 1, the FGAST carousel is st

ad size flag - If this flag is set to 1, all MMTP packets With a same TOI in the F
qual amount of FCAST payload except for the last MMTP packet.

endent payload flag - Ifthis flagissetto 1, the way,a‘compound object is partitione
hyload fields of MMTP packets is the same throughout the FCAST carousel. In this cas
ts with a same TOI or an equivalent TOI and with a same payload sequence number

have the sante part of a compound object as FCAST payload:

use CID fl4

use metaday

5 — If this flag is set to 1, a CID is delivereddn the current FCAST instance.

descriptoratength - specifies the length in bytes counting from the next byte after this field tothe last
byte of the

bnted
value
CAST

htic.

CAST

1 into
e, the
PSN)

a collection flag - If this flag is set'to 1, a metadata collection object is delivered as a

regular com
part of obje

CID TOI-S

metadata c
the current

15.3.5 Met
If not compr

A metadata
CID of the fi

provided.

ound object in the current FCAST instance. A metadata collection object contains
metadata for all the objects delivered in the current FCAST instance.

cifies the TOI of the CID cénmpound object delivered in the current FCAST instance.

llection TOI - specifiesthe TOI of the metadata collection compound object delivet
CAST instance.

data collection’object
ssed, ammetadata collection object is a text file encoded in UTF-8.

ollection object contains a list of { (1stcIDp, TOI), object metadata} where 1stcIp
stFCAST carousel instance to which the object is added and To1 is the TOI value

all or

ed in

is the
bf the

ot be

The object metadata provided in a metadata collection object may be only a part of the original object

metadata.

For each entry { (1stcID, TOI), object metadata} in a metadata collection object, the following format
shall be used:

CID:

TOI:

A partorall

178

the CID value in a decimal number<CR-LF>

the TOI value in a decimal number<CR-LF>

of the object metadata in HTTP/1.1 metainformation format
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A.1 General

Annex A
(informative)

Jitter calculation in MMTP

ISO/IEC 23008-1:2023(E)

MMT|specifies the timing model to be used for MMTP packets delivery. Delivery of timeq
accorfding to their temporal requirements is an important feature supported by the "Ml
Presgrvation of timing relationships among packets in a single MMTP packet flow or’bety
from|different MMTP packet flows is another important feature of MMT. The delivery t
provides also the necessary information to calculate jitter and the amount.df delay intro

undeflying delivery network during the delivery of a Package.

A.2 |Network jitter calculation

| media data
MT protocol.
yeen packets
ming model
Huced by the

Netwlork jitter calculation is essential for jitter compensation ‘that may be required by s¢me services

using the MMT protocol. Network jitter calculation method. used in this document is a
IETFRFC 3550. Formula (A.1) is used to calculate the differerice in packet spacing, Dyr(i.j)

MMTIP packets i and j at the receiving entity:

-]

wherp Tp; and T} ; denote the delivery time istance of two MMTP packets i and j, respect
in anfMMTP packet header. The T, ; and Tyjare the time instances at which MMTP packet

mmr (1 J)=(Ta,j =T4;)—(Tp ; —Tp; )=(Ts,; =Fp ;)—(Ta; —Tp,;)

arrived at the MMT receiving entity, respectively.

The inter-arrival jitter, J;,r(i), whieh'is defined to be the mean deviation of the differen
spaciphg is calculated continuouslyaccording to the following formula every time an MM

receiyed:

Nt (D)= Tyt =L+ [Dypyr (1 =1,1) = Jyyr (i—1)]1/16

dopted from
, for a pair of

(A1)

vely, carried
5 1 and j have

ce in packet
P packet i is

(A.2)
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Annex B
(normative)

XML syntax and MIME type for signalling message

B.1 XML syntax

The followirlg provides the XML syntax for the signalling messages that are defined in this docuant.

<?xml versijon="1.0" encoding="UTF-8"7?>
<xs:schema [gkmlns:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns="urn:mpeg:MMT:schema:Signalling:2013"
targetNamesjpace="urn:mpeg:MMT:schema:Signalling:2013" elementFormDefault="gualified"
attributeFgrmDefault="unqualified">
<xs:annotation>
<xs:dppinfo>MMT Signalling</xs:appinfo>
<xs:documentation xml:lang="en">This schema defines the synt@%x, for MMT Signalling
messaging tlhat </xs:documentation>
</xs:annotation>
<xs:element name="Message'">
<xs:domplexType>
<x®s:choice minOccurs="1" maxOccurs="1">
<xs:element name="PA message">
<xs:complexType>
<xs:sequence>
<xs:element name="table" typez={Table" minOccurs="1"
maxOccurs="fjunbounded" />
<xs:any namespace="##othar®™processContents="skip"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="MPI message">
<xs:complexType>
<xs:sequence>
<xs:element_wrame="MPI table" type="MPIT"/>
<xs:element_name="MP table" type="MPT" minOccurs="0"/>
<xs:any ,namespace="##other" processContents="skip"/>
</xs:sequence>
<xs:attribute name="associated MP table flag" type="xs:boolean"
use="optional" default="false"/>
<xs;anyAttribute namespace="##other" processContents="skip"/>
</xs yComplexType>
</xs:element>
<xs:ghement 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"/>

180 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=11cf3a0693b299d9790d224e345a2f47

<xs

ISO/IEC 23008-1:2023(E)

<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="AL FEC message">
<xs:complexType>

:sequence>
<xs:elemen

<xs:com
<xs:

<

t name="fec flow">

plexType>

sequence>

xs:element name="FECConfiguration">

<xs:complexType>

<xs:attribute name="repair flow id"
type='xs:integer" _ _
<xs:attribute name="maximum k for repair @Alpw"
typeg"xs:integer"/>
<xs:attribute name="maximum p for repabr) flpw"
typef"xs:integer" />
<xs:attribute name="protection window time"
typeg"xs:integer"/>
<xs:attribute name="protection(window size"
typef"xs:integer" />
<xs:attribute name="num of.layer for LAFEC"
typeg"xs:integer"/>
<xs:attribute name="feg\€ode id for repair flow"
typef"xs:integer" />
<xs:anyAttribute nafiespace="##other"
procgssContents="skip"/>
</xs:complexType>
</xs:element>
<xs:any namespace=#jother" processContents="skip['/>
</xs:sequence>
<xs:attribute namés'fec flow id" type="xs:integer"/>
<xs:attribute ndme*"source flow id" type="xs:integer|'/>
<xs:attribute pame="packet ids" type="ListT" />
<xs:attribute( mame="fec coding structure" type="xs:ipteger"/>
<xs:attribute” name="ssbg mode" type="xs:integer"/>
<xs:attribpvte name="ffsrpts flag" type="xs:boolean"/
<xs:attibdbute name="length of repair symbol"
typeg"xs:integer"/>
<xsg:anyAttribute namespace="##other" processContentsf"skip"/>
</xsgComplexType>
</xsswelement>
</xsssequence>
</xs:complexType>
</xs:elemant>
<xs:element name="HRBM message">
<xsw.complexType>
<xs:attribute name="max buffer size" type="xs:integer"/>
<xs:attribute name="fixed end to_end delay" type="xs:integer"|>
<xs:attribute name="max transmission delay" type="xs:integer"{>
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>

k1 e [TVl 1
SeeTremenT T Irame= o meSSagT

<xs:complexType>

<xS
<xs

minOccurs="0"/>

<xS

<xXS:
<xXs:
<xS:
<xS:

<xXs:

<xSs

<xS:
<xXS:
<xXs:

rattribute
rattribute

rattribute

attribute
attribute
attribute
attribute

attribute
rattribute
attribute
attribute
attribute

© ISO/IEC 2023 - All rights reserved

name="ADC level flag" type="xs:boolean"/>
name="MPU sequence number " type="xs:integer"

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"/>
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<xs:attribute name="mfu period" type="xs:integer"/>
<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"
<xfs:anyAttribute namespace="##other" processContents="skip"/>
</xs:|complexType>
</xs:elgmnent>
<xs:complexType name="Table">
<xs:gttribute name="table id" type="xs:integer"/>
<xs:dttribute name="version" type="xs:integer"/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>

<xs:compllexType name="PAT">
<xs:domplexContent>
<x¥s:extension base="Table">
<xs:sequence>
<xs:element name="location" maxOccurs="unbounded">
<xs:complexType>
<xs:sequence>
<xs:element name="MMT general dogation info" type="MMT general
location inffo type" maxOccurs="2"/>
<xs:any namespace="##other™\grocessContents="skip"/>
</xs:sequence>
<xs:attribute name="alternagtive location flag" type="xs:boolean"/[>
<xs:attribute name="signalling information table id"
type="xs:injteger"/>
<xs:attribute name="shghalling information table version"
type="xs:injteger"/>
<xs:anyAttribute ramespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</lks:extension>
</xs:|complexContent>
</xs:complexType>
<xs:compllexType name=MMT general location info type">
<xs:choice>
<gs:element name="asset">
<xs:complexType>
<xgl:attribute name="packet id" type="xs:integer"/>
</xsveomplexType>
</lxksjzelément>
<ysu€lement name="flow">

. \_/UllltJJ.‘C L tJC
<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 ipvée">
<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>
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<xs:element name="M2TS">
<xs:complexType>
<xs:attribute name="network id" type="xs:integer"/>

<xs:attribute name="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="ipv6 dst addr" type="xs:string"/>
<xs:attribute name="dst port" type="xs:integer"/>
:attribute pname="MPEG PTID" type="xgs:integer"

<A

<A

<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>
</xs:choice>
xs:complexType>

s:complexType name="MPIT">
<xs:complexContent>
<xs:extension base="Table">
<xs:sequence>
<xs:element name="PI fragment">
<xs:complexType>
<xs:sequence>
<xs:element name="fragment">
<xs:complexType>
<xs:simpleContent>
<xs:extension basg="xs:string">
<xs:attribfife’ name="mime type" type="xs:str
</xs:extension>
</xs:simpleCditent>
</xs:complexType>
</xs:element>
<xs:any namespeace="##other" processContents="skip"/>
</xs:sequence>
</xs:complexTypeX
</xs:element>
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
xs:complexType>

s:complexType~name="MPT">
<xs:complexCertent>
<xs:extehsion base="Table">
<ks+sequence>
<xs:element name="asset" type="AssetT"/>
<xs:element name="descriptor" type="DescriptorT"/>
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>

ing" />

D.C\ttJ_JI_L)LAtC JIGJHC_"l.JE_tC\L)lC_lllU\A]C" t_yt)c—" D.J‘_thc\jCJ_"
<xs:attribute name="MMT package id" type="xs:string"/>
</xs:extension>
</xs:complexContent>

</xs:complexType>

<xs:complexType name="CRIT">

<xs:complexContent>
<xs:extension base="Table">
<xs:sequence>
<xs:element name="CRI descriptor" type="CRIDT"/>
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>

</xs:complexType>
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<xs:comp
<xs:c
<x

type="xs:in

type="xs:in

lexType name="DCIT">
omplexContent>
s:extension base="Table">
<xs:sequence>
<xs:element name="asset">
<xs:complexType>
<xs:choice>
<xs:element name="video">
<xs:complexType>
<xs:attribute name="video average bitrate"
teger"/>

type="xs:1in|

type="xs:1in|

processCont

type="xs:1in|

type="xs:in|
type="xs:1in|

processCont

processCont

</
</xs:
</xs:comn

<xs:comy

<xs:attribute name="video maximum bitrate"
teger"/>
cattribute name="horizontal resolution®
teger"/>
<xs:attribute name="vertical resolution" type="xs:integd
<xs:attribute name="temporal resolution" type="xsy\nteqgq
<xs:attribute name="video minimum buffer size"
teger"/>
<xs:anyAttribute namespace="##other"

ents="skip"/>
</xs:complexType>
</xs:element>
<xs:element name="audio">
<xs:complexType>
<xs:attribute name="audio average/bhtrate"

teger"/>

<xs:attribute name="audio maximwff bitrate"
teger" />

<xs:attribute name="audio fidnimum buffer size"
teger"/>

<xs:anyAttribute namespace="##other"
ents="skip"/>
</xs:complexType>
</xs:element>
<xs:element name="download">
<xs:complexType>
<xs:attribute nhame="required storage" type="xs:integer"
<xs:anyAttAdbute namespace="##other"
lents="skip"/>
</xs:complexType>
</xs:elemenpt>
</xs:choice>
<xs:attribute name="mime type" type="xs:string"/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>
<xs:any,namespace="##other" processContents="skip"/>
</xs:sequence>
s :extension>
complexContent>
olexType>

leXType name="AssetT">

location in

184

[Sary DC\{\A‘CIIL/C
<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
fo_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>

]f"/>
r"/>

>
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<xs:complexType name="DescriptorT">

<xs:attribute name="descriptor tag" type="xs:integer"/>

</xs:complexType>

<xs:complexType name="CRIDT">

<xs: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>
</xs:complexContent>

</xs:complexType>

<A

<A

<A

<A

<
</xs

s:complexType name="MPUTSD">
<xs:complexContent>
<xs:extension base="DescriptorT">
<xs:attribute name="mpu sequence number" type="xs:integer"/>
<xs:attribute name="mpu presentation time" type="xs:dateTime™/>
</xs:extension>
</xs:complexContent>
xs:complexType>

s:simpleType name="ListT">
<xs:list itemType="xs:integer"/>
xs:simpleType>

s:complexType name="asset id T">
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="asset id schem&) type="xs:string"/>
</xs:extension>
</xs:simpleContent>
xs:complexType>

s:complexType name="Identifier mapping">
<xs:choice>
<xs:element name="asset 1id" type="asset id T"/>
<xs:element name="URL" gype="xs:anyURI"/>
<xs:element name="RegEx!" type="xs:string"/>
<xs:element name="RepresentationId" type="xs:string"/>
</xs:choice>
<xs:attribute name="“identifier type" type="xs:integer" use="optional" def
<xs:anyAttributetnamespace="##other" processContents="skip"/>
xs:complexType>
schema>

hult="0"/>
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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

Optional panameters: nene

[Ongoing work related to this registration may introduce new optional parameters.]

Encoding cohsiderations: Files are XML formatted with UTF-8 encoding
Security conlsiderations: None

[There is cugrently no provision for signing or authentication of MMT signalling message.]

Interoperablility considerations: The MPEG organization has defined the/specification, which defines
the XML schema to enable validation of the MMT signalling message files:.

Published dqcument: ISO/IEC 23008-1.

Applicationgwhich use this media type: Multimedia

Additional information: None
Magic number(s): None
File extensidn(s): xml'and .msm may both be used.

Person and 4-mail address to contact for further information:
Intended usdge: COMMON

Change contfoller: MPEG
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Annex C
(normative)

Application layer forward error correction (AL-FEC) framework

for MMT

C1

MMT
scher
pass¢
payld
confi
FEC ¢
outli

General

provides an AL-FEC mechanism for reliable delivery in IP network environments. T

d to the MMT FEC scheme for protection. The MMT FEC scheme returns-tépair symb
ad IDs. Then, the repair symbols are delivered by MMT protocol with the-MMTP pacK
buration information provides the identification of FEC encoded flow; the informat
oding structure and FEC code. It is delivered to the MMT receivitig entity for FEC op
ed architecture is depicted in Figure C.1.

The MMT sending entity determines the Assets within Packages which require protec
number of FEC source flows. One or more of the Assets are protected as a single FEC sourc
consists of MMTP packets carrying one or more Assets. Thé FEC source flow and its FEC c
information are passed to the MMT FEC scheme for protection. The MMT FEC scheme uses
to geperate repair symbols composing one or more FECYepair flows. They are passed to M
along with FEC payload IDs. Then, the MMT proteegol delivers FEC source and repair p4
MMT|receiving entity. At the MMT receiving entity, the MMT protocol passes the FEC so

u
its agsociated FEC repair flow(s) to MMT FEG.s¢heme. Then, the MMT FEC scheme returllf

MMTJ]P packets.

The MMT FEC scheme divides the FEC\source flow into source packet blocks and gene
symbol blocks. The MMT FEC scheme then passes source symbol blocks to the FEC d
encodling. Here, FEC encoding means the process to generate repairs symbols from the sg
block. FEC code algorithms, which may be used to generate repairs symbols from source s
are described in ISO/IEC 23008-10.

The N
asou
packg

'ce FEC payload-IP-to the MMTP packet, and FEC payload ID mode 1, which does not m
ts. C.3 to C.5«describe the details for FEC payload ID mode 0 and C.6 for FEC payload

he MMT FEC

he is described as a building block of the delivery function. After packetization, MMTR packets are

ols with FEC
ets. The FEC
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