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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
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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-d
considet

For effid
network

— the
com

— the

such as packetization;

— the
swi
cha

— the

nd delay of each packet from the sending entity to the receiving entity, have been taken intp
ation.

ient and effective delivery and consumption of coded media data over packet-switched déliverfy
s, this document provides the following elements:

ogical model to construct contents composed of components from various sources, for example,
ponents of mash-up applications;

formats to convey information about the coded media data, to enable delivery layer processing

b’

packetization method and the structure of the packet to deliver*media content over packet-
ched networks supporting media and coding independent “hybrid delivery over multiple
nels;

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

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

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

h single

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

ultimedia data over heterogeneous packet-switched networks for multimedia services.
Jacket-switched networks supported by this document include bidirectional/networks such as
Hrotocol (IP) networks and unidirectional networks such as digital broadeast networks (whicl
ay not use the IP).

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

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

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

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

Types of

Internet
L may or

[ media

sulating
fructure
delivery

rmation
delivery

1d codec
by this

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

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

Normativereferences

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

IBO/IEC 14496-12:2022, Information technology — Coding of audio-visual objects — Part 12:

bf media

content
lies. For
applies.

/SO base

edia 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:

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

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

3.1.1

access unit

AU

smallest media data entity to which timing information can be attributed

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

[Y)

3.1.3
dependpnt asset
asset (3]1.2) for which one or more other assets are necessary for decoding of(the contained media
content

3.14
encoding symbol
unit of data generated by the encoding process

3.1.5
encoding symbol block
set of enoding symbols (3.1.4)

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

3.1.7
FEC endoded flow

logical set of flows that consists of an FEG'source flow (3.1.11) and one or more associated FEC repa
flows (3{1.9)

5]

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

Q

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

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

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

3.1.12
FEC source packet
MMTP packet (3.1.20) protected by an FEC encoding

2 © 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
cadec agnostic

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

A1.16

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

1.17

MT protocol

MTP

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

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

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

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

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

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

123

MTP coccion
VT T SCOSTUIT

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 ID (3.1.8) for repair packets

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

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

3.1.30
repair §ymbol block
set of repair symbols (3.1.29) which can be used to recover lost source symbols (3<1:33)

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

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

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

3.1.34
source symbol block
set of solrce symbols (3.1.33) generated froma single source packet block (3.1.32)

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

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

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

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

3.2 Abbreviated terms

ADC asset delivery characteristics

AL-FEC application layer forward error correction
ARQ automatic repeat request

AU access unit

4 © ISO/IEC 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
HTTP hypertext transfer protocol
ISOBMFF ISO base media file format
[A-FEC layer aware forward error correction
IR license revocation

N license signalling

NIPI media presentation information
NIC measurement configuration
NFU media fragment unit

NIMT MPEG media transport

NIMTP MMT protocol

NP MMT package

NPU media processing unit

MTU maximum transSmission unit
NIvVC multi-view-video coding

NAM network abstraction for media
NTP fietwork time protocol

HA package access

HID 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 Conventions
The follgwing convention applies in this document.

— The|Big Endian number representation scheme is used.

5 Ove¢rview

This dogument defines a set of tools to enable advanced media transport and delivery services. Thie
tools spread over three different functional areasi.edia processing unit (MPU) format, delivery angd
signallinjg. Even though the tools are designed to be efficiently used together, they may also be usefd
indepenfently regardless of the use of tools froni the other functional areas.

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

The deliyery functionalvarea defines an application layer transport protocol and a payload format. T
applicatjon layer transport protocol defined in this document provides enhanced features for deliver
of multimedia data when compared with conventional application layer transport protocols, e.g.
multipldxing and support of mixed use of streaming and download delivery in a single packet flow (se
9.2). The payload format is defined to enable the carriage of encoded media data which is agnostic t|
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

igure 2 depicts the end-to-end architecture for this document. The MMT sending entity is res
br sending the Packages to the MMT receiving entity as MMTP packet flows. The sending en
e required to gather contents'from content providers based on the presentation informatid
ackage that is provided by.a:Package provider.

o o =h

Package provider and‘content providers may be co-located. Media content is provided as
hat is segmented into.a’series of encapsulated MMT Processing Units that forms a MMTP pack

[ alilia

The MMTP packetflow of such content is generated by using the associated transport charag
ipformation. Sjgmalling messages may be used to manage the delivery and the consumption of P

—

his docidment defines the interfaces between the MMT sending entity and the MMT receivin
s well as'their operations. The MMT sending entity shall conform to the sender operations as
h Clause 9.
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An MMT receiving entity operates at one or more MMT functional areas. An exemplary MMT receivin|
entity afchitecture is shown in Figure 3.

The MMT protocol (MMTP) is used to receive and dexmultiplex the streamed media based on thee
packet [ d and the payload type. The de-capsulation procedure depends on the type of payload that i

Figure 2 — End-to-end architecture of MMT

carried aind is processed separately and thus, is not shown here.

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

content fhat is received using the MMT protocel.

Presentation engine

S

Fil Media Signalling messages
1egrocessor processor processor
Genetic object MPU Signalling messages
reconstruction reconstruction reconstruction
MMT protocol

Figure 3 — Example of MMT receiving entity

© ISO/IEC 2023 - All rights reserved


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

ISO/IEC 23008-1:2023(E)

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 relationship
MPU, Asset and Package using signalling messages.

s among

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

n Asset is associated with an identifier which may be agnostic to its actual physicaHocation o
rovider that is offering it, so that an Asset can be globally uniquely identified: Assets with
iflentifiers shall not be interchangeable. For example, two different Assets may carry two
codings of the same content but they are not interchangeable.

e may be
encoded

" service
lifferent
Hifferent

MT does not specify a particular identification mechanism but allows\the usage of URIs or U
his purpose. Each Asset has its own timeline which may be of different duration than that of t
resentation created by the Package.

sset shall not contain the same media samples. Each MPYU may be consumed independentl

t
B
Hach MPU constitutes a non-overlapping piece of an Asset\i.e. two consecutive MPUs of t
A
fdresentation engine of the MMT receiving entity.

o

.2 Package

oY

s shown in Figure 4, a Package is a logical entity. A Package shall contain one or more pres|
hformation documents such as one specified in ISO/IEC 23008-11, one or more Assets and
sset, an associated asset delivery characteristics (ADC). In other words, as processing of a Pg
Iplied per MPU basis and an Asset is:a collection of one or more MPUs that share the same 4
I

N,

can be also considered that one Rackage is composed of one presentation information, one
PUs and associated ADC for each“Asset.

n Asset is a collection offone or more media processing units (MPUs) that share the same 4

ja~Sia Y

med or non-timed.

—

IDs for
e whole

he same
y by the

entation
for each
ckage is
\sset ID.
or more

\sset ID.

n Asset contains encoded media data such as audio or video or a web page. Media data can Be either
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Figure 4 — Overview of Package

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

[72)

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

Assets.

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

NOTE Annex D cofitains a QoS management model for MMT.

6.3 Asset

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

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

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

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

Processing of an MPU by an MMT entity includes encapsulation/de-capsulation and packetiza

023(E)

tity and

tion/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.

or packetization purposes, an MPU may be fragmented into data units that may be smaller
ccess Unit (AU). The syntax and semantics of MPU are not dependent on the type of media datz:
n the MPU.

N

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

A

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

or any Asset with asset _id x that depends on Asset with asset_id /¥, the m-th MPU of the As
sset_id x and the n-th MPU of the Asset with asset id vy shall b&non-overlapping wheneve
qual to n, i.e. no sample in the m-th MPU of Asset with asset i& % is inside the time interval
y the sample boundaries of the n-tnh MPU of Asset with asset‘4d v. Additionally, if the “sid
resent, the media intervals defined by the “sidx” box shall’bé.non-overlapping, i.e. no media s
the x-th media interval (defined by the “sidx” box) in an MPU is inside the time interval define
spmple boundaries of the j-th media time interval (defined by the “sidx” box) for j different fi
the absence of an “sidx” box, the concatenation of the’y=tnh MPU of Asset with asset _id Yy with
PU of the Asset with asset id x without its MPU-fietadata results in a valid MPU. When an “s
b present, the concatenation of the k-th mediaiinterval (defined by the “sidx” box) of the j-tj
sset with asset _id v with the x-th media interval (defined by the “sidx” box) of the j-th M]
sset with asset_id x following the metadata of the MPU with asset _id v resultsina valid M

single MPU shall contain an integralmumber of AUs or non-timed data. In other words, for tin
single AU shall not be fragmented:into multiple MPUs. For non-timed data, a single MPU cont

i
A
A
A
a
dr more non-timed data items to be' consumed by presentation engine.

ary

n MPU shall be identified by:an associated Asset identification (asset_id) and a sequence nun

Asset #3 MPU #1

Asset#2 MPU #2 MPU #3

than an
| carried

| AVC or

set with
" m is not
defined
" box is
hmple in
d by the
om k. In
the j-th
i dx” box
MPU of
U of the
PU.

ed data,
ains one

nber.

\

Ny
\

Asset #1 MPU #1 MPU #3

Presentation timeline

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 H-an-MPH-is-deseribed-bythe T cuirert—The P ctirert-speciies—the-initial
presentation time of each MPU. Figure 5 depicts an example of the timing of the presentation of MPUs
from diffferent Assets that are provided by the PI document. In this example, the Pl document specifi
that the|MMT receiving entity shall present MPU #1 of Asset #1 and of Asset #2 simultaneously. At
later point, MPU #1 from Asset #3 is scheduled to be presented. Finally, MPU #2 of Asset #1.and Assdt
#2 are fo be presented in synchronization. The specified presentation time for an MPU-defines thie
presentation time of the first AU in the presentation order of that MPU. If any “c1st?bex is availablg¢
the indifated offset shall be applied to the composition time of the first sample in/the presentatio
order of|the MPU in addition to the presentation time provided by any presentation information. T
presentation time of every MPU shall be provided as part of the presentation information.

3 A = da da

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

[72)

6.5 Agset delivery characteristics

6.5.1 [General

The asset delivery characteristic (ADC) describes the '‘QoS requirements and statistics of Assets fqr
delivery] Each Asset in a Package shall be associated-with an ADC. The ADC for each Asset is used by
an MMT| sending entity to derive the appropriate\QoS parameters and the transmission parameter|s
to which a resource reservation and a deliyeyy policy may apply. The ADC is represented in jp
protocol agnostic format to be generally used by QoS control service entity defined by other standarfd
development organizations, such as IETEF,3GPP, IEEE, etc. It consists of a gos descriptor element and
a bitstieam descriptor element. ADC is.dn XML file that conforms to the schema in 6.5.3. The MIME
type of ADC is defined in B.2.

6.5.2 ADC descriptors

6.5.2.1 | QoS descriptor

The 0od descriptorelément defines required QoS levels on delay and loss for Asset delivery.
consists| of 10ss toderance attribute, jitter sensitivity attribute, class of service attribute an
bidirecfion indiéator attribute.

[oTrey

6.5.2.2 | Bitstream descriptor

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

4.5.3 Syntax

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

complexType name="QoS @degcriptorType">
<attribute name="(less tolerance " type="integer"/>
<attribute name#“jitter sensitivity" type="integer"/>
<attribute napes="class of service" type="boolean"/>
<attribute pame="bidrection indicator" type="boolean"/>
/complexType>

complexTypesname="Bitstream descriptorType">
<choice>

&ComplexType name="Bitstream descriptorVBRType">
<attribute name="sustainable rate" type="float"/>
<attribute name="buffer size" type="float"/>
<attribute name="peak rate" type="float"/>
<attribute name="max MFU size" type="integer"/>
<attribute name="mfu period" type="integer"/>

</complexType>

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

© ISO/IEC 2023 - All rights reserved 13
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6.5.4 Semantics

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

Table 1 — Value of loss_tolerance attribute

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

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

Table 2 — Value of jitter_sensitivity attribute

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

class of service — classifies the services in different classes and manages each type of bitstream in
particulpr way. For example, media aware network element (MANE) can-manage each type of bitstrear
in a parficular way. This field indicates the type of bitstream attribute as listed in Table 3.

=Y

Table 3 — Value of class_of_service attribute

Value Description

The constant bit rate (CBR) service class shall guarantee peak bit rate at any time
0 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 forymest real-time services such as video telephony, video con-
ferencing, streaming service, etc.

—

Bidirecfion indicator — If set t0y1”, bidirectional delivery is required. If set to “0”, bidirectiong
deliverylis not required.

Bitstrepm descriptorVBRTypé — when class of service is “1”,
"Bitstre>am7descriptorVBRType" shall be used for “BitstreamfdescriptorType".

Bitstrepm descript@rCBRType — wWhen class of serviceis“0”
“Bitstr >am_descriptorCBRType" shall be used for “Bitstream_descriptorType".

=)

sustainpble ‘pate — defines the minimum bit rate that shall be guaranteed for continuous delivery d
the AssdtsThe sustainable rate corresponds to drain rate in token bucket model. The sustainable|

rate is ekpressedinbitspersecond:

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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ax MFU_size — indicates the maximum size of MFU, which is MFU period*peak rate.The
ax MFU size is expressed in bytes.

6.6 Bundle delivery characteristics

6.6.1 General

The bundle delivery characteristics (BDC) describe the QoS requirements and statistics of the Bundle
for delivery. Each Bundle in a Package shall be associated with a BDC. The BDC for each Bundle is

U

B
a
d
e

6

T
0

6

T
i

H

and maximum MFU size represent the burstiness of the Bundle where burstiness is defined a

itstream descriptor element as defined in ADC.
.6.2 BDC descriptors

.6.2.1 Qos descriptor

.6.2.2 Bitstream descriptor

etween a peak rate and sustainable rate

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

xs:schema xmlns:xs="http:N/www.w3.0rg/2001/XMLSchema"targetNamespace="mmt">
<xs:element name="BundleDeliveryCharacteristic"
yvpe="mmt :BundleDeliveTy€haracteristicType">
<xs:attribute~hame="MMT package id" type="xs:string"/>
</xs:element>

<xs:complexType name="mmt:BundleDeliveryCharacteristicType">
<xsmSeduence>
<xs:element name="Bundle" type="mmt:BundleType"
inOccurg=I"l" maxOccurs="unbounded"/>
¥/ xs:sequence>
<fxS:complexType>

Kxs: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"/>

© ISO/IEC 2023 - All rights reserved

sed by an MMT sending entity to derive the appropriate QoS parameters and the trangmission
arameters to which a resource reservation and a delivery policy may apply. The BDC is repregented in
protocol agnostic format to be generally used by QoS control service entity defined by@ther Jtandard
evelopment organizations, such as IETF, 3GPP, IEEE, etc. It consists of a gos_descriptqr elemgnt and a

he gos descriptor element defines required QoS levels on delay and loss for Bundle delivery. It
onsists of the 1oss tolerance attribute, jitter sensitivitydttribute, class of service gttribute
dnd bidirection indicator attribute.

he pitstream descriptor element provides the statistics of the Bundle. It provides the paranpeters to
mplement token bucket traffic shaping such as sustainable rate and buffer size. In addition, peak rate
s a ratio

15


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

ISO/IEC 23008-1:2023(E)

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

<xs:complexType name="Bitstream descriptorType">
<xs:choice>
<xs:complexType name="Bitstream descriptorVBRType">
<xs:attribute name="sustainable rate" type="xs:float"/>
<xs:attribute name="buffer size" type="xs:float"/>
<xs:attribute name="peak rate" type="xs:float"/>
<xs:attribute name="max MFU size" type="xs:integer"/>
s:attribiute name="mfi period" type=" -integer"
</xs:complexType>
<xs:complexType name="Bitstream descriptorCBRType">
<xs:attribute name="peak rate" type="xs:float"/>
<xs:attribute name="max MFU size" type="xs:integer"/>
<xs:attribute name="mfu period" type="xs:integer"/>
</xs:complexType>
</xs:choice>
</xp:complexType>
</xs:schema>
</xml>

6.6.4 BSemantics

loss_tolerance - indicates the required loss tolerance of the Bundle for‘the delivery. The value of thie
loss toferance attribute is listed in Table 4.

Table 4 — Value of loss_tolerance attribute

Value Description

0 This Bundle requires lossless delivery.

1 This Bundle allows lossy delivery.

jitter pensitivity — indicates the required.jitter level of the underlying delivery network for thie
Bundle dlelivery between end-to-end. The vallie of the jitter sensitivity attribute is listed in Table .

Table 5 — Value of jitter_sensitivity attribute

Value Description

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

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

class of service —<€lassifies the services in different classes and manages each type of bitstream in
particulpr way. Fer\éxample, MANE can manage each type of bitstream in a particular way. This fiel
indicatep the type-of bitstream attribute as listed in Table 6.

[SFREY)

Table 6 — Value of class_of_service attribute

Value Description
The constant bit rate (CBR) service class shall guarantee peak bit rate at any time
0 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

1 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.

Uffer size — dellnes the maximum Dbuller size for delivery ol the Bundle. The buller absorgs excess
hstantaneous bit rate higher than the sustainable rate and the buffer size shall be large etlough to
void overflow. The buffer size corresponds to bucket depth in the token bucket model-The|puffer
ize of a constant bit rate (CBR) Bundle shall be zero. The buffer size is expressed inbytes.

0 = o

cak rate — defines the peak bit rate during continuous delivery of the Bundle.(The peak rate is the
ighest bit rate during every Mru_period. The peak rate is expressed in bytes per’second.

=00

MFU period — defines the period of MFUs during continuous delivery of the Bundle. The MFu_pgriod is
heasured as the time interval of sending time between the first bytexofAtwo consecutive MFUs. The
FU period is expressed in millisecond.

= 0

ax MFU size — indicates the maximum size of MFU, which is MFU%period*peak rate. Themax MFU size
5 expressed in byte.

—_

MMT package id - this field is a unique identifier of{fhe Package. This BDC describes |delivery
dharacteristics of all the possible Bundles within the scepe of this package.

Hlement Asset id - is an identifier of asset which is’an element of current bundle.
Hundle id - is an identifier of the bundle which-distinguishes bundles within the package.

Intra Bundle Priority - defines the relative priority level among assets within a bundle, which ranges
Fom “0” (highest) to “12” (lowest).

-

—

nter Bundle Priority — defines‘the relative priority level among bundles, which ranges from “0”
highest) to “12” (lowest).

f

7 ISOBMFF-based MPU

7.1 General

n MPU shalbbe a conformant ISOBMFF file that is generated according to the rules in [Z.2. The
equence number and Asset ID of the MPU are provided in the “mmpu” box to uniquely identify the MPU
ncapsulated in the file. Additionally, in case of timed media, a “sidx” box may be present to ind¢x movie
Fagments comprising the MPU. The “moov” box shall contain all codec configuration information for
ecoding and presentation of media data.

Q. h D Un N

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

Figure 7 — Examples of MPUéncapsulation

7.2 MPU brand definition

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

=}

An MPUlfile is composed of a set of.inetadata boxes that enables the MPU to be self-contained. An MPlJ
file shal] contain an “ftyp” and /mosv” boxes, should contain an “mmpu” box, and may optionally contaip
an “sid«’ box, all of which are-part of the MPU metadata. Other boxes are allowed but will be ignored |f
the parser does not recognize them.

The “mo¢v” box shall centdin at most one media track and may contain MMT hint tracks for MFUs. T

“stts”, “btsc” and<$tco” boxes shall be set to “0”). The “mvex” box shall be contained in the “moov” bop
for the f

The “mvs

Additionaldran“wmes
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.
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b) For timed media data, the file shall have at least one movie fragment.

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

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

the non-

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

between runs.

»”

f\ A 1 - daot A | iloadl {“« — pa T4 . Lolll. 1 d o 1] L. H H
ﬂlly aaul}uc dUAIlIdl y udid, a5 UtollTutu Uy al0 dllu adl , 211dIlT UT lJlClLCbl al LIIcT chllllll

“mdat” boxes, before any sample data.

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

oy

“c£dt” box should be present inside the “tra£” box of each movie fragment to provide the dec
f the first sample of the movie fragment in decoding order.

o

rst sample in presentation order of the MPU in addition to the presentation time providec
resentation information.

imed media data are stored as a track of the ISOBMFF and indexed by the “moov” and “moof”
fully backward-compatible manner. An MMT hint track guides the MMT sending entity in co
he file encapsulating MPU into a packetized media streannto be delivered using a transport
uch as the MMT protocol.

(% M o O S| = = =

on-timed media data are stored as metadata items that are described by a “meta” box. The “m
hall appear at the file level. Each file of the non-tifnted media data shall be stored as a separate
em of the MPU, i.e. it shall not be contained by any box and shall appear after any boxes of {
he entry point to the non-timed media shall be marked as the primary item of the “meta”
50/1EC 14496-12:2022, 8.11.4).

— ] = N =

7.3 MPU box

.3.1 Definition

~1

Box type: “mmpu”
(lontainer: File
Nandatory: Yes
Quantity: On€or more

The media processing unit (“mmpu”) box contains the Asset identifier of the Asset to which the
PU'belongs, as well as other information of the current MPU. The Asset identifier is used to

g of the

r sample

bde time

F any “e1st” box is available, the indicated offset shall be applied te the composition time of the

| by any

boxes in
hverting
protocol

cta” box
floating
he MPU.
box (see

current
iniquely

iden ne A globa ne MP nformation includes the sequence number of the MP
corresponding Asset.

U in the

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

item that stores the ADC.

7.3.2 Syntax

aligned (8) class MPUBox
extends FullBox (‘mmpu’, version, 0) {

unsigned int (1) is complete;
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unsigned int (1) is adc present;
unsigned int (6) reserved;

unsigned int (32) mpu sequence number;

AssetIdentifier();

aligned(8) class AssetlIdentifier ({
unsigned int (32) asset id cheme:
unsipned int(32) asset id length;
unsipned int (8) asset id value[asset id length];

7.3.3 BSemantics

[72)

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

mpu_segfence number — contains the sequence number of the current MPU. For thefirst MPU in an Asset,
the seqyence number shall be “0” and it is incremented by “1” for each following MPU. The sequend
number|is unique within an Asset.

[

asset_ifi scheme — identifies the scheme of Asset ID used in asset i value. Valid schemes are listed ip
Table 7. [There are many schemes to express identification of conteft) It is recommended to use schemg
length-vialue and not to define a new identification scheme. URLsc¢heme for MMT shall be as specified i
Annex G.

-

Table 7 — Value of asset_id_scheme

Value Description
0K00000000 UUID (universally uniqueyidentifier)
0x00000001 URI (uniform resourde identifier)

asset ifi length - the length of asset id)value.

asset ifi value — contains identifier*for the Asset. Format of the value in this field is specific to the
value infthe asset_id scheme field:

=)

is adc_present - indicateswhether the ADC is present as an XML box in a “neta” box. The MIME type d
the ADC(|file as defined in-B.2’shall be indicated in an item information box “iinf”.

8 MMT hint track

8.1 General

A MM ot by e anzi dac o MNMT cnpn i Aty vl i o Lo 4l n foo gttty A F o0 NADTT 304
n IITIIC LTI AUIN }Jl UVIULS dIT IVIIvl 1 lelullls bllLlL‘y VVILUIT ITITICO TUT LIIv I aslllhllLﬂLlUll Ul dI1i1 1IV1I1 U 111U

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

§.2.1 Definition

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

§.2.2 Syntax

Q

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

§.2.3 Semantics
dacket id - is a unique identifier for the Asset formich this hint track applies.

Has mfus flag - is a flag indicating whether;the MPUs are fragmented into MFUs or not. If this flag
5 set to FALSE, the hint track applies to the'complete MPU, i.e. each track fragment will have|a single
ample. Otherwise, each hint sample applies to an MFU.

wn =

ils_timed — indicates whether the média data hinted by this track is timed data or non-timed d3ta.

8.3 Sample format

o0

.3.1 Definition

ach media sample will be assigned to one or more MFUs. Each sample of the MMT hint tifack will
enerate one or-rore MFUs. The hint sample may omit certain bytes of an MFU if deemed redundant,
uch as the lefigth field of a NAL unit in the case of AVC or HEVC video bitstreams. For EVC, constraints
pecified in'Annex M shall be applied.

wv_n 09 i

o0

.3.2 \»Syntax

ligned (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:

bt (1) reserved2;

bt (4) quality id;

bt (6) priority id;

bit (10) view id;

bit(6) layer id;
bt (3) temporal id;
bt (7) reserved3;

8.3.3 Bemantics

sequenck number — an integer number that indicates the sequencing order of this MFU within the MPT.
Discontinuity of sequence numbers in an MPU is allowed to indicate that certain MFUs (whose sequend
number|was not in the sequence) were not processed after paeketization of MPU. Examples of MF
processing are delivery and caching by underlying network entity:

—

o

movie flagment sequence number - iS the sequence number of the movie fragment to which the medji
data of fhis MFU belongs (see ISO/IEC 14496-12:2022, 8.:8:5). The movie fragment sequence number i
an MPU|must start by “1” for the first movie fragment\of the MPU and shall be incremented by “1” fd
every sycceeding movie fragment in that MPU.

"13

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

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

item 1D|- for non-timed media datgq, this is the ID of the item that is contained in this MFU.
prioritl — indicates the priority of the MFU relative to other MFUs within an MPU.

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

value offthis field is équal to the number of subsequent MFUs in the order of sequence number that mglye;
not be cprrectly decoded without this MFU. For example, if the value of this field is equal to n, then
subsequlent MEUs'may not be correctly decoded without this MFU.

offset 1 the.offset of the media data contained in this MFU. The offset base is the beginning of t
containilngmda+” hox. MEU 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 (temporal, quality or spatial resolution).

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

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

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

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

[

aver id - indicates the identification of a scalable layer whose inforntation about sdalability
dimensions is provided in initialization information.

\O

Packetized delivery of Package

0

.1 General

—

his clause specifies an application layer transport protocel\(the MMT protocol) for packetized|delivery
f Packages and defines the MMTP payload format.

(@)

=z

OTE For non-packetized delivery of Packages, e.g-using other file delivery protocols, the MMTR payload
prmat and MMT protocol are not required.

-

The MMT protocol is an application layer. transport protocol supporting delivery of Packages over
heterogeneous packet-switched delivery nietworks, including IP-based network environmepts. The
NIMT protocol provides enhanced features for delivery of Packages such as protocol level multjplexing,
which, for example, enables various!Assets to be delivered over a single MMTP packet flow, and
delivery timing model independentof presentation time to adapt to a wide range of network jitfters and
ipformation to support Quality of'Service (QoS).

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

The MMTP payload format is defined as a generic payload format for the packetization of meldia data
domponents.of a Package. It is agnostic to media codecs used for encoded media data, so that any type of

edia data‘that are encapsulated as an MPU can be packetized into MMTP. The MMTP payloagl format
i$ also_used to packetize signalling messages. The MMTP payload format also supports fragmentation
and.dggregation of data to be delivered.

v Srts—DT strea gar e oad e e 3 g ote 15— ized 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.

WITETT S >

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 s{ngle MMTP packet flow. It delivers multiple types of data in the order of consumption to thle
receiving entity to help synchronization between different types of media data without introduéding
large de]ay or requiring large buffer. The MMT protocol also supports the multiplexing of media’dat
and signalling messages within a single packet flow.

A singlee MMTP payload shall be carried in only one MMTP packet. Fragmentation and)aggregation

MPU mdde identifies data units using their role and media position inside an.MPU. The MMT protocgl
supportp mixed use of packets with two different modes in a single delivery’session. A single packedt
flow of MMT packets can be arbitrarily composed of payloads with two typés.

The MMT protocol also provides means to calculate and remove jitter introduced by the underlyin|

delivery| network, so that constant end-to-end packet delivery delay can be achieved. By using thE
timestaip field in the packet header, jitter can be precisely calculated without requiring any additiongl
signalling information and protocols.

The MMT protocol provides priority-related informatigito enable underlying network layers or the
intermefliate network entities to map the priority information in the MMTP packet header such as
type of|bitrate, delay sentivity, transmissionyp¥iority and flow label to the network protocgl
according to predetermined priority mapping policy to support the flow control for MMTP packet
delivery] For example, when DiffServ (IETF RFC"2474) is used, this priority information may be used
to set the 6-bit DSCP value of the DS field.in the IP header. The underlying network entity supporting
Diffserv| shall then process the IP packéts according to the mapping defined by the priority-related
informafion in the MMTP packet header,

9.2.2 Btructure of an MMTP paeket

The packetization of an MRU that contains timed date is performed in a format aware mode. The typ|
filed of the MMTP packetheader is set according to

[¢)

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

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

o~

ote that MMTP does not provide an indication of the packet length and relies on lower layer
rotocols to do this. For example, when using MMTPaver UDP, the MMTP packet length is pro
he Length field of the UDP datagram.
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Figure 9 — MMTP packet header, payload and footer (V=1)

9.2.3 Semantics

e

version (V: 2 bits) - indicates the version number of the MMTP protocol. This field shall be set to

“00” to comply with this document and “01” for QoS support.

NOTE If version is set to “01”, the length of type is set to 4 bits.
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packet counter flag (C: 1 bit)-“1"in this field indicates that the packet counter field is present.

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

packets.

Valid values of this field are listed in Table 8.

Table 8 — FEC_types

NOTE
this MM

reserve

extensi
present,

RAP fla
Point (R
type its¢

reserve

Compres
whether
the redu

Indicat
header v
a refere
later useé

type (6

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

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

[=]

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

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

bn_flag (x: 1 bit) - when set to “1”, this flag indicates that th® header extension field is

b (R: 1 bit) — when set to “1”, this flag indicates that thé payload contains a Random Acces
AP) to the data stream of that data type. The exact semaftics of this flag are defined by the dat
If.

D

i (RES: 2 bits) -reserved for future use.

sion flag (B: 1 bit) - this field is added afithe beginning of the header in order to indicat
or not header compression is used. When set'to “0”, the full-size header is used; when set to “1
ced-size header is used.

-~ ®

—_—

br flag (I: 1 bit) - this field isTadded to tell the receiver whether or not the current fu
vill later be used as a reference. This field shall be set to “1” when the full header will be used 4
nce. This allows receivers to discover that this header information shall be stored as it will be
d as a reference by packetstwith reduced headers.

[72)

/ 4 bpits) - this field indicates the type of payload data. Payload type values are defined ip

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

Value Data type Definition of data unit

0xpo MPU a media-aware fragment of the MPU

0xp1 . . a generic object such as a complete MPU or an object of
generic object another type

0x02 one or more signalling messages or a fragment of a signalling

signalling message message (see 10.2)

0x03 repair symbol a single complete repair symbol (see C.4.3)
0x04 ~ 0x1F |reserved for ISO use for ISO use
0x20 ~ 0x3F |reserved for private use for private use

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

Value Data type Definition of 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 one or more signalling messages or a fragment of a signalling

signalling message 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

dacket_id (16 bits) - this field is an integer value that can be used to distinguish one As
nother. The value of this field is derived from the asset id of the Asset where this packet be
he mapping between the packet id and the asset id is signalled by the MMT Package Table g
signalling message (see 10.3.4). Separate value will be assigned to signalling messages and FR
flows. The packet id is unique throughout the lifetime of the delivery session-and for all MM
elivered by the same MMT sending entity. For AL-FEC, the mapping between packet id and
pair flow is provided in the AL-FEC message.

acket sequence number (32 bits) — an integer value that is used;to0 distinguish packets t
the same packet_id. The value of this field starts from arbitrarysvalte and will be incremente
fbr each MMTP packet received. It wraps around to “0” after the maximum value is reached. In|
pair packet for FEC Payload ID Mode 1, this field shall be replaced with rs_1D.

imestamp (32 bits) — specifies the time instance of MMTP packet delivery based on UTC. Th
i$ the “short-format” as defined in IETF RFC 5905, NTPwersion 4, Clause 6. This timestamp sped
sending time at the first byte of MMTP packet. It is ¥equired that an MMT sending entity should
ccurate time information that is synchronized with UTC.

acket counter (32 bits) - an integer valu€for counting MMTP packets. It is incremented by
n MMTP packet is sent regardless of its.packet id value. This field starts from arbitrary v
raps around to “0” after its maximum-walue is reached. All packets of an MMTP flow shall
spme setting for packet counter flég (C), which means that either all packets will have the
ounter field or none of them will have it.

ource FEC payload ID (32«bits) - this field shall be used only when the value of FEC type is §
(pee C.4.2). The MMTP packet'with FEC type = 1 shall be used for AL-FEC protection for FEC Pa
ode 0 and this field shallbe added to the MMTP packet after AL-FEC protection.

cader extension s this field contains user-defined information. The header extension mech

ypes that require additional information to be carried in the payload format header. Thg
xtension nieehanism is designed in such a way that it may be discarded without impacting thg

=1 O ot

his decument does not specify any particular header extension.

set from
ongs to.
s part of
Crepair
[T flows
the FEC

hat have
d by one
the FEC

e format
ifies the
provide

r 1 when
hlue and
have the
packet

etto“1”
yload ID

Anism is

rovided to allowZfor proprietary extensions to the payload format to enable applications and media

header
correct

rocessing,of the MMTP payload. The header extension shall have the format as shown in Figure 10.

0 1 2

3

001 23 456 78901234546 789 0123455671829
e e e T e e i e e e i s e e e e i s e i S S i S S
\ type | length
e e A e e T i e e e i A e e e e i e e e e i M Sl S S
\ header extension_ value
e T A e e T T e e e i e e e e e e e e e e e S S sl Sl Sl

Figure 10 — Structure of extension header

type (16 bits) —indicates the unique identification of the following header extension.
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length (16 bits) — indicates the length of header extension value field in byte.

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

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

flow idpntifier flag (F:1 bit) — when set to “1”, it indicates that flow identifier informationrt
used. ThHe flow identifier contains the f1ow label field and flow extension flag field. It indicates't

flow ideptifier. The application can perform per-flow QoS operations in which network reseurces are
temporgrily reserved during the session. A flow is defined to be a bitsream or a group af-bitstream
whose network resources are reserved according to transport characteristics or ADC in~-Rackage.

[72)

flow exfension flag (E: 1 bit) - if there are more than “127” individual flows, this bit is set to “1
and one|more byte can be used in extension header.

reliabiflity flag (r: 1 bit) — when “reliability flag” is set to “0” it shall indicate that the da]
are loss|tolerant (e.g. media data), and that the following “cransmissionpziority” field shall be use
to indicqte relative priority of loss. When “reliability flag”issetto “L5ithe “transmission priority
field will be ignored, and shall indicate that the data are not loss tolerant (e.g. signalling data, servide
data or :ﬂrogram data).

T = O

type of|bitrate (TB: 2 bits) — indicates the type of bit rateas listed in Table 11.

Table 11 — Value of type_of_bitrate

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

10~ 11 reserved

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

Table 12 — Value of delay_sensitivity

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

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

9.2.4 MMTP session description information

Tl MIATD 2 | saadsa ot A 1 dals Jd 4 3 3 Jdi £ i

qIic Iviivi 1’1 SOCTIJIVUIT UTSUIT llJLIUll IIITUT I11dt1vIl ula_y UCT UCTIIVTITU U TTLUTIVCTI S 111 UITITITIIU ays tO
dccommodate different deployment environments. Before a receiver is able to join an MMTB|session,
the receiver needs to obtain the following information:

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

— an indication that the session is an MMTP session;

— the version number of the MMT protocol used in the MMTP session;
Additionally, the MMTP session description information should contain\thé following informatfon:

— 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, generid objects,
and other information for consumption of a Package using the MMT protocol. The appropriate MMTP
dayload format shall be used to packetize MPUs, generic objects, and signalling messages desqribed in
10.2.

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

An MFU is a sample or subsample of timed data or an item of non-timed data. An MFU shalll contain
media data that'imay be smaller than an AU for timed data and the contained media data|may be
fdrocessed by‘thre media decoder. An MFU shall contain an MFU header that contains informatign on the
Houndaries\of the carried media data. An MFU shall contain an identifier to uniquely distinguish the
FU insid€ an MPU. It may also provide dependency and priority information relative to othpr MFUs
ithinithe same MPU.

G0 MMTD naulgad consi of apayoad-headerand payeoad-data—Somedatatypesmaydllow 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.

© ISO/IEC 2023 - All rights reserved 29


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

ISO/IEC 23008-1:2023(E)

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 dellvery of large payloads It also allows for the aggregatlon of multlple MMTP payload data
units into3a '

is perfoymed to recover the orlgmal MPU data. Several depacketlzatlon modes are defmed to address
the diffgrent requirements of the overlaying applications.

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

D =

9.3.2.2 | MMTP payload header for MPU mode

The payload type specific header is provided in Figure 11.

0 1 2 3

0 112 34 56 78 9 012 34556 7189029345 +6 78901
B e e e e e e e e i e e e e el A
| length | FT |?I£f i|A|] frag counter |
B e e e e A e e e e S e o e e S e e
| MPU sequencgniumber
-t -H-t -t -ttt -ttt -ttt -ttt -t -t -ttt —F -+ -+ -+ —
| DU length | DU Header
e T e et S T o i e e et e At S
| DU ‘gayload
B e e e e i S i e e e e e A

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

For payload that carries an(MFU, the DU header is specified depending on the value of the T flle:E
indicating whether the carriéd data are timed or non-timed media. For timed media (i.e. when the val
of T is s¢t to “1”), the DUlieader fields are shown in Figure 12. For non-timed media (T is set to “0”), thie
DU header is defined-assshown in Figure 13.
0 1 2 3
0O 1|2 3.9~5 6 7 8 901 2 3 45 6 78 9 012 3 456 789 01
e | B T i ate S e A st S S S

| movie fragment seguence number |

+-+-+-+-F+-F-+-+-+-F-F-F-F+-F-F-F-F-F+-F+-F+-F-F -+ -+ -+ -F-F -+ -+ -F+-F+-+-+
| sample number

+-t+-+-F—-F-F-t-F -t -+t -F -+ —F—-F -+ -+ —F—F -+ -+ -+ —F—F—F -+ -+ -+ -+ -+ -+
| offset
+-t+-—+—-F—-F—-F-t+—-F—-F—-F—-F—-F+—-F—F—F—-F -+ —F—F—F -+ -+ -+ —F—F—F -+ -+ —F—F+ -+ -+
| priority | dep counter |

+-t+—+—F—F—F -t —F—F—F -+ —F—F—F—F -t -+ —F—F—F -+ -+ —F—F—F—F -+ -+ —F—F+—+—+

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

9.3.2.3 Semantics

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

=

PU Fragment Type (FT: 4 bits) - thisfield indicates the fragment type and its-valid values arfe shown
n Table 13.

—

Table 13 — Data type and definition of data‘unit

FT Description CGontent

0 MPU metadata contains the ftyp, mmpu,(moov, and meta boxes, as well as any
other boxes that appeat in between.

1 Movie fragment metadata contains the moofboX and the mdat box, excluding all medja data
inside the mdatbox but including any chunks of auxiliary sample
information.

2 MFU containsasample or subsample of timed media data or an ftem of

non-timed media data.

3~15 |[Reserved for private use resetved

TMimed Flag (T: 1 bit) - this flagindicates if the fragment is from an MPU that carries timed (value 1)
dr non-timed media (value 0).

Fragmentation Indicator (f i:'“2Jbits) —thisfield indicatesthatthe fragmentation indicator fontains
hformation about fragmentation of data unit in the payload. The four values are listed in Table [14. If the
alue is set to “00”, the aggfegation flagcan be presented.

< -

Table 14 — Values for fragmentation indicator

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

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

”

the “mdal”.

offset [(32 bits) — offset of the media data of this MFU inside the referenced sample:

—

subsamplle priority (priority: 8 bits) - provides the priority of the media data carried by this MF
compar¢d with other media data of the same MPU. The value of subsample pnidrity shall be betwee
“0” and {255”, with higher values indicating higher priority.

=

dependehcy counter (dep counter: 8 bits) —indicates the number of data units that depend on theij
media pfocessing upon the media data in this MFU.

]

Item ID| (32 bits) - the identifier of the item that is carried as partof this MFU.

For the T types “0” and “1”, no additional DU header is defired:
9.3.3 [Generic file delivery mode

9.3.3.1 | General

MMTP allso supports the transport of generi¢files and Assets and uses payload type “0x01” as defined i
Table 9.|An Asset consists of one or morg-files that are logically grouped and share some commonalitly
for an application, e.g. segments of a dynamic adaptive streaming over HTTP (DASH) Representation, p
sequencg of MPUs, etc.

-

In the ggneric file delivery (GFD] niode, an Asset is transported by using MMTP’s GFD payload type.

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

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

9.3.3.2 GFD information

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

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

3.3.2.2 GFDtable

—

he GFD table provides a list of CodePoints as defined in Table 16. Each CodePoint gets.dyn
ssigned a CodePoint value. Table 15 shows the structure and semantics of the GFD tablé)

job)

Table 15 — GFD table

hmically

Element or attribute name Use Description
iFDTable the element carries a GFDTable
[odePoint 1..N defines all CodePointsvin the MMTP session
Legend:

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

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

9.3.3.2.3 CodePoints

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

— the maximum transfer length of any obje¢t delivered with this CodePoint signalling.

Ih addition, a CodePoint may include thé\following information:

- the actual transfer length of the'objects;
-+ any information that maytbe'present in the entity-header as defined in IETF RFC 2616, seq

4 a Content-LocationfTermplate as defined in 9.3.3.2.4 using the TOI and packet id para
present. The TOl and packet id may be used to generate the content-Location for each
packet_id. If such-a template is present, the processing in 9.3.3.2.4 shall be used to geng
Content-Loc&kion and the value of the URI shall be treated as the content-Location fie
entity-header;

—+ specifieinformation on the content, for example, how the content is packaged, etc.

Withifi~one session, at most “256” CodePoints may be defined. The definition of Codek
dynamically set-up in the MM TP session description.

tion 7.1;

meter, if
TOI and
rate the
d in the

oints is

The CodePoint semantics are described in Table 16.

Table 16 — CodePoint semantics

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

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

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

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

@ma TR f i “*jth I\V’l’ SpCLifiCb tlu—: llld)&illlulll tl clllbfl:l ICllgt}l ill lL)_y tCD dell_)
object delivered with this CodePoint in this MMTR
session.

@corjstantTransferLength oD Specifies if all objects delivered by this CodePojnt

default: have constant transfer length. If this attribute is set t

“false” TRUE, all objects shall have transfer lerigth as
specified in the @maximumTransferLength
attribute.

@cortentLocationTemplate 0 Specifies a template to generatethe Content-Location
of the entity header.

EntityHeader 0..1 Specifies a full entity header in the format as defined
in [IETF RFC 2616, sectieny7.1. The entity header
applies for all objects\that are delivered with the
value of this Cod€Point.

Legend:
For attrihutes: M, mandatory; O, optional; OD, optional with default value; €M, conditionally mandatory.
For elem¢nts: <minOccurs>...<maxOccurs> (N=unbounded).
Elementdare bold; attributes are non-bold and preceded with an @
9.3.3.2.4 Content-Location template
A CodePpintmayincludea@contentLocationTemplate attribute. The value of econtentLocationTemplatfe
attributg may contain one or more of the idéntifiers listed in Table 17.
In each URL, the identifiers from Table.17 shall be replaced by the substitution parameter defined ip
Table 17 Identifier matching is casé=sensitive. If the URL contains unescaped $ symbols, which do nqt
enclose p valid identifier, then theresult of URL formation is undefined. The format of the identifier is
also sperified in Table 17.
Each id¢ntifier may be suffixed, within the enclosing “$” characters following this prototype:

%0 [width]d
The widfh parameter-is an unsigned integer that provides the minimum number of characters to b
printed.|If the value 'to be printed is shorter than this number, the result shall be padded with zeros. Thie
value is pot truncated even if the result is larger.
The @cofifentlocationTemplate shall be authored such that the application of the substitution process
results in valid UKTs.

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.

shall be used.

If no format tag is present, a de-
fault format tag with width = 1

$TOI% This identifier is substituted with the Object The format tag may be present.

Identifier of the corresponding MMTP packet If no format tag s presen

ade-

containing the Grbpayload.

shall be used.

fault format tag with width = 1

@ =] oo o

g
|

g

|
¢

it

.3.3.3 File metadata
.3.3.3.1 General
iles can be transported using the GFD mode of the MMT protocol. Furthermore, the GFD mode

onsists of meta-information in the form of entity-header fields and.content in the form of a
ody (the file), as described in IETF RFC 2616, section 7.

xample, it enables the association of a Content-Location, the Content-Size, etc.

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

Table 18 — File delivery modes for GFD

can also

e used to transport entities where an entity is defined according to IETERFC 2616, section 7. An entity

N entity-

his enables that files may get assigned information by insband delivery in a dynamic fasljion. For

oo

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

.3.3.3.2 Regular file

h case of the regular file;the object represents a file.

.3.3.3.3 Reégular entity

h caseofithe regular entity, the object represents an entity as defined in IETF RFC 2616, sect
ntity ‘consists of entity-header fields and an entity-body.

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

on 7. An
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e
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enerated, then all of these entity-header fields apply to the dellvered file. Ifthe
ntity-header field is present in both locations, then the entity-header field in the
ntity-header delivered with the object overwrites the one in the CodePoint.

9.3.3.4 MMTP payload header for GFD mode

+tha CaodaPaint dofinad in tha CEN + hla cantqing i N <l FIn]r]c oF e # header fieldh can be

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

e

d

ntity-header fields can be generated, then all of these entity-header fields shall apply to the
elivered 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.

0

0 1
+-+-+
[CIL|

This may be required, for example, to signal the end of a session.
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Figure 14 — MMTP payload header for GFD mode

n in Figure 14, the GFD payload header has a variable size{ Bits designated as "padding” g
d" (r) must be set to 0 by the MMT sending entity and ignered by receivers. Unless otherwis
Limeric constants in this document are in decimal form:

Semantics

F) — indicates that this is the last packet for this session.

L) - indicates that this is the last delivered packet for this object.
-) — indicates that this packet contains the last byte of the object.

ht (CP: 8 bits) — an opaque identifier that is passed to the packet payload decoder to conve
Lion on the packet payload. The mapping between the CodePoint and the actual codec is define
session basis and commuhnicated out-of-band as part of the session description information.

bits) —areserved field that should be set to “0”.

Ft Object Ident@fier (TOI: 32 bits) —the objectidentifier should be setto a unique identifieg
neric object that is being delivered. The mapping between the object identifier and the objed
Lion (such as'URL and MIME type) may be done explicitly or implicitly. For example, a sequend
segmentsymay use the segment index as the object identifier and a numerical representatio
r as thepacket id. This mapping may also be performed using a signalling message.

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

—

]

9.3.4 Signalling message mode

9.3.4.1

General

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

9.3.4.2 MMTP payload header for signalling message mode

Figure 15 depicts the signalling message payload format header.

0 1 2 3

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 01

-+ -t -t -ttt -ttt -ttt -ttt -F-+t-+-+-F-+-+
[ £ 1] res |[HIA|] frag counter | MSG length (16+163B) |
-+ —f—t—F—t—F -ttt -ttt -ttt -ttt -t -ttt -hoF -t - -+-+
\ MSG payload
-+ -t -t -ttt -ttt -ttt -ttt -ttt -ttt -t R -ttt -+-+

Figure 15 — MMTP payload header for signalling message mode

9.3.4.3 Semantics
The semantic of each field are as follows.

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

=

Table 19 — Value of fragmentation indicator

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

ggregation flag (A:  it) - when setto “1” indicates that more than 1 signalling message i present
h the payload, i.e. multiple signalling messages are aggregated.

—- )

flragmentation couriter (frag count: 8 bits) - this field specifies the number of payload coptaining
fragments of the’same signalling message following the current fragment. This field shall pe “0” if
dogregationyflagis setto “1”.

HES (4 <oats) - this field contains bits that are reserved for future use and shall be set to “0”.

H «L bit) - this flag indicates if an additional 16 bit is used to indicate the signalling message length.

MSG_length (16+16*H bits) — this field indicates the length of the signalling message following this
field. When aggregation 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 filp'download mode (the GFD mode].

The Assgt is delivered as a set of related objects denoted as an object flow. The object may eithef b€ a
MPU, fil¢ or signalling message.

—

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

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

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

MMTP i§ suitable for unicast, as well as multicast media distributign/ To ensure scalability in multicast]
broadcapt environments, MMTP relies mainly on FEC instead ofretransmissions for coping with packg
error.

—

Before jpining the MMTP session, the MMT receiving ‘€ntity should obtain sufficient information tp
enable reception of the delivered data. This minimum ¥equired information is specified in 9.2.4.

a~

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

D

The MMT receiving entity shall be_ablé to simultaneously receive, de-multiplex, and reconstruct thie
data deljvered by MMTP packets ¢f different types and from different object flows.

A single]MMTP packet shall carry exactly one MMTP payload.
9.4.2 Pelivering MPUs
9.4.2.1 | MMT sending entity operation

9.4.2.1.1 .Timed media data

The MPUmuode s usedtotransport MPUssent by asenmding entity toareceiving emntity-

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 “m

oof” 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 “m
of the MPU, is then split into multiple delivery data units of MFU in a format aware way. This

dat” box
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”.

wul

ach MFU is prepended with an MFU header, which has the syntax and semantics as defined‘in
bllowed by the media data of the MFU.

-

This procedure is described in Figure 16.

8.3.Itis

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

[ \ 1\ I\ \ \ I \ \\ \\ \ \ \

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

[ I\ A \ \ \ I 1\ A \ \ \

[ "\ (Y \ \ \ I 0 (Y \ \

[ " A \ \ \ I n A \ \ \
Fragment Fragment

MPU metadata 5 MFU || MFU [------ MFU 5 MFU || MFU |----- MFU

metadata metadata

Figure 16 — Payload generation-for timed media

9.4.2.1.2 Non-timed media data

The packetization of non-timed media data may.also be performed in two different mode
NMPU format agnostic mode, the MPU is packetized into delivery data units of equal size (excep
last data unit, of which the size may differ) 0t predefined size according to the size of the M]

fdacket header specified in 9.2.2 is set to “0x00” to indicate that the packetization is format
mode.

Ih the format agnostic mode, the MPU shall be packetized into the packet containing deliv
ynits of either MPU metadataior MFU by using MPU mode as defined in 9.3.2. The delivery d
df MPU metadata contains.the “ftyp” box, the “moov” box, and the “meta” box and any other bq

5. In the
t for the
U of the

yUnderlying delivery network by using the, GFD mode as specified in 9.3.3. The type field of the MMTP

agnostic

bry data
ata unit
xes that

dre applied to the whole'MPU. The FT field of the MMTP payload carrying a delivery data unif of MPU
metadata is set to “9x04”. Each delivery data unit of MFU contains a single item of the non-timef media.
The rr field of the-MMTP payload carrying a delivery data unit of MFU is set to “0x02”".

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

ftyp mmpu moov meta [tem #1 [tem #2
Z L L \\

| // / Vo \

i /// /// \\‘ \‘\ \\\

| pd / [ \

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.

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

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

o

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

-

9.4.3 Pelivering generic objects

9.4.3.1 | Basic principles for GFD and applications

The filep delivered using the GFD mode may "have to be provided to an application, for exampl¢
presentation information documents or a Media Presentation Description as defined in ISO/IEC 23009+
may refér to the files delivered using MMTP as GFD objects.

=c

The file| shall be referenced thrpeugh the URI provided or derived from content-Location, eithgr
providedl in-band as part of an entity header or as part of a GFDT.

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

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

9.4.3.2 | MMT sending entity operation

9.4.3.2.1 General

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

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

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

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

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

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

H) The start offset field in the GFD payload header shall be set to X and the payload.datafshall be
added into the packet to send.

d IfX+YisidenticaltoT,

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

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

The following procedure is recommended for a MMT sending entity to deliver an object to generate
fdackets containing start offset and corresponding payload{data.

d) Setthe byte offset counter X to “0”.
H) For the next packets to be delivered, set the length'in bytes of a payload to a value Y, which|is
1) reasonable for a packet payload (e.g. enstite that the total packet size does not exceed the MTU),
2) such that the sum of Xand Y is at mest T, and

3) such thatitis suitable for the payload data included in the packet.
d Generate a packet according to-the rules 1) to 3) above.

d) IfX+YisequaltoT,

— set the payload header flag B to “1”

else

— set the pdyload 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 infreasing
start_olIlsel uumbw ib I ULUllllllt!lldEd.

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
— Xis
— Yis

from the beginning of byte X and ending at the beginning of byte X + Y where
the value of start_offset field in the GFD payload header, and

the length of the payload in bytes.

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

9.4.3.2.]

When tH
GFD mo
Any obijg

The deli

Other w|

9.4.3.3
The GFD

Upon re

a) The
itis

b) The
a m|
pro

c) The
the
recq

1y

2)

3)
4)

8 GFD table delivery

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

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

hys of delivery of the GFD table may be possible, but are outside the scopelofithis document.

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

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

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

= »n

MMT receiving entity should process~the remainder of the payload, including interpretin
pther payload header fields appropfiately and using the start offset and the payload data t
nstruct the corresponding object as follows.

O 0q

[72)

The MMT receiving entity.can determine from which object a received GFD payload wa
generated by using the GEDT and by the TOI carried in the payload header.

Upon receipt of the first GFD payload for an object, the MMT receiving entity uses the Maximurmn
Transfer Length.réceived as part of the GFDT to determine the maximum length T’ of thie
object.

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

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

5)

6)

42

The MM T Teceivingentity attocates—aBooteamrarray RECEIVEDTO-T~twithratt—Tentries
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.

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

i) LetXbe the value of the start offset field in the GFD payload header of the MM TP packet
and let Y be the length of the payload, computed by subtracting the MMTP packet and GFD
payload header lengths from the total length of the received packet.
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ii) The MMTP receiving entity copies the data into the appropriate place within the space
reserved for the object and sets RECEIVED[X ... X+Y-1] = true.

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

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].

4.4 Header compression for MMTP packet

9.4.4.1 General

lowlianl

everely reduce the size of headers, it has two major drawbacks.

W

-+ Itrelies on complex computations/coding techniques (described in protogol stacks profiles)
quite heavy on the receiver’s side.

some filtering and most of the decoded packets are rejected.

et

[ provides two types of headers as follows.

— Full-size headers are sent regularly and may be used ds a reference for reduced-size heade

- Reduced-size headers contain differential information with regard to the last full-sizg
received that is marked as a reference header

chieved. Additionally, a link to the reference header packet is added in all compressed pa
hake sure that the last full header (reference) packets received is indeed the one that shall be
eference. Such robustness mechanism-is needed as reference packets may actually be lost.

= 09 90

The header compression method\applies on the MMTP packet header. For this, a bit (B) is int
at the beginning of the original header (or at least in the initial fixed part of the header that is
tp the full-size header and/reduced-size header) to simply inform whether or not the present |
fhll-size or reduced size.

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

]

h order to letthe receiver know that a full-size header will be used as a reference by a further
ize header,an extra bit (I) is also added at the beginning of the full-size header in order to mark
hat will-be’used as a reference later.

&

herefore, by sending only differential inforination instead of full information, bits saving$

eader compression provides the method to reduce the size of the header; techniques such as the
obust Header Compression (RoHC defined in IETF RFC 3095) may be used. While stich technjque can

thatare

—+ Itisnotatransparent technique and headers need to be entirely.decoded, even when it is only to do

['S.

header

can be
ckets to
Ised as a

roduced
Common
eader is

er fields
Id.

educed-
headers

headers

ince packet losses may also happen in the network itis 1mportant that even when reduced-size

imber is

1ntr0ducedforMMTPpackets andmandates that thefull 51zeheaderlsused 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
01 2 3 45 6 78 901 2 3 4 9 01 23456 7890 1d

5 6 7 8
+-4+-+-+-+-+-F+-+-+-+-+-F+-+-F+-+-+-F-+-F+-+-+-F-F+-F-F+-F+-—-F-+-F+-+-+-+-+
|[V=1|B|X|Q|F|E|Refchecksum| delta timestamp |
+-—F+-+—F-F+—-F+—-F-F—F-F—-F+—F—-F—F—-F—F—F—-F—F—F—F—F -t —F—F—F+—F -+ —F—F—+—F+ -+
| packet counter
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| payload data LA
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| source FEC payload ID
tot ettt -t —t—F—t -ttt -ttt -ttt =Pt -t -+ -+ — 4

Figure 18 — MMTP packet with reduced header (B = 1

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

Compreskion flag (B: 1 bit) - this field is added at the beginning of the header in order to indica]
whethei| or not header compression is used. When set to “0”, the'full-size header is used; when set to “1
the redyced-size header is used.

-~ > ®

—

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

[72)

The redyiced-size MM TP packet header int¥educes new additional fields with their own semantics.

Referenfe checksum (RefChecksum#\ 6 bits) — contains a 6 bits checksum value that allows MM
receiving entity to verify that thetast reference MMTP packet received is indeed the one that shall b
used for] decompressing currenf MMTP packet header. The checksum value shall be calculated base
on the timestamp value and(packet sequence number (total 64 bits) value of the MMTP packet wit
full headler to be used as réference. BSD checksum (8) algorithm is used to compute the checksum by
Referenfte checksum fieldis set to last 6 bits of the result which is 8 bits.

—~ = = D =

delta tlimestamp (L% bits) —contains the difference between the timestamp field of the reference ful
size heafler and the value that would be in the current packet timestamp field if the full-size header was
used. This difference is coded in a way similar to the 19 least significant bits of an NTP timestamp. If t
differenfe betiwveen these two timestamps is larger than 8 s (and therefore goes beyond the maximu
duration that can be coded on 19 bits), then a packet with a full header shall be sent in order to provi
a new timestamp reference value Tor 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

access point.

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

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

o

) packet idisnotin the range of 0 to 255;

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

—_—

acket header compression is optional on MMTP sending entities and MMTP;receiving
onsequently, MMT receivers shall ignore packets with the B field set to “1” if\they do not
MTP header compression.

(an)

MTP receiving entities shall not try to decode a reduced-size header for which the full r
eader has not been received, whether because the receiver has just joinéd the stream or th

ith a full reference header has been lost. MMTP receiving entities shall always wait for pack

reference header (1 field set to “1”) before they can start or restart{in case of packet loss of r
eader) the header decoding.

0 Signalling

0.1 General

his clause specifies the signalling function off MMT. It defines a set of message formats to
tp communicate signalling information negessary for the delivery and consumption of P

he delivery of signalling messages using the MMT protocol is also specified in this documg

entities.
support

cference
e packet
ets with
cference

be used
ackages.
ent. This

ocument specifies the message formatfor carrying signalling tables, descriptors or the jielivery-

lated information. A signalling table has a set of elements and attributes for specific s
ipformation. A signalling table may;also include descriptors that carry more detailed informat
presentation of the signalling'messages shall be as specified in Annex B.

0.2 Signalling message format

0.2.1 General

MT signalling\messages use a general format consisting of three common fields, one spec

gnalling
on. XML

ific field

(for each signalling message type), and a message payload. A message payload carries signalling

information.

Spectively.

heAsyntax and semantics of a general signalling message format are given in 10.2.2 anT 10.2.3,

10.2.2 Syntax

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

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

© ISO/IEC 2023 - All rights reserved

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
T
extension
message payload f{
}
}

10.2.3

message
are liste

version

MMT re

length + this field indicates the length of the signalling message. This field for all signalling message
except HA messages and MPI message is 2 bytes long. Thedength of PA messages and MPI messages i

4 bytes
a 2 byte

extensi
The con

message
the valu

10.3 Si

10.3.1

This suk
to Packd
signallif
presentd
efficient

Semantics

| id - this field indicates the identifier of the signalling message. Valid message identifier value
d in Table 101.

[72)

o

- this field indicates the version of the signalling message:Both the MMT sending entity an
Ceiving entity can verify whether a received message has/a new version of not.

wn n

ong because it is expected that occasionally an MPI table whose length cannot be expressed by
5 length fields. Also, note that a PA message inéludes at least one MPI table.

bn — this field provides extension information for signalling messages that require extension.
ent and length of this field are specified for these signalling messages.

| payload - the payload of the signalling message. The format of this field can be identified bly
e of the message_id field.

gnalling messages for Package consumption

General

clause specifies/signalling messages that are used to exchange signalling information related
ge consumption. As mentioned above, a signalling message may contain signalling tables. Each
g table €arries information on a specific aspect of the Package, such as a Package structur¢
ition jhformation document or clock. Signalling messages can aggregate multiple tables fd

an MPI t

r
sighalling information exchange. For example, an MPI message delivers an MPI table only gr
able and a corresponding MP table. The relationship between a message and a table is shown ip

Figure 19.
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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)
MPI message MPT message
MP table (subset N) (subset N)
(subset 0) MPI table MP table
(subset N) (subset N)
MP table
CRI table (subset N)
CRI message DCI message
DCI tabl
ave CRI table DCI table

A PA message shall carry a PA table, an MP table (either complete or subset 0), an MPI tabl
omplete or subset 0) and a DCI table. A PA message may carry a CRI table. An MPI message sh
n MPI table and may carry an MP table. An MPT niéssage shall carry an MP table. A CRI mess
rry a CRI table. A DCI message shall carry a DCI'table. An MPI message and an MPT message c
several subsets of the complete information needed for efficient delivery and redundancy redu

Q

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

b (either
hll carry
hge shall
An carry
ction.

ome signalling tables share the same structure of signalling information. For efficient exchange of

those signalling information, a set of deseriptors are defined in 10.5.
0.3.2 PA message

0.3.2.1 General

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

Package.

PA message also-cdrries an MPI table (either complete or subset 0) and an MP table (either djomplete

r subset 0) for delivery of the minimum information for the processing of the Package.

n MMT receiving entity shall process a PA message before it processes any other signalling mgssages.
0.3.2:2 Syntax
hesyntax 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

mesdage payload {
for (i=0; i<N1l; i++) {

table ()

10.3.2.3 Semantics
message| id — indicates the identifier of the PA messages.
version|- indicates the version of the PA messages.

length - a 32-bit field for conveying the length of the PA messdge in bytes, counting from the beginninig
of the n¢xt field to the last byte of the PA message. The value0” is not valid for this field.

number pf tables - indicates the number of signalling tables included in this PA message.

table il —indicates the table identifier of a table included in this PA message. It is a copy of the table|
id field In the table included in the payload of this PA message.

—

table vkrsion - indicates the version of a table included in this PA message. It is a copy of the versio
field in the table included in the payloadofithis PA message.

table 1pngth — if the table is not an\MPI table, it is a copy of the length field in the table included ip
the mesdage payload of this PA niessage. If the table is an MPI table, it is the length derived from the
length ajnd the extension length part. In this case, the derived length is a value that equals “the actugl
length” 1 5.

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

10.3.3 MPI message

10.3.3.1 General

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

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 | Mne¢monic
MPI message () {

message id 16 uimsbf
version 8 uiESbf
length N1 32 uimsbf
extension {

reserved “111 1119 7 uimsbf

associated MP_table flag 1 bslbf

}
message payload {
MPI_ table()
if (associated MP table flag) {
MP table ()

10.3.3.3 Semantics
message id - indicates the identification of the MPI message.

version — indicates the versionof the MPI message.

|

ength — indicates the lehgth of the MPI message in bytes, counting from the beginning of the next field
D the last byte of the MPI message. The value “0” is not valid for this field.

—

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

o =

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 of the MPT message is defined in Table 23.

Table 23 — MPT message syntax

Syntax Value No. of bits Mnemonic
MPT megsage () {
mesgage_id 16 uimsbf
vergion 8 uimsbf
length 16 uimsbf

mesgage payload {
MP_table ()

10.3.4.3 Semantics
message| id — indicates the identifier of the MPT message.

version|- indicates the version of the MPT. message. The MMT receiving entity can check the version gf
the recejved message contained in this field:

length 4 indicates the length of the MRT message. The size of this field is 16 bits. The length of the MP[l
messagg is in bytes, counting from the beginning of the next field to the last byte of the MPT messagg.
The valye “0” is not valid for this field.

MP tablp () - MP table defirted in 10.3.9.
10.3.5 [CRI message

10.3.5.1 General

wn

This message carries clock-related information to be used for mapping between the NTP timestamp
and MPEG2-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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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

=<

=

10.3.6 DCI message

10.3.6.1 General

Q =

onsumption.

10.3.6.2 Syntax

—

message _id - indicates the identifier of the CRI message.

dr1_table()- a CRItable is defined in 10.3.10.

he syntax of the DCI message'is defined in Table 25.

Table 25 — DCI message syntax

ersion - indicates the version of the CRI message. An MMT receiving eftity can check the version of a
eceived message using this field.

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

he DCI message delivers a DCI table that provides required device capabilities for the [Package

message payload {

Syntax Value No. of bits Mnemg@nic
CI message @ i
message.id 16 uimspf
version 8 uimspf
léngth 16 uimspf

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.

© ISO/IEC 2023 - All rights reserved
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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 PAtable

10.3.7.1 General

APA talJle provides information on all other signalling tables for the consumption of a Package.

10.3.7.2 Syntax

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

Table 26 — PA table syntax

Syntax Value No. of Mnemonic
bits
PA table () {
table id 8 uimsbf
vergion 8 uimsbf
length 16 uimsbf
infqrmation table info {
number_of_ tables N1 8 uimsbf
for (1i=0; 1i<N1l; i++) {
signalling information_ table id 8 uimsbf
signalling information table version 8 uimsbf

location {
MMT general location_imfo()

}

reserved “1111 111”7 7 bslbf
alternative location flag 1 bslbf
if (alternatiyesJocation flag == 1) {

alternafive location {

MMT general location_info()

}

reserved “1111 111”7 7 bslbf
private _extension flag 1 bslbf
if (private extension flag == 1)

private extension {

}
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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 informatio
older version.

n in any

length - indicates the length of the PA table in bytes, counting from the beginning of the next field to

the last byte of the PA table. The value “0” is not valid for this field.

y — e ] 1 E<torth o ] ot L et this PA
thble.
fignalling information table id — indicates the ID of a signalling table whose.information is
grovided in this PA table.
fignalling information table version —indicates the version of a signalling table whose infdrmation
i$ provided in this PA table.
MMT general location info - provides the location of a signalling table whose information is provided
ip this PA table. Syntax and semantics of MMT general location_ infoare-defined in 10.6.1.
giternative location flag - if this flag is set to “1”, an alternative address from where an MMT
receiving entity can get the information table is provided.
MMT general location info alternative location - provides the information of an alternatiye
dddress from where an MMT receiving entity can get the signalling table. Only
location type from “0x07” to “0x0B” shall be used in 4MF" general location info for a second |ocation.
Hrivate extension flag — if this flagis “1”, the privdte extension is present.
grivate extension — a syntax element group“serving as a container for proprietary or application-
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 case of|a subset
df a presentation information document, MPI tables for each subset are delivered in separate nmjessages.
10.3.8.2 Syntax
The syntax ofthe MPI table is defined in Table 27.
Table 27 — MPI table syntax
Syntax Value No. of bits | Mngmonic
MPI table () {
table id 8 uimsbf
version 8 uimsbf
length N1 16 uimsbf
reserved “1111” 4 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; 1i<N2; i++) {
MPIT descriptors_byte 8 uimsbf
}
}
PI_content count N3 8 uimsbf

for (—=0—=N3T—7+—¢
PI content type {

PI_content_ type length N4 8 uimsbf

for (3=0; J<N4; Jj++) |

PI_content type length byte 8 uimsbf

BI_content name_length N5 8 uimsbf
flor (3=0; J<N5; Jj++) |
PI_content name byte 8 uimsbf

HI content descriptors ({
PI_content_descriptors_length N6 16 uimsbf
for (i=0; i<N6; 1i++) {

PI_contnent descriptors_byte 8 uimsbf

BI_content_length N7 16 uimsbf
flor (3=0; J<N7; Jj++) |
PI_content byte 8 uimsbf

10.3.8.3 Semantics

table ifi - indicatesthe identifier of the MPI table. A complete presentation information document and
each suljset of a presentation information document shall have distinct table identifiers. The processi
order of{subsets-of a presentation information (PI) document is specified by this information. Since t
table il values are assigned contiguously, the PI subset number can be deduced from this field, i.e. t
PI subsdt@umber equals this field minus the tab1e id of the base MPI table. The number 0 indicates
base Pl and the numbers “T"~“I4"Tndicate 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
is received if table idindicates a complete MP], if subset 0 MPI has the same version value as this field
(when pPT_mode is “1”), or if all MPIs with the lower-subset number have the same version value as this
field (when p1_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

C

hange.

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 P, if it has not received subset-2 Pl with the same version.

I

v il @)

—_n 2

— =

=

[snsliliav]

==y}

“order irrelevant processing mode” and with the layer number of this MMT-PI set to nen
MT receiving entity should process a PI right after it receives the PI as long as the subset |01
h an MMT receiving entity has the same version as this PI. In “independent _processing(mode”,
f each subset of PIs are managed individually. Fragmented PI is adapted in this mode. The
T mode is specified in Table 28.

Table 28 — Value of PI_mode

Zero, an
[ stored
versions
value of

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

ounted from the next field to the end of the MPIT ‘deScriptors syntax loop. Several descript
nclude information on the whole MPIT can be inserted in this syntax loop.

PIT descriptors byte —a byte in the MPIT déscriptors syntax loop.
I _content count - indicates the number.of PI contents delivered in this MPI table.

I content type length — indicatesthe length of the content type of this PI content exclu
erminating null character. The gontent type must be one of the MIME media types registers
ANA website, i.e. http://www.iand.org/assignments/media-types.

T content type byte — a(byte in the content type string of this PI content excluding the terr
ull character.

I content name lémgth - indicates the length of the name string of this PI content exclu
erminating null €haracter.

I content.néme byte — a byte in the name string of this PI content excluding the termina
haracter

I content descriptors length — indicates the length of the PI content descriptors synt
helength is counted from the next field to the end of the PI content descriptors syntax loop

PIT descriptors length — indicates the length of the .MPIT descriptors syntax loop. The length is

ors that

Hing the
d at the

ninating

Hing the

ing null

ax loop.
Several

P

P

P

Y oot s Liad Y 43 +lao DI £ £ L 3 ad i £l 4+ 1
Coll llJLUl O LAl ITICIUUT TITIUT ITIAtIUIT UIT UIIT 1T 1T CUTILTHIT Call DT IIISTI LTU 11T LIS Dy IILAdA lUUp.
I _content descriptors byte —a byte in the PI content descriptors syntax loop.

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

I _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.\| YMnemonic
MP table() {
table id 8 uimsbf
version 8 uimsbf
length 16 uimsbf
resefved “11 1111” 6 bslbf
MP t3able mode 2 bslbf

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

MMT package_id_length N1 8 uimsbf

for (i1=0; 1i<N1; i++) {

MMT package id byte 8 uimsbf

MH table descriptors ({

MP_table descriptors_length N2 16 uimsbf
for (i=0; i<N2; i++) {
MP_table descriptors byte 8 uimsbf
}
}
}
numbgr of assets N3 8 uimsbf

for (i=0; i<N3) i++) {

Identifier mapping()

agset\ type 32 char
reserved “1111 11> 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__g'énEra.L_.Loca tIom_1Inro()
}

}

asset descriptors {
asset_descriptors length N5 16 uimsbf
for (3=0; j<N5; J++) {

asset_descriptors_byte 8 uimsbf

10.3.9.3 Semantics

tlhble id - indicates the identifier of the MP table. As,complete MP table and each subset MP tahles shall
se different table identifiers. The subset number‘of the MP table is implicitly represented by this field.
ji;nce the table id values are assigned contigueusly, the MP table subset number can be deduged from
t

o

is field, i.e. the MP table subset number equals this field minus the tab1e id of the base MP tgble. The
P table subset number provides the subset number of this MP table. The number “0” indidates the
ase MP table and the numbers “1"~"“14%indicate a subset of MP table. The number “15” has @ special
meaning since it indicates a complete MP table.

low

ersion - indicates the version of the MP table. The newer version overrides the older one as spon as it
as been received. If the Mp «tdble mode is not set to independent mode and a subset 0 MP table with a
newer version number is réceived, all MP table subsets with a higher subset number (excluding Jomplete
P tables) that were previously stored by the MMT receiving entity shall be treated as outdated. When
the MP table subset-number is not “0” and MP table mode is “01”, the contents of the MP table subset

ith a version different from that of the subset 0 MP table stored by an MMT receiving entity|shall be
ignored. Also, when the MP table subset number is not “0” and MP table mode is “0”, the contents of the

P table subset-With a version different from that of lower-subset MP table subsets stored by jan MMT

ceiving entity shall be ignored. The version number wraps around after reaching “255” and|shall be
incremented by one for every version change.

=0 <

ength'- contains the length of the MP table in bytes, counting from the beginning of the next field to
thedast byte of the MP tahle. 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 “order_irrelevant_processing_mode”
10 “independent_processing_mode”
11 Reserved

MMT package 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 character.

MMT package id byte — a byte in the MMT package id. When the MMT package id byte is string, the
terminafing null character is not included in the string.

[}

asset_tppe — provides the type of Asset. This is described in affour character code (“4CC”) typ
registerpd in MP4AREG (http://www.mp4ra.org).

MP tablf descriptors — this field provides descriptors for the\MP table.

MP tablf descriptors length - contains the length of‘the descriptor syntax loop. The length i
counted|from the next field to the end of the descriptor'syntax loop. Several descriptors can be insertefd
in this syntax loop.

[72)

MP tablf descriptors byte — one byte in the déscriptors loop.
number pf assets - provides the number0f-Assets whose information is provided by this MP table.
Identiffier mapping - provides information of identifier mapping as defined in 10.6.3.

asset cllock relation flag - indicates whether an Asset uses an NTP clock or other clock systems als
the clock reference. If this flag 1s#1”, asset clock relation id field is included. If this field is “0”, thie
NTP clo¢k is used for the Asset:

asset cllock relation~ia/- provides a clock relation identifier for the Asset. This field is used tp
referende the clock ré€lation delivered by a cR1_descriptor () for the Asset. The value of this field is one
of the cllock relatisn id values provided by the CRI descriptors (see 10.5.1).

asset_tlimescale flag - indicates whether “asset timescale” information is provided or not. If thi
flag is “|l”,Asset timescale field is included and if this flag is set to “0”, asset timescale is 90,000
(90 kHz).

[%2)

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.
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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
dr changed by MMT sending entity or MANE.

10.3.10CRI table

10.3.10.1 General

The CRI table defined in Table 31 is delivered by the CRI message. Also, it may be delivered|by a PA
message.

10.3.10.2 Syntax

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

Table 31 — CRI table syntax

Syntax Value No. of bits Mnemg¢nic
RI table () |
table id 8 uimspf
version 8 uimspf
length 16 uimspf
number of CRI descriptor N1 8 uimspf

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

CRI descriptor() 152 uimspf

10.3.10.3 Sémantics
tlhble id - indicates the table identifier of the CRI table.

versiom=sindicates the version of the CRI table. The newer version overrides the older one as spon as it
i$ received.

1 4_1,\ lY}dll"\fﬂ(‘ t]ne 131«(\'{']« nF f]r\a f‘DT f—f\]f\]n l‘nnv\ter] 1n l"nyfno off\vfn/\g fram tha ]r\anﬂnvnng {\F i-he next

f1e1d 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 of DCI table is defined in Table 32.

Table 32 — DCI table syntax

Syntax Value No. of bits~| Mnemonic
DCI talle() {

table id 8 uimsbf
vergion 8 uimsbf
length 16 uimsbf
number of assets N1 8 uimsbf
for | (i=0; i<N1; i++) {

asget id()

mine type ()

regerved “111 1111”7 7 bslbf
codec_complexity flag 1 bslbf
if |(codec complexity flag == 1) {

if (top level mime type == video) {

video codec complexity {

video average bitrate 16 uimsbf
video _maximum bitrate 16 uimsbf
horizontal resolution 16 uimsbf
vertical resolutipn 16 uimsbf
temporal resolution 8 uimsbf
video minimum buffer size 16 uimsbf
}
}else if (&dp level mime type == audio) {

audievcodec complexity {

audio_average bitrate 16 uimsbf
audio maximum bitrate 16 uimsbf
audio minimum buffer size 16 uimsbf

}
else {
download capability {
required_storage 32 uimsbf
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Table 32 (continued)

Syntax Value No. of bits | Mnemonic

10.3.11.3 Semantics

table id - indicates the identifier of the DCI table.

vlersion — indicates the version of the DCI table. The newer version overrides the older one ag soon as
the DCI table is received.

llength — indicates the length of the DCI table in bytes, counting from the beginning of‘the nexf field to
he last byte of the DCI table. The value “0” is not valid for this field.

—

rumber of assets - indicates the number of Assets.

dsset id - provides the identifier of the Asset as defined in 10.6.2.

ct

op_level mime type — indicates the media type part of the MIME ‘type as given in the mimgd type ()
yntax element. MIME types are defined in RFC 2046.

(%)

dodec _complexity flag - if this flagis “1”, codec complexity information is provided.
Wlideo codec complexity —indicates the complexity the video decoder has to deal with.
Wlideo average bitrate - indicates the average bitrateof the video in kilo-bit/s for the whole Asset.
video maximum bitrate —indicates the maximum.bitrate of the video in kilo-bit/s for the wholg¢ Asset.
Horizontal resolution - indicates the horizental resolution of the video in pixels.
vertical resolution - indicates the vertical resolution of the video in pixels.
tlemporal resolution - indicatestheaverage temporal resolution of the video in frames per sefond.

ideo mimimum buffer size % indicates the minimum size of video decoder buffer that neefls to be
vailable in kilo-bytes.

SR

dudio codec complexity.— indicates the complexity the audio decoder has to deal with.
gudio_average bitxzte - indicates the average bitrate in kilo-bit/s for the whole Asset.
gudio maximupWitrate —indicates the maximum bitrate in kilo-bit/s for the whole Asset.

dudio mifimum buffer size - indicates the minimum size of audio decoder buffer needs to be
drocessed in kilo-bytes.

dotfiload 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
length 16 uimsbf
number_of_loop 8 uimsbf
for (i=0; i<N; i++) {
layout_number 8 uimsbf
device id 8 uimsbf
number _of region 8 uimsbf
for (3J=0; j<M; Jj++) {
region_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 pf loop — This field spegifies the number of combination of layout and device, which are

configufed in this Table.

layout humber — This field specifies layout number. The layout number ‘0’ means the default layout. Onle

layout irjcludes multiple devices.

device [id - This fieldspecifies device number. The device id ‘0’ means the main device.

number pf regidn This field specifies the number of regions in the specified device.

region_humbe¥ — This field specifies region number. The region number ‘0’ means the default regio
Differenft @evices in the same layout have different region number.

t

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.

62
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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

described-imATexE-Therg are five
ware request is sent fromna’receiving
MT entity to a downloadable DRM/CAS server. The message for DRM and CAS SW requiest iy defined
in this subclause.

10.3.13.2 Syntax

The syntax of SSWR message is defined in Table 34.

Table 34 — SSWR message syntax

Syntax Value No. of bits Mnermonic
SWR message () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload {
token ID {
token ID URI length N1 8 uinjsbf

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

token ID URI byte 8 uin}sbf

}

Number of deviceID N2 8 uimsbf

for (i=0; 1i<N2;~i¥%) |
device ID{

deviceID length N3 8 uimsbf

for (j=0; J<N3; j++) |

deviceID byte 8 uimsbf

}

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
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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

message|

version
length A

tokenID
by a tru

devicel

Asset/P

tokenIs

D-CASs

tokenlIs
will be

tokenEx
will be

MMT sig

by dowr]
10.3.14

10.3.14
The LS

3 Semantics

id - indicates the type of MMT signalling messages.

- indicates the version of MMT signalling messages.

indicates the length of MMT signalling messages. The value “0”‘is hever used for this field.

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

b — provides the identification of device(s) under theToken. If the MMT client wants to consumjie
hckage of two different devices, then multiple Deviee IDs should be provided.

sureID - identification of trust entity that issues a Token. This field is to be used by the D-DRM|
erver to verify the validity of the Token.

bueTime — a time at which the Token isissued. The unit of this field is second. The NTC formdt
sed.

[

bireTime — a time at which the Token is expired. The unit of this field is second. The NTC form3
sed.

haling table info - provides the information of MPT related to Package/Asset to be descriptef
loaded DRM or CAS.

.S message

1 General

nessage carries the license information targeted to a specific receiver or group of receivers.

This infi

rmation 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

64

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 uimspf
license message hash 8*N2 uimspf
encrypted license data length N3 16 uimspf
encrypted license_data 8*N3 uimspf

}
}

10.3.14.3 Semantics
message id - indicates the identifier of the PA messages.

version - indicates the version of the PA messages.

o

[0)]

= 0O

& < 0

hrgeted receiver)or group of receivers.
10.3.15LR message

10.3.15.1 General

ystem_id - provides the UUID that uniquely ideiitifies the DRM system.
rumber of licenses - provides the number, ¢flicenses in the LS message.

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

gncrypted license datd 1éngth — provides the length of the encrypted license data.

length — a 32-bit field for conveying the length of the LS\message in bytes, counting from the bg¢ginning
f the next field to the last byte of the LS message. Thé.value “0” is not valid for this field.

1license message hash - the license:message hash code is used to identify the target receiver ¢r group
f receivers for the enclosed license. The license message hash is generated by the content de¢ryption
hodule in the same way as thelicense server. The hash generation algorithm is DRM system specific.

ncrypted license(data — contains an encrypted license that corresponds to the license message of
Uhich the hash value is included in this message. The license is encrypted using the certificafe of the

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
nymber_of_tiTenses NT 32 Timsbf
fqr (1=0; i<N1;i++) {
encrypted license challenge length N2 16 uimsbf
encrypted license challenge 8*N2 uimsbf

10.3.15

message
version

length A
of the n4q

System
number
encrypt

encrypt
encrypt

10.3.16

10.3.16

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

10.3.16

The syn

3 Semantics
| id - indicates the identifier of the LR messages.
- indicates the version of the LR messages.

a 32-bit field for conveying the length of the LR message in bytes, counting from the beginninig
xt field to the last byte of the LR message. The value“0” is not valid for this field.

i d — provides the UUID that uniquely identifies the DRM system.
bf licenses - provides the number of licensés in the LS message.

bd license challenge length — provides the length of the encrypted license challenge.

v

bd license challenge — containshan encrypted license challenge. The license challenge i
bd using the certificate of the targeted receiver or group of receivers.

SI table

1 General

o

2 Syntax
rax.of\the SIT is defined in Table 37.

Table 37 — SIT syntax

66

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
}
}
SYyoLEIIFLrovider {
systemProvider URL length N3 8 ujimsbf
for (i=0; i<N3; i++) {
URL byte 8 uimsbf
}
}
reserved “1111 114" 7 slbf
encryption_flag 1 Islbf
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 ulmsbf
for (i=0; 1i<N5; is%) {
keySize byte 8 ulmsbf
}
}
keyUrl {
key URL length N6 8 ujmsbf
Tor” (1i=0; 1<N6; 1i++) {
URL byte 8 ujmsbf
}
}
initializationVector ({
initializationVector_ length N7 8 ulmsbf
for (i=0: i<N7: ja+s)
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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68

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
}
T
ivUrlTemplate {
ivUrlTemplate length N10 8 uimsbf
for (i=0; 1i<N10; i++) {
length byte 8 uimsbf
}
}
reserved “1111 111”7 7 bslbf
authentication flag 1 bslbf
if (authentication flag == 1) {
digestUrl {
digest URL length N11 8 uimsbf
for (i=0; 1i<N11; i++) {
URL byte 8 uimsbf
}
}
digestURLTemplate {
digestUrlTemplate length N12 8 uimsbf
for (i=0; 1i<N12; A%¥) |
length byte 8 uimsbf
}
}
signatureUel {
sighature URL length N13 8 uimsbf
fod (i=0; 1<N13; 1i++) {
URL byte 8 uimsbf
}
}
signatureURLTemplate {
signaturelrlTemplate length N4 8 wimsbf
for (i=0; i<N14; i++) {
length byte 8 uimsbf
}
}
signaturelLength {
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
i
}
}
number _of License N17

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

license Url {

licenseUrl_length N18 8 ulmsbf
for (J=0; 3j<N18; j++) |
URL byte 8 uimsbf

}

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

length byte 8 ulmsbf

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

10.3.16.3 Semantics
tlhble id - indicates the ID of SIT.

ersion < indicates a version of SIT. The newer version overrides the older one as soon as it has been
eceived:

= <

[a—)

gl — provides the length of SIT counted in bytes starting from the next field to the last byfe of the

Ty, 1 “unn : A £, £lia £ .11
I, T varat— U 5o oveT aSTU 10T TS TICTUS

»)

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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keySize

- provides the size of initialization vectors in bytes.

keyUrl - provides the URL for key derivation.

1v - provides the initialization vector.

ivUrl -

provides the URL for initialization vector derivation.

keyUrlTemplate — provides the template for key URL generation.

ivUrlTe

Authent
digestU
digestU
signatu

signatu
value.

signatu
the norn

signatu
License

license
specifie

license

10.4 Si

This suk
to Packd

10.4.1

10.4.1.1

The HR
transmi
broadcal
recogniz

p1:+a-prnvﬁdpcfhpfpnqﬂqufhrIVIIRI generation

i cation — this optional element gives the information required for authentication.

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

r1Template — provides the template for creating the URL used for retrieving the-digest value.
Feurl - provides the URL used for retrieving the signature value.

reUrlTemplate — provides the template for creating the URL used for retrieving the signatur

D

reLength — provides the length of the signature. It shall appear onlyif the length is shorter thap
nal output size of the signature algorithm.

rekeyUrl - provides the URL for the key used for the signature.
- this optional element provides the information to getthe License.

r1 — the license format can be in some standard-ones or be dependent on the system that i
[l with systemId of the System element.

[72)

Ur1Template — specifies the template for license URL generation.

gnalling messages for Package delivery

clause specifies signalling messages that are used to exchange signalling information relatefd
ge delivery except AL_FEC message which is defined in Clause C.6

Hypothetical receiver, buffer model (HRBM) message

General

BM is described in Clause 11. An HRBM message provides information on end-to-en
5sion delay‘and memory requirement to an MMT receiving entity for efficient operation in
5ting environment. As the HRBM is applied per MMTP sub-flow, the MMT receiving entity ca
e the\corresponding sub-flow for which it received HRBM information through the packet i

[ON= RN Ry e

of the M

MFP packet that carried the HRBM signalling message.

10.4.1.2 Syntax

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
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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
T
}
10.4.1.3 Semantics
message id - indicates the identifier of the HRBM message.
version — version of the HRBM messages. An MMT receiving entity can~us€ this field to check the
version of the received HRBM message.
llength - length of the HRBM messages in bytes, counting from the first’byte of the next field tq the last
hyte of the HRBM message. The value “0” is not valid for this field.
max buffer size - provides information for the required maximum buffer size in bytes of MMT Assets.
flixed end to end delay — provides information for fix%ed end to end delay between the|sending
gntity and the receiving entity in millisecond.
max transmission delay - provides information fel‘the max transmission delay between the|[sending
gntity and receiving entity in millisecond.
NOTE Fixed end-to-end delay is calculated by summing the max transmission delay and
HEC protection window time (refer to AL-FEC message in C.6).
10.4.2 Measurement configuration’(MC) message
10.4.2.1 General
NIC messages are used for transport measurement and reporting configurations. The MC message
fdrovides multiple measurement configurations on multiple reporting messages at once. The
measurement configliration defines reporting type, measurement times, and the number of reporting
messages that fellows the same measurement configuration. The reporting configurations are jncluded
ih each measurément configuration, and it provides ID of desired reporting message, reporting period,
nd the MMTsending entity address where the reporting message shall be sent.
0.4.2,2" Syntax
he-syntax of the MC message is defined in Tahle 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
——TUMber —Of YEpOTtS NZ 8 Wmsbf
for (3=0; J<N2; J++) {
reporting message id 16 uimsbf
reporting period 16 uimsbf
}
}
}

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

version|- indicates the version of the messages. The MMT recéiving entity may check whether thie
version pf the received message is new or not. The newer version overrides the older one as soon as it is
been reqeived. The length of this field is 8 bits.

length 4 indicates the length of the messages in bytes,\counting from the beginning of the next field tp
the last pyte of the MC message. The value “0” shall wot be used for this field.

(i

number pf configurations - indicates the number of measurement configurations. The measuremer
configul ation consists of reporting type,Nmeasurement start time, measurement duration, and
number|of measurement result reports.

[s9)

=

reportihg type —indicates how often the measurement results shall be reported to the reporting MM
sendinglentity. Valid values for this-field are described in Table 40.

Table 40 — Value of reporting_type

Valug Description
00 Start meaSurement immediately and stop measurement at the appointed time
01 Startand stop measurement at the appointed time
10 Startmeasurement at the measurement condition
11 Stop measurement 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
packetr idshall be ignored

0.4.3 ARQ configuration (AC) message

0.4.3.1 General

RQ configuration information, which includes the policy to be adopted by theMMT sending entity and
MT receiving entity in the event of packet loss, shall be transmitted at the beginning of a sg¢ssion as
he ARQ configuration (AC) message from the transmitting MMT sending entity to the MMT receiving
ntity either in-band or out-of-band.

O ct

10.4.3.2 Syntax

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

Table 41 — AC message syntax

Syntax Values No. of bits Mnemonic
AC message() {
message_id 16 uimpbf
version 8 uimgbf
length 16 uimsbf
message payload{
flow_label_flag 1 bslbf
if (flow label flag =519 {
fb_flow_label 7 uimsbf
} else {
reser'ved “1111 111”7 7 bslpf
}
delay-constrained ARQ flag 1 bslpf
number of packet id N1 7 uimsbf
for (1=0; 1i<N1; i++) {
packet_id 16 uimsgbf
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

flow la
of rtx f

fo_flow

messagd. The f1ow label will be allocated to guarantee higher priority for the AF message along the
delivery| path. This parameter will be presented only if the value of fiow 1abel flag-parameter is sdt

to 1.

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

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

rtx winflow timeout - indicates the retransmit window timeout..An MMT sending entity will kee

an MMT|P packet in buffer until the timeout, and thus availablefowretransmission. The timeout for

certain

receiving entity can infer whether the MMTP packet is available by referencing the timestamp field i
the MMTP packet header. The unit is milliseconds.

arg_ser

messagd to request lost MM TP packets.

NOTE
simplicit

10.4.4

10.4.4.1 General

In the e

messagg is generated aceording to the information of the AC message and then transmitted to the MM

sending
a mask
packets,

for the AF message is shown in Table 42.

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

” shall not be used.

bel flag - indicates whether fb_flow label exists. If the value is set to 1, the value
low label parameter is present.

[ 1abel - indicates the flow label to be used when the MMT receiving entity sends an AF

p
a
MMTP packet starts when the MMT sending entity sends the MMTP packet. Thus, the MM[T
n

rer address - indicates address of servers taxwhich the MMT receiving entity can send the AF

The location_type of MMT general locarion info () will be restricted to 0x01, 0x02 and 0x05 fqr
.

ARQ feedback (AF) message

rent of packet loss_this loss is detected by the MMT receiving entity. An ARQ feedback (AH

entity. When the MMT receiving entity detects that one or more packets have been lost, it form
bf up to 255 bytes where each bit in a byte corresponds to a sequence number of lost MMT
This allgws the AF message to report up to 255x8 lost packets in one AF message. The synta

X O \vn 1 —

10.4.4.2 Syntax

The syntax of the AF message is defined in Table 42.

Table 42 — AF message syntax

Syntax Values | No.ofbits | Mnemonic
AF message () |
message_id 16 uimsbf
version 8 uimsbf
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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
TT(argument_type == UJ 1
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 ui]:sbf
if (delay constrained ARQ mode ==01) {
arrival deadline 16 uimsbf
}
for (i=0; 1i<N1; i++) {
mask_byte 8 uimsbf
}
}
if (argument type == 1) {
reserved 1 1 blbf
number_of packet id N2 7 uimsbf
if (delay constrained_ ARQ mode == 01) {
ARQ feedback_timestamp 32 uimsbf
}
if (delay constrained ARQ mode == 10) {
propdgation_delay 32 uimsbf
}
for (€&07 i<N2; i++) {
packet_id 16 uimsbf
packet_sequence_number 32 uimsbf
masklength N3 8 uimsbf
1 f (dalo noetrainad RO _mad — ﬂ'\){
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 thle
lost packets to the server. Valid values for this field are described in Table 43.

Table 43 — Value of argument_type

Value Description

Packet counter based ARQ. 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 numbé&r,

delay cpnstrained ARQ mode - indicates the type of delay constrained ARQ. Valid values for this field
are desdribed in Table 44.

Table 44 — Value of delay_constrained_ARQ_mode

Value Descrjption

No time constrained ARQ. ARQ serverdoes 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 timéstampand arrival deadline,to help the serv-
er decide whether to retransmit or not.

Delivery-time constraihed ARQ. MMT receiving entity sends AF message,
10 with propagation delay only, to help the server decide whether to re-
transmit or net.

11 Reserved forfuture use.

number pbf packet id - indicates the number of packet id that has lost packets.
delay cpnstrained AR@.flag - indicates the present of arrival deadline field information.

ARQ feefiback timestemp — indicates the NTP time at which the ARQ feedback is sent from the MMl
receiving entity.

MMT regé€iving entity calculates the propagation delay by the subtracting the NTP time at the deliver
instant of @ MMT pacKet from the N TP Time at the arrival instant of the MMT packet. I N€ propagation
delay can be an average result of a propagation delay measured within the measurement duration.

propagafiod delay — propagation delay for the MMT packet to arrive at the MMT receiving entity. Thg

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 la
represents fractional part.

023(E)

st 8 bits

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”.
10.4.5 Reception quality feedback (RQF) message

10.4.5.1 General

feedback

Delay 1, Tgp

| Tes(i) | MMTP packet (i)

MMT
receiving i ; >
entity Delay 1 | I Delay 2
l ! !
; Tgr(i) Tpr

(DB 1= Tyuli) - Tys(1)]

Figure-20 — Round trip time (RTT) calculation

n MMT receiving entity ‘provides information in the feedback to allow the MMT sending ¢

he delivery time of the’MMTP packet from the MMT sending entity to the MMT receiving entif

e s W W e S o S o N >

NTP timeat delivery instant of the feedback report, i.e. feedback timestamp) from the Ty g (N

[elay Y'and Delay 2.

10.4.5.2 Syntax

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

Table 45 — RQF message syntax

An MMT receiving entity can send the reception quality feedback to the MMT sending entity p inform

the reception quality of the received MMTP packet flow by using RQF messages. An MMT rgceiving
gntity needs to keep track of reception quality per MMT sending entity.
MMT Tgs(i) Ths
sending | - >
entity Reception quality

ntity to

dlculate the round trip time (RTT) and the process is as shown in Figure 20. In Figure 20, Delay 1 is

y. Delay

is calculated bycthe subtracting T (i) (NTP time at delivery instant of i-th MMTP packet) from T g(i)
NTP time at artiyal instant of i-th MMTP packet). The Delay 2 is the delivery time for the MMTP packet
fom the MMEreceiving entity to the MMT sending entity. The Delay 2 is calculated by subtracfing Tg g

TP time

at arrivalinstant of the feedback report). Thus, the MMT sending entity can calculate the RTT by adding

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 {
Rropagation delay 32 uimsbf
feedback_timestamp 32 uimsbf

}
}

10.4.5.3 Semantics
message| id — identifier of the RQF message. The length of this field is 16 bits:

version|- version of the RQF message. An MMT receiving entity can use'this field to check the version gf
areceivgéd message. The length of this field is 8 bits.

length 4 length of the RQF in bytes, counting from the first byte of the next field to the last byte of the
RQF megsage. The length of this field is 16 bits and the valuet‘0*is not valid for this field.

packet [loss ratio — ratio between the number of lgst MMTP packets and the total number qf
transmifted packets. This value is equivalent to taking the integer part after multiplying the logs
fraction|by 256. The packet loss ratio is a resultineasured within the measurement duration which
can be cplculated between measurement start time and measurement stop time Or can be provided by
average| bitrate period.

inter afrival jitter — deviation of the difference in packet spacing at the MMT receiving entitly
comparg¢d with the MMT sending entity for a pair of packets, measured in timestamp units. It cap
be estimated based on the time difference between the arrivals of adjacent MMTP packets. Thie
inter afrival jitter is an avefage result measured within the measurement duration which cap
be calcylated between measuremént start time and measurement stop time or can be provided bl
average| bitrate period.

RTT_pafameter - paramgeter used for calculating the round trip time (RTT). RTT is the length of ti
required for the MMTP packet to be sent and the length of time it takes for an acknowledgement to b
received. When coimputing the RTT, the MMT sending entity records the time when the feedback is
received. RTT is\calculated by subtracting the feedback timestamp from the recorded time and addi
the progagation delay.

propagalbioh 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.

18-4-6 NAMHfeedback {(NAMF}Hnessage
10.4.6.1 Syntax
The syntax of the NAM feedback is defined in Table 46.
Table 46 — NAM_Feedback message syntax
Syntax Value Nl;)i.t(s)f Mnegmonic
FAMF message ( ) |
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload{
CLI id 8 uimsbf
NAM flag 1 boplean
mobile info_descriptor flag 1 boplean
media quality descriptor_flag 1 boplean
reserved ‘111171 5 uimsbf
if (NAM flag == 0) {
relative available bitraté 8 uimsbf
relative buffer fullneis 8 uimsbf
relative peak bitrate 8 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
yelse if (NAM flag == 1) {
|_2vailable bitrate 32 wimsbf
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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Table 46 (continued)
Syntax Value Nt?i.t(s)f Mnemonic
SDU loss_ratio 8 uimsbf
}
if (mobile info descriptor flag == 1)

mobile_info_descriptor ()

1f (megdia qu;ﬂi‘?‘\ dathﬂ'p#mr flag == 1)

media quality measurement ()

10.4.6. Semantics
message| id — indicates the NAMF message ID. The length of this field is 16 bits.

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

-

length {indicates the length of NAMF messages. The length of this fieldds"16 bits. It indicates the lengt
of the NAM feedback message counted in bytes starting from the next field to the last byte of the NA}
Feedbadk message. The value “0” shall not be used.

—

NAM flap - indicates whether the NAMF message contains absolute NAM information or relative NAM
information. The value “1” should be set, if the NAMF message contains absolute NAM information.

CLI_id-isan arbitrary integer number to identify thissNAM among the underlying network.

relativk available bitrate — the available bitrate change ratio (%) between the current NAM
information and the previous NAM information,

relativp buffer fullness - the remainingBbuffer fullness change ratio (%) between the current NAM
information and the previous NAM information.

relativp peak bitrate —the peak-bitrate change ratio (%) between the current NAM information anf
the previous NAM information.

availablle bitrate — is the-hitrate that the scheduler of the underlying network can guarantee to thie
MMT stfeam. The availgblé bitrate is expressed in kilobits per second. Overhead for the protocols ¢f
the undé¢rlying network isnot included.

puffer [fullness~ the buffer is used to absorb excess bitrate higher than the
availablle bitraté. Thebuffer fullness isexpressed in bytes.

peak bifrdte'- the peak bitrate is the max1mum allowable b1trate that the underlying network cah
assign t
protocols of the underlylng network is not 1ncluded

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 spu loss ratiois afraction of SDUs lost or detected as errorneous. Loss
MMT packets can be calculated as a function of spU_1oss ratioand spu_size.
The spu_loss ratiois expressed in percentile.

ratio of

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.

obile info descriptor flag - indicates whether mobile info descriptor isincluded or n
set to ‘1, the descriptor is included.

=

edia quality descriptor flag - indicates whether media quality descriptor isincluded
is set to ‘1, the descriptor is included.

—_

=

obile info descriptor — indicates a descriptor defined in 10.5.7 whicH Jincludes cellula

= »n

hessage while set mobile descriptor flagas ‘1

edia quality descriptor — indicates a descriptor defined in 10:5.8 which includes medig

=

= W

lessage while set media quality descriptor flagas “1°

jlitter duration - indicates total duration of playbackdbufferunderrun measured during th
pecified in MC message in milliseconds. The length of this field is 32 bits.

(%)

10.4.7 Low delay consumption (LDC) message

)

0.4.7.1 General

he LDC Message provides information-‘required to decode and present media data by t
eceiving entity before it receives metadata such as movie fragment headers. This message i
hat the duration of each sample-is'fixed as signalled by default sample duration in Track
ox and the coding dependency-structure is fixed across an Asset. When this message is used, t
f decoding time of the firstssample of MPU is smaller than the presentation time of the first s
he MPU by the sum of base presentation time offset and the largest value of sample compd
ime offset value paired’sample composition time offset signis “1”

[ e e N w w B e S |

=

0.4.7.2 Syntax

The syntax ofithe low delay consumption message is defined in Table 47.

Table 47 — Low delay consumption message syntax

bt. If it is

br not. If

I device

pecific information. It is reported to a MMT sending entity when triggerted by MC message in NAMF

quality

pecific information. It is reported to a MMT sending entity when triggered by MC message in NAMF

e period

he MMT
ndicates
Extends
he value
hmple of
sition
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Syntax Values No. of bits Mn¢monic
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
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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 Semantics
message| id - indicates the identifier of the LDC message.

version|- version of the LDC messages. An MMT receiving entity can use this field-to ‘¢heck the version
of the received LDC message.

(i

length 1 length of the LDC messages in bytes, counting from the first byte of'the next field to the lag
byte of the LDC message. The value “0” is not valid for this field.

base prfsentation time offset — provides information about the fime difference between decodin|
time angl presentation time in microseconds. Presentation time.6f each sample shall be greater tha
the decqding time with this value. This shall not include any difference between the decoding time an
presentation time of samples incurred due to reordering of decoded media data.

coding Hependency structure flag - provides an indication that the decoding order and presentatio
order of|samples are different each other. If this flag isset to “0”, the decoding order shall be same wit
the presgentation order of samples. If this flag is set:t@’'1”, the decoding order shall be different from t
presentation order of samples and detailed composition time offset shall be provided in this messag
for the dlient to calculate the appropriate decoding time and presentation time of the samples.

[}

jom

period pf intra coded sample — providesithe number of samples between two independently code
samples

sample fomposition time offset~sign — provides the arithmetic sign of offset added to the differenge
betweer decoding time and condpgsition time of sample.

sample fomposition time (3f£fset value — provides the value of the offset added to the difference
betweer) the decoding time and the composition time. If the value of

sample fomposition _fime offset sign is “0”, then the difference between the value of composition
time and the value ofdecoding time is decreased in microseconds. If the value of

sample Fompositign time offset sign is “1”, then the difference between the value of composition
time and the valu€ of decoding time is increased in microseconds.

10.4.8 Hypothetical 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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The syntax for HRBM Removal message is defined in Table 48.

Table 48 — HRBM Removal message syntax

023(E)

for (i=0; i<number of operation mode; i++) {

Syntax Values No. of bits Mnemonic
HRBM Removal message ( ) {
message_id 16 uimsbf
version 8 uinsbf
length 16 winsbf
message payload {
number_of operation_modes 8 uimsbf

data_removal_type 8 uimsbf
max_decapsulation buffer size 32 uinsbf
}
buffer management valid 1 bs]bf
reserved uinsbf

10.4.8.3 Semantics

llength - length of the

= =

nessage_id - indicates the identifier of the HREM Data Removal message.

version — version of the HRBM Data Removal messages. An MMT receiving entity can use this
check the version of the received HRBM D4Ba Removal message.

fleld to the last byte of the HRBM Bata Removal message. The value “0” is not valid for this field
rumber of operation modegha'provides the number of operation modes a client can choose to

data removal type — provides the information for the type of operation mode of client remoy
econstructed at the(MMTP de-capsulation buffer defined in HRBM in Clause 11. For each
equired buffer sizeis provided (The list of available values are in Table 49).

HRBM Data Removal messages in bytes, counting from the first byte of

Table 49 — data_removal_type values

field to
the next
bperate.

ing data
mode, a

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-capsulation buffer shall be carried in the media data based on external specification.

10.4.9 ADC message

10.4.9.1 General

An ADC message carries information on ADC which defines QoS requirements and statistics of Asset fqg
deliveryf and their associated QoE quality information in alignment with ISO/IEC 23001-10. Addition4
operatinjg points can be derived from stream sub-representation via a new sample @G<oup inde
structufe. This is especially useful for low delay streaming applications where quality~ean be trade
for delay reduction. This information can be used by the MMT-aware intermediate network entities fqg
QoS-managed delivery of Assets. To provide more accurate information, the MMT se€nding entity ca
update parameter values within ADC message and send it periodically or aperiodieally. ADC informatio
delivery|can be done both in per-Asset basis and per-MPU basis considering jts'\size.

_ = M X = =

10.4.9.2 Syntax

The syntax of the ADC message is defined in Table 50.

Table 50 — ADC message syntax

Syntax Value No. of bits Mnemonic
ADC megsage () {
mesgage_id 16 uimsbf
vergion 8 uimsbf
length 32 uimsbf
mesdage payload {
validity start time 32 uimsbf
validity duration 32 uimsbf
ADC_level flag 1 boolean
flow label flag 1 boolean
reserved 6 uimsbf
if (ADC lewel) flag == 1) {
MPU»sequence_number 32 uimsbf
}
packet_id 16 uimsbf
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++) {
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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
J
if (class_of service == 1)
bitstream descriptor vbr{
sustainable rate 16 uimgbf
buffer size 16 uimgbf
peak_rate 16 uimgbf
max MFU size 8 uimgbf
mfu_period 8 uimgbf
lelse
bitstream descriptor cbr{
peak_rate 16 uimgbf
max MFU_size 8 uimgbf
mfu_period 8 uimgbf
}
if (flow label flag == 1) {
flow_label 7 uimsbf
reserved 1 uimgbf
}
}

10.4.9.3 Semantics
ressage_id - indicatesthe identifier of the ADC messages.

version — indicates,the version of the ADC messages.

[

ength — a 324bitfield for conveying the length of the ADC message in bytes, counting from the b¢ginning
f the nextfield to the last byte of the ADC message. The value “0” is not valid for this field.

o

alidity start time - indicates the time when the updated ADC message starts to be valid in|UTC.

<

valddity period duration - indicates the validity period duration of the updated ADC messdge 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.

bitstrepm descriptor vbr —When class of servicels 1,
this field shall be used for “Bitstream descriptorType”.

bitstream_descriptor_cbr - when class of service is “0” this field shall be used for “Bitstream
descrip:orType".

n_samplps — defines the samples associated with this particular operating point.

spatial| quality — defines the spatial quality associated with samples that ar€,conforming to the
[ISOBMFF quality format. Examples are PSNR and MSE.

temporall quality — defines the temporal quality or distortion associated’ with samples that are
comput¢d from the ISOBMFF frame significance values.

aggregafe rate — defines the bitrate associated with the operating point.

=)

sustainpble rate — defines the minimum bitrate that shall be guaranteed for continuous delivery d
the Assdt. The value of this field corresponds to drain rate in.the token bucket model. The value of thi
field is expressed in bytes per second.

[72)

buffer pize — defines the maximum buffer size for delivery of the Asset. The buffer absorbs exceg
instantgneous bitrate higher than the value of sus€inable rate and the butffer size shall be larg
enough to avoid overflow. The value of this field corresponds to bucket depth in the token bucket mode
The valye of this field of a constant bit rate (CBR)}-Asset shall be zero. The value of this field is expresse
in bytes

=T 0 wn

peak rafe — defines peak bitrate during eontinuous delivery of the Asset. The value of this field is thie
highest pitrate during every Mru_perted. The value of this field is expressed in bytes per second.

MFU perfod - defines period of ;MFUs during continuous delivery of the Asset. The MFU_period
measurg¢d as the time interval of sending time between the first byte of two consecutive MFUs. The
value oflthis field is expres$edin millisecond.

max_ MFU| size — indicates the maximum size of MFU, which is MFU period*peak rate. The value of this
field is expressed in bytes.

flow label —indicates the flow identifier. The application can perform per-flow QoS operations in which
networHl resources are temporarily reserved during the session. A flow is defined to be a bitstream g
a group|of-bitstreams whose network resources are reserved according to transport characteristiq
Or ADC 1T Pa\,}\asc. It ;D dall illllJ}iL,;t oC1T ia} uulubc1 fl UIIll “G" tU “127". All dal bltl al_y uuulbcx iD aabisuc

temporarily during a session and refers to every individual flow for whom a decoder (processor) is
assigned and network resource can be reserved.

wn =

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
FK message () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload{
ip addr version 2 uimsbf
reserved 11 11171 6 uimsbf
MMT package id {
MMT package_id_length N1 8 uimsbf
for (i=0; i<N1; i++) {
MMT package id byte 8 uimsbf
}
}
if (ip_addr version == 00) {
ipv4_src_addr 32 uimsbf
} else if (ip addr version == 01) {
ipv6_src_addr 128 uimsbf
}
src_port 16 uimsbf
mobile info'descriptor()
}
10.410.3 Semantics

message_1d — IMAICAteS the MeSsage 1D- 1 e fengtitof this fietd 15 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.

© ISO/IEC 2023 - All rights reserved 87


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

ISO/IEC 23008-1:2023(E)

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 pac —
null character.

MMT pac

ipvd srf addr - This field is the IPv4 address of the sender of the packet. The length ¢f'this field is 3

bits.

ipv6 srf addr - This field is the IPv6 address of the sender of the packet. The length of this field is 12

bits.

src_porf - This field indicates the sending port number. The length of this-field is 16 bits.

mobile [info descriptor —indicates a descriptor defined in 10.5.7.
10.4.11Media Resource Identification (MRI) message

10.4.11{1 General
An MM

10.4.11{2 Syntax

Syntax qf the MRI message is shown'in Table 53.

Table 53 — MRI message syntax

kage id byte — a byte in the MMT package id. When the MvT package id byte is string, thie
terminafing null character is not included in the string.

sending entity can send the media resource-identification information to the MMT receivinig
entity tp provide the information of media resaurce (MMTP) allocation information by using MRI
messaggs. By using the MRI message, the MMT sending entity notify the media content locations
transmipsion delivery type information, schedule information to MMT receiving entity.

_ threterrortheird " _ _ re—exchrdmet L

Py

Syntax Value | No. of bits | Mnemonig
MRI medsage ( ) {
megsage_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
medsagepayload(
number_of MMT package N1 8 uimsbf
for (i=0; i<N1l; 1i++ {
MMT package id {
MMT package _id_length N2 8 uimsbf
for (i=0; 1<N2; i++) {
MMT package_id _byte 8 uimsbf
}
}
delivery type 4 uimsbf
88 d
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}
consumption MMT sending entity address({
MMT general location_info()

}

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
ToT (1=U; 1JN4; 1FFT 1
mpu_sequence_start_number 32 imsbf
mpu_sequence_end_number 32 imsbf
MMT general location_info()
valid_time start 64 imsbf
valid time duration 64 :Emsbf

10.4.11.3 Semantics

=09 <

hessage is new or not. The length-ofthis field is 8 bits.

o

The value ‘0’ shall not berused.

=

ull charaeter.

=

=

—+

briminating null character is not included in the string.

rumber of MMT package€ id - indicate the number of MMT_package.

message id - indicates MRI message ID. The length of this field is 16 bits.

MMT package id y~this field is a unique identifier of the Package that is being served.

ersion - indicates the version of MRIimessages. MMT receiving entity may check whether the received

llength - indicates the lengthwf MRI messages. The length of this field is 16 bits. It indicates the length
f the MRI message counted in bytes starting from the next field to the last byte of the MRI message.

MT packagesid length - the length in bytes of the MvT package id string, excluding the termpinating

MT “patkage id byte - a byte in the MMT package_id. When the MMT package id byte is string, the

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
asset i

locatio
delivere

of assets - provides the number of Assets in each MMT Package.
d - identifier of Asset which is included in the current MMT package.

n_count - provides the number of location information for an Asset. Set to ‘1’ when an Asset is
d 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.

L i +1 1 £ MNDLL 1. £ | | i 2 4+
mpuiseq Aeuk,eieuuiuuuu)eL = IIIUICdAdtitto UtIIT 1dsSt Vi1 U DCL[L[CIILC ITUIITUTT Ul TAalll 1UCAdtlUIl 11T dIl aS55CL.
MMT genpral location info - provides the location information of Asset. Syntax and semantics of
MMT gengral location info are defined in subclause 10.6.1.
valid_tfime start - indicates a UTC time in NTP format corresponding to valid start-time of MM[l
session.
valid_tfime duration - indicates a UTC time in NTP format corresponding to valid stop time of MM[T
session.
consumpfion MMT sending entity address - indicates the location of MMT sending entity that

receives measurement results from each MMT receiving entity. The syntax and semantics are the same

of MMT g
10.4.12

10.4.12

An MM’
or 3rd p
message

eneral location info thatis defined in subclause 10.6.1.

Consumption reporting (CR) message

1 General

receiving entity can send the consumption reporting information to the MMT sending entit|
hrty application MMT sending entity to provide the information of received MMTP by using C
s. An MMT receiving entity provides infermation in this message to allow the MMT sendin

A

entity t¢ count the number of MMT receiving: entities which receive specific media content’'s MMT

packet. By using the CR message, the MMT\sending entity decides transmission access type whic
means that MMT sending entity send thetAMMTP packet of specific media content to MMT receivi
entity tHrough the determined transmission access type.
10.4.12)2 Syntax
Syntax gf the CR message is.shown in Table 55.
Table 55 — CR message syntax
Syntax Value | No.ofbits | Mnemonic

CR mesdage (Y

messade_id 16 uimsbf

versiqn 8 uimsbf

length 16 uimsbf

}

90

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; i<N2; i++){

asset_id()

mpu_timestamp descriptor()

delivery type 4 uimsbf
reserved 4 uimsbf
i
}

=0 <

< O

= =

o =

= @ =3

al

m

¢

d

0.4.12.3 Semantics
essage_id - indicates CR message ID. The length of this field is 16 bits.

ersion - indicates the version of CR messages. MMT receiving entity niay check whether the
hessage is new or not. The length of this field is 8 bits.

alue ‘0’ shall not be used.

ull character.
MT package id byte - a byte in the MMT (package_id. When the MMT package id byte is st

erminating null character is not included in*the string.

ntity in case it is a mobile devicexWhen MMT receiving entity is a cellular mobile device, it
hobile-specific attributes including MSISDN or Cell ID which are also defined in 3GPP.

sset_id - identifier of Asset'as defined in 10.6.2 which is included in the current MMT packa

pu timestamp descriptsr - provides presentation time of the first AU of MPU in presentati

resents this descriptor shall be ignored.

Table 56 — Value of delivery_type field

received

ength - indicates the length of CR messages. The length of this field is 16 bits. It indicates the length
f the MRI message counted in bytes starting from the next field.to the last byte of the CR message. The

MT package id - this field is a unique identifier of theipackage that MMT receiving entity received

MT package id length - thelength in bytes of the MMT package id string, excluding the termpinating

ring, the

obile information descriptor () l~contains information which is associated with MMT receiving

an have

ge.

bn order

dfter application of@ny offset such as the one provided by ‘elst’ box. When presentation infgrmation

elivery type— indicates type of MMT session of the MMT package delivery as shown in Table 56.

Value Description

0001 Broadcast delivery only

0010 Unicast delivery only

0011 Hybrid delivery
0100 ~ 1111 Reserved

10.4.13Distributed Resource Identification (DRI) message

10.4.13.1 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

92

Syntax Value r‘:l;li.t;f Mnemonic
DRI meqsage ( ) {
megsage_id 16 uimsbf
verfsion 8 uimsbf
lenjgth 16 uimsbf
megsage payload{
MMT package id {
MMT package id_length N1 8 uimsbf
for (i=0; i<N1; i++)
MMT package _id byte 8 uimsbf
}
number of assets N2 8 uimsbf
for (i=0; 1<N2; i++) {
asset_id()
packet_id 16 uimsbf
priority type 2 uimsbf
reserved 11 11171 6 uimsbf
valid time start 64 uimsbf
valid_time duration 64 uimsbf
if (priority type == 00) {
primary mediass@urce_ location({
MMT general logcation_info()
delivery_type ()
}
} elsedif (priority type == 01) {
gkternative media_ source_location{
number of alternative N3 8 uimsbf
for (i=0; N3; i++) {
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 .
Syntax Value bits Mnemonic

10.4.13.3 Semantics

message_id - indicates DRI message ID. The length of this field is 16 bits.

<

ersion - indicates the version of DRI messages. MMT receiving entity may check whethet the received
hessage is new or not. The length of this field is 8 bits.

=

[

ength - indicates the length of DRI messages. The length of this field is 16 bits.Jt indicates tHe length
df the DRI message counted in bytes starting from the next field to the last byteof the DRI message. The
alue ‘0’ shall not be used.

<

MMT package id - this field is a unique identifier of the Package that(is)being served.

=

MT package id length - the length in bytes of the MuT package_ id string, excluding the terpinating
ull character.

=

=

MT package id byte - a byte in the MMT package_id.(When the MmMT package id_byte is string, the
brminating null character is not included in the string.

—

rumber of assets - provides the number of Assetgwhose information is provided by MP tabl

D

gsset_id - indicates the asset id of another Asset on which the dependent Asset associated with this
descriptor depends. The order of the id-s prévided in this descriptor is such that the concatenation of
NPUs as defined in section 6.3 leads to a valid MPU and follows the media dependency hierarchy.

acket id - provides the identifier ofthe MMTP session in the MMTP packet header

o]

riority type - indicates the priority of media source location indicator. The four values areflisted in
able 58. If the value is set to ‘00", the MMT receiving entity can receive media source from the primary
hedia source location.

=9 37

Table 58 — Values of priority_type

Value Description
‘00’ Primary media source location
‘O18 Alternative media source location
10’ Origin media source location
171 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 gen
informa

bral location info - provides the location information of Asset. General location refereng
Lion for Asset defined in 10.6.1 is used. Only the value of 1ocation type between 0x00 and 0%0

[©)W¢

shall be jused for an Asset location.
deliverf type - indicates type of transmission access channel of media content delivery@s shown ip
Table 59
Table 59 — Value of delivery_type field

Value Description

0001 Broadcast delivery only

0010 Unicast delivery only

0011 Hybrid deliveyy

0100 ~ 1111 Reserved

10.4.14Pistributed Signaling Information (DSI) message
10.4.14{1 General
DSI mespage contains the alternative media signaling information locations for supporting the dynamic

media r¢
MMT se
media signaling locations.

10.4.14

Syntax ¢

esource access control. When the media‘source delivery characteristic is dynamically changed
hding entity or MANE sends the DSIithessage to MMT receiving entity to inform the alternativie

<

2 Syntax

f the DSI message is shown in Table 60.

Table 60 — DSI message syntax

94

Syntax Value Nl;)i.tgf nl\:l(?ric
DSI_megsage(y) |
megsage id 16 uimsbf
version o uimsbit
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

© ISO/IEC 2023 - All rights reserved


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

ISO/IEC 23008-1:2023(E)

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 111111 6 uimsbf
valid time start 64 imsbf
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 did 8 uimsbf
MMT general location_info()
delivery type 4 uimsbf
}
}
}
elseif (priority typeN== 10) {
origin signaking location ({
MMT general location_info()
access_type\()
}
}
}
}

10.4:14.3

ol

Semantics

ST

1 1
Exvy TITCT

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 Description
o’ Primary media source location
01’ Alternative media source location
10’ Origin media source location
11 Reserved
valid tfme start - indicates a UTC time in NTP format corresponding to<valid start time of the
signaling message transmission session.

valid t
the sign

message

primary
delivery]
signalin

alterna
delivery
signalin

Number |
origin
type thd

location

MMT gen
informa
shall be

deliver

Table 62.

ine duration - indicates a UTC time in NTP format corresponding to valid time duration qf
hling message transmission session.

| id - indicates the message ID. The length of this field is-16)bits

jom

| signaling location - provides the information-of the signaling message location an
type that the MMT receiving entity can get the signaling message from the primary medi
b location.

[s¥)

Five signaling location - provides the giaformation of the signaling message location anfd
type that the MMT receiving entity can get the signaling message from the alternative media
b location.

bf alternative - provides the number of alternative media signaling locations.

signaling location - providés the information of the signaling message location and deliver
it the MMT receiving entifycan get the signaling message from the origin media signalin|

0o <

bral location infest provides the location information of Asset. General location referend
Lion for Asset defined in 10.6.1 is used. Only the value of 1ocation type between 0x00 and 0x0
used for an Assetlocation.

[©) ¢’

; type —.indicates type of transmission access channel of media content delivery as shown ip

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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10.4.15Bandwidth Probing reQuest (BPQ) message

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.

0.4.15.2 Syntax

The syntax for the proposed BPQ is shown in Table 63.

Table 63 — BPQ Message Syntax

© ISO/IEC 2023 - All rights reserved

Values | No.
Syntax of | Mnpmonic
bits
BPQ message () {
message_id 16 ujmsbf
version 8 ujmsbf
length 16 ujmsbf
message payload {
MMT package id flag 1 slbf
CLI id flag 1 slbf
reporting MMT sending entity location_ flag 1 slbf
reserved ‘11111 5
if (MMT package id flag) {
MMT package id {
MMT package id length N1 8 ujmsbf
for (i=0;1i<NI1;i++h 1
MMT package id _byteé 8 ujmsbf
}
}
}
If (CLI_id~tT3g) {
CLI id 8 ujmsbf
}
reporting MMT sending entity location {
MMT general location_info() var
T
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
}
97
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Table 63 (continued)

Values | No.
Syntax of | Mnemonic
bits

10.4.15.3 Semantics

MMT pac

]

age id flag - indicates whether MMt package idispresentornot. When thisflagissetto ‘1’

MMT_p3

CLI id
present.

reporti
locatio
be presd

MMT pac
package

MMT pac
null cha

MMT pac

CLI id
among t

reporti
sending
Only thd
MMT se

entity

probing
and sem
used for

probing
the “sho
same as

probing
by this 1
have thd

ckage_id shall be present. When this flag is set to ‘0’, MMT package id shall not be present.

Flag - indicates whether c11_id is present or not. When this flag is set to ‘1", c1.1_idsshall bl
When this flag is set to ‘0’, cL1_id shall not be present.

hg MMT sending entity location flag - indicatesVvhetherreportingiMMTisendingientityi
h is present or not. When this flag is set to ‘1, reporting MMT sending entity)location shall
nt. When this flag is set to ‘0’, reporting MMT sending entity locationshall not be present

kage id - a unique identifier of the Package. It shall be present only*when the value of mut|
| id flagissetto 1.

kage id length - thelength in bytes of the MMT package id string, excluding the terminatinig
racter.

kage id byte - abyteinthe MMT package id.

- an arbitrary integer number to identify NAM whichwill be used to transmit probing packet
he underlying network. It shall be present only when the value of cL1_id f1lagissetto 1.

[72)

hg MMT sending entity location - provid&s the location information of a reporting MMl
entity where the probing result has to be reported. Its syntax and semantics are given in 10.6.1.
value of location_type between “0x05” and “0x06” shall be used for an location of the reportinjg
hding entity for probing. It shall be present only when the value of reporting MMT sending|
[ocation flag issetto 1.

| packet location - provides the location information of MMTP packets for probing. Its syntal
antics are given in 10.6.1. Only the values of location_type between “0x00” and “0x02” shall b
an location of MMTP paekets for probing.

[CHE

| start_time - indicates the starting time of a probing event. This field shall be formatted &s
Ft-format” definedMIETF RFC 5905, NTP version 4, Clause 6. The value of this field shall be the
the value of thetimestamp field in the MMTP header of the first probing packet.

| slot_dugraptron - indicates the duration of a probing slot consisting a probing event signale
hessage\n/units of milliseconds. A probing event is a group of one or more probing slots whic
same,duration and interval.

= ="

probing

sTot 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

98
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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 Vatlwes—No-ofbits—Mnemonic
BPQ message () {
message_id 16 ujmsbf
version 8 ujmsbf
length 16 ujmsbf
message payload {
MMT package id flag 1 slbf
CLI id flag 1 slbf
Mobile info_descriptor flag 1 slbf
reserved 11111 5

if (MMT package id flag) {
MMT package id {

MMT package id length N1 8 ujmsbf
for (i=0;i<N1l;i++) {

MMT package id _byte 8 ujmsbf

}

}

}

if (CLI_id flag) {
CLI_id 8 ujmsbf

}
if (Mobile info descriptor flag) {

Mobile info descriptor() var
}
average rate 32 ujmsbf
peak_rate 32 ujmsbf
packet_lossratio 8 ujmsbf

104.16.3 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 - a byte in the MMT 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
OfMobilaiinfoidescriptoriflag 1S set to 1.
average| rate - indicates the average bitrate of received MMTP packets measured during a probin
event in|units of kilobits per second. The value of this field is the average of the bitrate of each probinE
slot and| the bitrate of each probing slot is calculated by dividing the total number of bits in MMTP
packetsreceived during the probing slot by the duration of it.
peak_rafe - indicates the peack bitrate in a probing event in units of kilobits per sé¢ond. The value gf
this field shall be set to as the maximum value over all bitrates for each probing slot;
packet Jloss ratio - indicates the ratio between the number of lost MMTP" packets and the totdl
number |of transmitted packets within the probing event. The value of thisAield shall be calculated bjy
taking the integer part after multiplying the loss fraction by 256.
10.4.17Pacing Buffer Removal Rate (PRR) message
10.4.17{1 General
The Pacing Buffer Removal Message provides informatien on the drain rate of the MMTP pacing buffe}.
This mefgsage shall be signaled when the MMTP pacing buffer is used. If this message is signaled, t
MMT refeiving entity shall deliver the MMTP packets in the MMTP pacing buffer to the FEC decodi
buffer i the MMTP HRBM at the rate specified in this message.
10.4.17)2 Syntax
The syntax for the PRR message is shown in Table 65.
Table 65 — PRR Message Syntax
Syntax Values No. of bits | Mnemonic

Pacing |[Buffer Removal“Rate ( ) {

mesgage_id 16 uimsbf

vergion 8 uimsbf

length 16 uimsbf

mesqagé\payload {

Pacingzblife_gem 1_r:-n‘-n 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

U.4.10.1 General

s the size of the MMTP pacing buffer and the amount of time for each MMTP packets aré stored in the
MTP pacing buffer are decided by an MMT receiving entity, an MMT receiving entity shall send the
acing buffer status feedback messages when requested by the MMT sending entityMMT sedning entity
nd at the frequency requested by the MMT sedning entityMMT sending entity.)An MMT receiving
tity needs to keep track of the status of the MMTP pacing buffer level and decides the time|for each
MTP packets to be sent to control the amount of excessive data stored at the MMTP pacing byffer.

NOTE The frequency is provided as part of the MC message.

10.4.18.2 Syntax

The syntax for the PSF message is shown in Table 66.

Table 66 — Syntax for PSF message

Syntax Values No. of bits | Mnemonic
PSF _message ( ) {
message_id 16 ufmsbf
version 8 ufmsbf
length 16 ufmsbf
message payload {
num_sub_flows N 8 ufmsbf
for (1=0;i<N;adfh) |
packetid 16 ufmsbf
current pacing buffer level 32 ujmsbf
tafget pacing buffer level 32 ujmsbf
last_received 32 ufmsbf
pacing buffer free space 32 ujmsbf

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.

10.4.19[ell congestion information messages

10.4.19{1 General

An CCI dignalling message delivers the information of network status which is measured\by MANE ¢
inter-nefwork entities between the MMT sending entity and the MMT receiving entity; Ah CCI messag
containg the identification information of network entities and its related network status informatio
which ufses to provide the media aware delivery fuctions to avoid the media quality degradation b,
MMT sending entity. This information can be used by the MANE for QoS-managéd delivery of Assets t
report the MMT sending entity. Annex | provies an example use case this meSsage can be used.

O< = 0 =

10.4.19)2 Syntax

The syntax for CCI message is shown in Table 67.

Table 67 — CCI message:syntax

Syntax Values | No.ofbits | Mnemonic
CCI megsage () {
megsage_id 16 uimsbf
verfsion 8 uimsbf
length 16 uimsbf
megsage payload{
numberOflist N1 8 uimsbf

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

mobile info deseriptor()

levelOfnetworkstatus 4 uimsbf
reserved ‘1111 4 uimsbf
}
reportingTime 32 uimsbf
validDuration 32 uimsbf

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.

102 © ISO/IEC 2023 - All rights reserved


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

ISO/IEC 23008-1:2023(E)

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 wants to change the delivery path of a Package. The MTR message provides-identifiers of poth the
driginal delivery path and new delivery path. The MTR message defines the transition time ysing the
ipformation about the last MMTP packet, and the las MPU received by.thie MMT receiving enfity. The
ihformation about the last sample can be used to indicate more precisély. 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 syntax for the MMT Transition Request message issshown in Table 68.

Table 68 — Syntax for MTR Message

Syntax Value NI;)i.t(s)f Mnémonic
TR message () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload{
IP_version 2 bslbf
reserved 11 11171 6 bslbf
if (IP vegsioen == 00) {
origin ‘address 32 uimsbf
transition_ address 32 uimsbf
}
ebse 1f (IP version== 01) {
— originm_ 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
padket sequence number 32 uimsbf
mpy_sequence number 32 uimsbf
mpy presentation_time 64 uimsbf
samgple flag 1 bslbf
if |(sample flag == 1) {
movie fragment sequence number 32 uimsbf
sample number 32 uimsbf
}
}
}
}

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 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 tp
the last pyte of the MTR message. The value:“0” shall not be used for this field.

1P_versfon - indicates version of IP.address of delivery path. The values of 1p_verison are defined ip
Table 69

Table 69 — Value of IP_version field

Value Description
00 [Pv4
01 IPve
10 ~11 Reserved

origin | @ddress - 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 character.

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.

. A | HPA | il £l A i
IS3S) L,ii_u Pl UVIUCTS IUUIILITITT U UIIT AAS5TCL.
dacket id - provides identifier of the packet which belongs to each Asset.

Hdacket sequence number - indicates the sequence number of the last packet received by t
eceiving entity through the original delivery path.

—

pu_sequence number - indicates the sequence number of the last MPUreceived by the MMT 1
ntity through the original delivery path. From the next MPU, the MMF sehding entity sh
elivering through the new delivery path. If a transition is needed in the middle of delivery
hen this field shall indicate the sequence number of the previous MRUwhich was delivered
he original delivery path.

o o O =

=]

pu presentation time - indicates the presentation time of thie MPU indicated by mpu_se
umber in 64 bit NTP time stamp format.

=

sample flag - indicates the existence of sample numbep,

=]

ovie fragment sequence number - indicatesthe sequence number of the movie fragment tow
ample indicated by sample number belongs (seelSO/IEC 14496-12:2022, 8.8.5).

w

)]

—

hrough the original delivery path (see ISOAEC 14496-12:2022, 8.8.8).

10.4.21 MMT Transition Notification’(MTN) message

[

0.4.21.1 General

n MMT sending entity shall send an MMT transition notification message to MMT receivir
hen it wants to change'the delivery path of a Package. The MTN message provides identifier
he original delivery ‘path and new delivery path. If the MMT transition was requested by
hessage, then the-M TN message shall be sent as a response of the request, containing the same
ath identifiers and media information (e.g. Package, Assets, packet, sample related inform4
onfirmationtfhe MTN message defines the transition time using the delivery starting time of]
elivery path and the delivery end time of the original delivery path. When the MMT sendir
Fants te-hand over the responsibility of providing the transition time to another MMT sendin
he MTN 'message shall contain the location information of the new MMT sending entity.

[l o P @ N o e T o S >

he MMT

eceiving
all start
an MPU,
through

quence_

hich the

ample number - indicates the sample numbei-of the last sample received by the MMT receiving entity

g entity
5 of both
an MTR
delivery
ition) as
the new
g entity
g entity,

0.4.21.2 Syntax

The syntax for the MMT Transition Notification message is shown in Table 70.

Table 70 — Syntax for MTN Message

No.

bits

Syntax Value of | Mnemonic

MTN message () {
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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
resgrved ‘111 1111 7 bslbf
if (transition request flag == 1) {
IP |version 2 bslbf
regerved ‘111111 6 bslbf
if |(IP _version == 00) {
origin_ address 32 uimsbf
tfansition address 32 uimsbf
}
elde if (IP version == 01) {
origin_ address 128 uimsbf
tfansition address 128 uimsbf
}
orlgin port number 16 uimsbf
transition port number 16 uimsbf
transition_start_time 32 uimsbf
origin end time 32 uimsbf
}
elsq if (transition request flag ==,0) “{
IP |version 2 bslbf
regerved ‘111111 6 bslbf
if [(IP version == 00) {
origin_address 32 uimsbf
tfansition_ address 32 uimsbf
}
elde if (IP ver&§ipn == 01) {
origin_ address 128 uimsbf
tfansitien ) 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; 1i<N1; i++) {

MMT package_id byte 8 ujmsbf
}
}
number_of assets N2 8 ujmsbf
for (i=0; 1i<N2; i++) {

asset_id()

packet_id 16 ujmsbf
packet_sequence_number 32 ujmsbf
mpu_sequence_number 32 ujmsbf
mpu_presentation_time 64 ujmsbf
reserved ‘1111 111 7 slbf
sample flag 1 Islbf
if (sample flag == 1) {

movie fragment sequence_ number 32 ujmsbf

sample_number 32 ujmsbf

10.4.21.3 Semantics
message _id - indicatesMTN message ID. The length of this field is 16 bits.

version - indicates the version of MTN messages. MMT receiving entity may check whether the¢ version
df the receivedunessage is new or not. The length of this field is 8 bits.

llength <4ndicates the length of the messages in bytes, counting from the beginning of the nex{t field to
he last byte of the MTN message. The value “0” shall not be used for this field.

—

tjrefisition 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.

transiticn—staxrt tim — indicates the time instance at which the Dnr‘l{ngn r]n]ivnry starts fhrnng

the new| delivery path, based on UTC. The format is the “short-format” as defined in clause 6 of IEAF
RFC5905, NTP version 4.

—

origin pnd time - indicates the time instance at which the Package delivery ends in the. originz
delivery| path, based on UTC. The format is the “short-format” as defined in clause 6 of LETF RFC59035,
NTP vergion 4.

transitfion scheduled flag - indicates whether this MMT sending entity has-the’ MMT transitio
schedulg¢. If this flag is set to ‘0’, additional information can be provided by MuT . dengral location inf]
to accesp to the transition schedule. If this flag set to ‘1", schedule of MMT transition shall be provide
by MMT|sending entity in this MTN message.

-

= O

MMT genpral location info - provides the location where to access totransition schedule.
MMT package id — provides identifier of the Package that is being-Served.

MMT package id length - the length in bytes of the MMT packdge id string, excluding the terminatinig
null character.

MMT package id byte — a byte in the MMT package id, When the MMT package id byte is string, the
terminafing null character is not included in the string:

number pf assets - indicates the number of Assets included in the Package.
asset_ifi - provides identifier of the Asset.
packet fd - provides identifier of the packet which belongs to each Asset.

packet fequence number - indicates the sequence number of the last packet received by the MM
receiving entity through the original delivery path.

mpu_seqgpence number - indicates the sequence number of the last MPU received by the MMT receiving
entity through the original delivery path. From the next MPU, the MMT sending entity shall staj
deliveripg through the\new delivery path. If a transition is needed in the middle of delivery an MPT,
then thif field shaltsindicate the sequence number of the previous MPU which was delivered through
the origlnal delivepy path.

(i

mpu_prefenfafion time - indicates the presentation time of the MPU indicated by mpu_sequenceq_
number(if64 bit NTP time stamp format.

sample flag - indicates the existence of sample_number.

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 original delivery path (see ISO/IEC 14496-12:2022, 8.8.8).
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10.4.22.1 General

ISO/IEC 23008-1:2023(E)

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 of the ACR message. The updated PA message shall be sent to MMT receiving emtity ith the
dhanged Assets.
10.4.22.2 Syntax
The syntax 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 () {
message_id 16 ulmsbf
version 8 ujmsbf
length 16 ulmsbf
message payload{
target MMT package id {
MMT package id_length N1 8 ulmsbf
for (i=0; i<N1; i++) {
MMT package_id _byte 8 ulmsbf
}
}

FEC_Clean_Type 8 ulmsbf
number_of_assets N2 8 ujmsbf
for (i=0; 1i&N3; i++) |

tatget asset _id()
target_asset_type 32 c¢har
duration 32 ulmsbf
change_type 8 ulmsbf
change indicate mode 8 wimsbf
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) {

private extension ()

10.4.22{3 Semantics
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, countingdfrom the beginning of the next field tp
the last pyte of the ACR message. The value “0” shall not be uséd\for this field.

target MMT package id - provides identifier of target PacKage to be changed.
MMT package id length - thelength in bytes of the target MMT package id.
MMT package id byte - a byte in the target MMT package id.

FEC Clepn Type - When set to 0, it indicatgs-the AL-FEC processing is needed when performing the
Asset clange with this message. Otherwise, it indicates the AL-FEC processing is not needed whep
performling the Asset change with this*message. The valid value of FEC Clean Type is as listed ip
Table 74. A change point is defined.as\the point before or after a relevant Asset. A change-in (or splicg
in) point is defined as the change(point before the first relevant Asset and a change-out (or splice-out)
point is flefined as the change peint after the last relevant Asset.

Table 72 — value of FEC_Clean_Type

Type Description

000 Al_FEC source blocks may cross the change point boundaries. The AL-FEC decoding and
re-encoding shall be performed when performing the Asset change with this message.

0301 AL_FEC source blocks do not cross the change point boundaries of the target Asset. The AL-
FEC decoding and re-encoding is not needed when performing the Asset change with this

TITTSS AT

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 FEC Clean Type equal to 1 may be used for the Asset change type of insertion. FEC Clean Type
equal to 2 may be used for the Asset change type of replacement.

number of assets - indicates the number of target Assets to be changed.

target asset id - provides identifier of the Asset which to be changed.
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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.

Table 73 — value of change_type

Type Description

0x00 Reserved

0x01 Replacement - Replace the target Asset with the designated Asset.

0x02 Insertion - Insert before the target Asset with the designatedAsset.

0x03 Overlay - Overlay the designated Asset on the target Asset
0x04~0xFF |Reserved

ol

or a splicing event, a splice point is namely a change point in which the media data after that
ecoded correctly with a clean presentation quality. Generally, a-splicing event is to concatenat
MT system level two different MMT Assets and the resulting MMT packages are conformai
MT standard.

Q.

h the case of 0x01, the splice-in point and the splicérout point usually are different. The fir
sset after the splice-in point and the Asset after.thé¢’splice-out point shall be a random access
plicing. In the case of 0x2, the splice-in point and-the splice-out point usually are the same. T}
sset after the splice-in point shall be a randein access point for splicing.

sending entity shall ensure a random access property of the target Assets and for a splicing
hall correspond the parameter fields i this message correctly with the Assets relating to t}
oints. A MANE shall perform the.relevant Asset change in terms of the ACR message by loc4
losest splice point for the splice event,

QT n Ny 0 e —

h the case of 0x03,a MANE.§hall align with the change-in point and change-out point for the de
ssets in the overlay prpcessing. The spatial location of the designated Assets on the display
rovided by PI document-such as MPEG Composition Information specified in part 11 of this s
r Layout Configuration Table as defined in sub-clause 10.3.12. The MMT sending entity shoul
hat the MMT receiving entities are capable to process the designated Asset additionally for thg
rocessing. A réceiving entity may ignore and discard the designated Assets if it is not capable

= oo o N =

hange ipdicate mode - defines how to indicate the time at which the media change happe
alues for this field is described in Table 74.

< Q

shall be
e on the
ht to the

5t target
boint for
le target

event, it
e splice
ting the

bignated
may be
randard,
] ensure
overlay
to do so.

hs. 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| extension flag - indicates whether a private extension is present. If this flag is set to 1/, thie
private ¢xtension is present.

private| extension - is a syntax element group serving as a container for proprietary.aryapplicatior
specific xtensions.

10.4.23CMAF Presentation Description (CPD) Messages

10.4.23{1 General

The CPI) message conveys information about the Presentation to the‘MMT receiving entity. Annex
shall be jused for mapping of CMAF content to MPU.

ol

10.4.23{2 Syntax

The CPI} Message syntax is shown in Table 75.

Table 75 — Syntaxfor CPD Message

Values No.
Syntax of | Mnemonic
bits
CPD medsage ( ) {
megsage _id 16 uimsbf
vegsion 8 uimsbf
lenjgth 16 uimsbf
payload {
presentatiof céunt N1 8 uimsbf
for (i=0s_4<N1;i++) {
selection set_count N2 8 uimsbf
for, ¢9=0; Jj<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.

bits

Syntax of | Mnemonic

10.4.23.3 Semantics
message_id - indicates the identification of the Mapping message. The length of this field\is 16

Wersion - indicates the version of the Mapping message. The length of this field is 8 bits.

|

ength - indicates the length of the Mapping message in bytes, counting from thebeginning of
eld to the last byte of the Mapping message. The length of this field is 32 bits.

—

resentation count — indicates the number of CMAF presentations thatdwill be served as pat
ession. The list of presentations may be updated dynamically in the case of live sessions. This
its.

o]

o wn

election set count - indicates the number of selection sets.irfthe current presentation. The
hits.

1))

witching set count — indicates the number of switching'sets in the current selection set. Thi
bits.

0]

Q0

track_count — indicates the number of CMAF tracks/MPUs that are contained in the current sy
set. This field is 8 bits long.

dacket id - provides the packet_id that will identify the MMTP sub-flow that carries the CMA
NMPU. This field is 16 bits.

dandwidth requirement — provides.the bandwidth requirement of the current CMAF track/M
unit of this field in bits per second-and the field is 32 bits.

rlime type — the MIME type-descriptor is used to describe the MIME type of the current switc
Fthe encodings of the CMAF tracks within the switching set differ, the MIME type of the track
ighest codec requirements shall be signaled.

—

10.4.24 Content-Selection (CS) Message

10.4.24.1 General

The CS'miessage is a message that is sent from the MMT receiving entity to the MMT sending e

bits.

the next

t of this
field is 8

field is 8

s field is

vitching

F track/

PU. The

hing set.
with the

ntity (or
ishes to

ANE) to indicate the current MMT receiving entity’s selection of the CMAF tracks that it w

10.4.24.2 Syntax

The syntax of CS Message is shown in Table 76.

Table 76 — Syntax for CS Message

Values No.

bits

Syntax of | Mnemonic

Content Selection 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 uimsbf
for (i=0; i<N1;i++) {
packet_id 16 uimsbf
}
}
}

10.4.24

message

bits.

version

length
of the n4q

start t
entity ta

subflow
in this s

packet |

10.4.25

10.4.25

The RT
commui
NAT tra

3 Semantics

| id - indicates the identification of the Content Selection message. The length of this field is 1p

- indicates the version of the Content Selection messdge: The length of this field is 8 bits.

- indicates the length of the Content Selection message in bytes, counting from the beginninig
xt field to the last byte of the Content Selectionmessage. The length of this field is 32 bits.

ime — the presentation start time at which the MMT receiving entity requests the the sendinig
start delivering.

count — indicates the number of MMTP sub-flows that the MMT receiving entity is requesting
blection message. This field is 8 bitlohg.

i 4 — provides the packet_id thattthe MMTP receiving entity is requesting. This field is 16 bits.
RTSP message

1 General

SP message{déscribes a unified way to send setup and control messages on an MM
ication flow:This method allows multiplexing signaling and data on a single port for graceft
bersal.

—

For set
solution|

p.dnd' control, RTSP messages can be wrapped into an MMT 51gnalmg message. To make t
NAT friendl

‘i
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://mmt.mpeg.org/movie.mp4
CSeqg: 1000

A basic MMT setup response may be:

RTSP/2.0 200 OK

114

CSeqg: 1000
Date: 14 Mar 2015 11:26:53 GMT+2
Session: 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 message syntax

Syntax Values No. of bits Mnémonic
TSP message () {
message_id 16 uimsbf
version 8 uimsbf
length N1 16 uimsbf

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

RTSP_byte 8 uimsbf

10.4.25.3 Semantic
ressage_id - indicates RTSP message IDThe length of this field is 16 bits.

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

llength -indicates the length.af RTSP messages. The length of this field is 16 bits. It indicates the length
df the RTSP message counted in bytes starting from the next field to the last byte of the RTSP message.
The value ‘0’ shall not be'used.

HTSP byte - a byte in‘the RTSP message.
10.4.26 VAST/VMAP Message

10.4.26:1 General

AnMMT sending entity uses the VAST_ VMAP message to signal ad opportunities (formatted agcording
tthe- VMAP-st dand?N d/ 4 4 nH o Lo VACT o4 dadl1 & the MMT

U LIIT VIVIZAT Stdliudl \.1 = ) auu/ Ul au LUllLCllL LlUl ulau,cu dallyul uuls LU LIICT VvAio 1T Stdlludl Ut— ) UL
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.

© ISO/IEC 2023 - All rights reserved 115


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

ISO/IEC 23008-1:2023(E)

— 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 Vatue No-ofbits—TMnemonice
VAST VMAP message () {
messade_id 16 uimsbf
versiqn 8 uimsbf
length 16 uimsbf
messade payload {
mess3ge_type 8 uimsbf
if (nfessage type == 0x1) {
VMAR version 16 uimsbf
staft time 64 uimsbf
}
if (nessage type == 0x02) {
VAST version 16 uimsbf
}
mesdage {
megsage_length N1 16 uimsbf
foy (i=0; 1i<N1l; i++) {
mgssage_char 8 uimsbf
}
}
res¢rved ‘1111 111 7 bslbf
private _extension flag 1 bslbf

if (private extension flag/ == 1) {

private extension ()

10.4.26|3 Semantics

CO ~ 1 In_ml 1 +1 R RN L B B TP R
message_ 1d = HIUILALES LT HITSSdgT 1D, TIIC ITITg UL U1 LIS TITIU IS 10 DILS.

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

s 400.

essage_length - provides the length of the embedded VAST or VMAP message. The message|shall be

formatted in UTF-8 format.

essage char - contains one UTF-8 character of the embedded VAST or VMAP méssage.

0.4.27Service List (SL) information message

0.4.27.1 General

ervice list information messages contains information on any updates of MMT service lists. When the

=5 O

equest it with any specific channel types.

10.4.27.2 Syntax

The syntax of SL information message is defined in Table 79

Table 79 — Syntax of service list information message

MT receiving entity receive this message, it can acknowledge\.the existence of new MMT selvice list
r any update on previous one. If the MMT receiving entity wants to update any MMT service list, it can

Syntax Value Nl:)i.t(s)f Mnemonic
L message () {
message id 16 ujmsbf
version 8 ulmsbf
length 16 uimsbf
message payloady
num_of list N1 8 ujmsbf
for (i=0y, G<N1; i++) {
MMT svc_list URL length N2 8 ulmsbf
£O~(1=0; i<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)
Syntax Value Nl:)i-t(s)f Mnemonic
MMT package id {
MMT package id_length N4 8 uimsbf
for (i=0; 1i<N4; i++) {
MMT package_id_byte 8 uimsbf
1
}
change time 32 uimsbf
change delivery channel_ type 4 uimsbf
reserved ‘1111 4 bslbf
}
}
}
}

10.4.27{3 Semantics
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 4 indicates the length of the messages in Bytes,.counting from the beginning of the next field tp
the last pyte of this message. The value “0” shall notbg used for this field.

num of [list - Thisvalue is a number of MMT sérvice list to be acknowledged to MMT receiving entity

MMT svc| list URL length - the length.ifBytes of the mMT svc 1ist URL string, excluding thie
terminafing null character.

MMT svc| 1ist URL byte - this field §s\a unique identifier of the MMT service list descriptor.

event tlpe - indicates the type'of event as defined in Table 80

Table 80 — Value of event_type

Value Description
0x0 CGorresponding MMT service list is newly available
x1 Corresponding MMT servlce list is totally not valid. Therefore don’t refer it anymore.
X2 Corresponding MMT servlce list has updates on the designated channels.

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

d
hyte of the descriptor.

=

diock reZation id - the identifier of a clock relation.

grc_sarple - contains the MPEG-2 STC value that corresponds to the following
TE-timestamp sample. The sample value of STC is in 42-bit format.

This subclause describes the descriptors and information related to signalling tables.
A CRI descriptor can be used to specify the relationship between the NTP timestamp ahd’the| MPEG-2
§TC for synchronization purpose. The value of clock reference used by the Asset which. is deriyed from
the MPEG-2 TS is specified in the c1ock _relation id field.
drI descriptors are carried in a CRI table.
10.5.1.2 Syntax
The syntax of the cRT_descriptor () is defined in Table 81.
Table 81 — CRI_descriptor() syntax
Syntax Value No. of bits Mnemgonic
RI descriptor() {
descriptor_tag 16 uimspf
descriptor_length 16 uimspf
clock relation id 8 uimspf
reserved “11 11117 6 uimspf
STC_sample 42 uimspf
NTP_timestamp sample 64 uimspf
10.5.1.3 Semantics
descriptor tag - atag value indicating the type of a descriptor.
escriptor leng®t)~ indicates the length in bytes counting from the next byte after this field tq the last

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
des¢riptor length N*12 8 uimsbf
for | (i=0; 1i<N; i++) {
mpu_sequence_number 32 uimsbf
mpu_presentation_time 64 uimsbf
}
}

10.5.2.3 Semantics

descripfor tag - atag value indicating the type of a descriptor.

descripfor length —indicates the length in bytes counting from themext byte after this field to the lag

byte of the descriptor.

mpu_seqgpence number — indicates the sequence number of the MPU presented at a time given the

followinlg mpu presentation time.

mpu_prefentation time - indicates the presentation time of the first AU in the designated MPU by thie

64-bit N[TP time stamp format.

10.5.3 Pependency descriptor

(s

10.5.3.1

For each
within t

10.5.3.2

The syn

General

dependent Asset, a dependency descriptor as specified below shall be included in the MPT,
he syntax element dependency descriptors specified in Table 53.

Syntax

fax of the deperidenicy descriptor () is defined in Table 83.

‘Fable 83 — Syntax of dependency descriptor for layered media

for (1 =0 ; 1 < N1 ; i++

asset_id()

)

{

Syntax Value No. of bits Mnemonic
dependgqnCy descriptor () {
descriptor_tag 16 uimsbf
descriptor length 16 uimsbf
num_dependencies N1 8 uimsbf
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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.

escriptor depends. The order of the id-s provided in this descriptor is such that the congaté
PUs as defined in 6.4 leads to a valid MPU and follows the media dependency hierarchy.

10.5.4 GFDT descriptor

(=Y

0.5.4.1 General

GFDT descriptor contains one or more CodePoints describing association with a specific ofjject and
bject delivery properties. An MPT may contain a GFD descriptor for each'Asset if the MPU(s) cdnsisting
he Asset is/are delivered through GFD mode.

o O o

(=Y

0.5.4.2 Syntax

—

he syntax of GFD descriptor is defined in Table 84.

Table 84 — GFDT descriptor syntax

Syntax Value |[No.of| Mnemonic
bits
GFD descriptor () {
descriptor_tag 16 uimsbf
descriptor_length 32 uimsbf
number_of_CodePoints N1 8 uimsbf
for (i=0; 1i<N1; i+ |
value 8 uimsbf
fileDeliveryMode 2 bslbf
constantTransferLength flag 1 bslbf
outOfOrderSending flag 1 bslbf
FileTemplate flag 1 bslbf
startTOI_flag 1 bslbf
endTOI_flag 1 bslbf
EntityHeader_flag 1 bslbf
maximumlransierLength 48 uimsbt
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++)
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Table 84 (continued)
Syntax Value |No.of| Mnemonic
bits
File byte 8 uimsbf
}
if (startTOI flag == 1)
startTOI uimsbf
if (pnr‘l‘T‘OT_FW aqg == 1)
endTOI uimsbf
if (EntityHeader flag == 1) {
EntityHeader length N4 16 uimsbf
for(j = 0; J < N4; j++)
EntityHeader byte 8 alnsbf
}
}
j

10.5.4.3 Semantics

descripfor tag - atag value indicating the type of a descriptor.

[

descripfor length - specifies the length in bytes counting from the next byte after this field to the las
byte of the descriptor.

jom

number bf CodePoints — specifies the number of CodePoints contained in this GFD descriptor. This fiel
shall not be set to 0.

value —|specifies the value of the CodePoint.,The value shall be between 1 and 255. The value 0 is
reservedl.

fileDelfveryMode — specifies the file delivery mode according to Table 18. If this field is “1”, the
delivered object is a regular file and.if it is “2”, the delivered object is an entity consisting of an entitly
header gdnd the file.

constanfTransferLength flag, = specifies if all objects delivered by this CodePoint have constant
transfer| length. If this flag-is-set to “1”, all objects shall have the transfer length as specified in thie
maximumTransferLength figld. The default value is 0.

outOfOrflerSending €4ag - specifies if an outOfOrderSending attribute is included in this GFD
descriptior. If this-flag is set to “1”, the outOfOrderSending attibute is included in this GFD descripto
The defqult valueis 0.

In

FileTempléte' flag - specifies if a file template for this CodePoint is included in this GFD descriptor. |[f
this flaglisset to “1”, FileTemplate lengtrhand FileTemplate bytre areincluded in this GED descripton

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
alue of this GFD descriptor.

ntityHeader length — specifies the length in byte of the entity-header.

ntityHeader byte —specifies a byte in the entity-header. An entity header specifies a full entity header
ih the format as defined in IETF RFC 2616 sub-clause 7.1. The entity-header applies-for all objects that
re delivered with the value of this CodePoint.

0.5.5 Sl descriptor

0.5.5.1 General

he SI descriptor is an asset descriptor that can be used by the'MMT sender to provide infgrmation

out the content encryption applied to the asset as part of DRM protection or Conditional Acgess. For
ontent protection using common encryption, the contents.of this descriptor are extracted from the
bssh” box that is located as part of the MPU metadata.

20

10.5.5.2 Syntax

The syntax of the SI descriptor is defined in Table 85.

Table @5 — SI descriptor syntax

Syntax Value No. of bits Mné¢monic
I descriptor () {
descriptor_tag 16 sbf
descriptor_length 16 sbf
security system Count N1 8 sbf
reserved “111 1111”7 7 sbf
system provider url flag 1 slbf

if (systeln provider url flag) {
system provider url length N2 8

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

system provider url byte 8

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

system_id 16*8 uimsbf
kid_count N3 16 uimsbf
for (j=0;3<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

descripfor tag - atag value indicating the type of a descriptor.

(s

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

security system count — provides the number of DRM or CAS system informationthat can process and
handle the content protection, access control and rights management.

system provider url flag - indicates whether a URL location of a provider-for the system is provided
or not. If this flag is set to “1”, a system provider URL is provided. This URL¢an be used for downloading
and instplling the system, when needed.

system provider url length - provides the length of a system provider URL.
system provider url byte - specifies a byte in a system previder URL.
system_fd - provides the UUID that uniquely identifies the:DRM system.

KID coupt — specifies the number of KID entries in the‘descriptor.

k1D — idgntifies a key that the data field applies toy

data_sife - specifies the size in bytes of the data field.

data - cfirries DRM system specific data.
10.5.6 MMT Service Descriptor

10.5.6.1 General

The MMTServiceList.‘'element provides information on MMT services that will be provided with
MMT prfotocol from,a specific service provider. A MMTServiceList element is comprised of multiple
MMTChannel elefnents, which is a logical group of MMT packages. The MMT package corresponds to p
specific progrdamsuch as, news, sports game and a movie. The MMTPackage element has MMT_Package_
id to digtinguish from other MMT packages. When a specific MMT Package is selected, correspondi
MMTP sessjon will be initiated through its own session information from either of SDP file (SDPURI),
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

124 © ISO/IEC 2023 - All rights reserved


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

ISO/IEC 23008-1:2023(E)

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"
yersion="1.0">

xs:element name="MMTServiceList" type="MMTServicelListType"/>

xs:complexType name="MMTServiceListType">
<xs:sequence>

<xs:element name="MMTChannel" type="MMTChannelType"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0% ‘mdxOccurs="unboundled" />
/Xs:sequence>

<xs:attribute name="version" type="xs:decimal" use="requiped!/>

<xs:attribute name="descriptorProvider" type="xs:stringl/>

<xs:attribute name="updatePeriod" type="xs:nonNegatiyeldteger" minOccurs="0"/>
<xs:anyAttribute namespace="##any"/>

/xs:complexType>

xs:complexType name="MMTChannelType">

<xs:sequence>

<xs:choice maxOccurs="unbounded">

<xs:element name="name" type="xs:string"/>

<xs:element name="1link" type="xs:anyURI"/>

<xs:element name="channelDescription" type="xs:string"/>
<xs:element name="releaseDdte!" type="dateTime" minOccurs="0"/>
xs:element name="lastBuildDate" type="dateTime" minOccurs="0"/>
<xs:any namespace="##tollrer" processContents="lax" minOccurs="0" maxOccurs="unboumnded"/>
/xs:choice>

xs:element name="MMTPackage" type="MMTPackageType" maxOccurs="unbounded"/>
xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unboundg¢d" />
</xs:sequencex

<xs:attriblte name="access network descriptor" type="xs:decimal" use="required"/>

<xs:attrilfute name="channelID" type="xs:decimal" use="required"/><xs:anyAttribute
Llamespace="##any" />

/xg:'gomplexType>

<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: {ESOUENCE
<xs:arlyAttribute namespace="##any"/>
</xs:cqmplexType>

</xs:sdhema>

10.5.6.3 Semantics

MMTServfceList — The element provides information on MMT services that will be provided with MMTP
from a gpecific service provider. The HTTP URL syntax is as follows: request'dJRI = service_URI "7
query_s{ring,

whefe

— seryice URT :the URI of the MMT service list server that provides MMT service list elements. This
mayf be the same with descriptorURL, based on its implementation;

— quety string:descriptorURL *("&" deliveryChannelType)y("&" channel_range);

[72)

— des¢riptorUurL : the URL of the MMT service list element for which the MMT receiving entity i
reqliesting the service list element in the query part 6f the request;

— deliveryChannelType : the required channel type of the packages listed in MMT service list which
the MMT receiving entity is requesting in tHe) query part of the request;

R

— chafnel range :arange of MMT ser¥icé channel_id; channel_range = (channelA [ "-" channelZ ]
/ (channelA [ ";"]); channelA = 1xDIGIT; the channel, or the first of a range of channels; channelZ
1xDJGIT; the last channel of a range of channels.

version|- A version of MMTServigehist
descripforProvider - MMT-service descriptor information provider.

updatePpriod - indicatesthe validity period of the updated descriptor information from the source ip
millisecpnds.

MMTChanhel - A 1dgical entity which is a group of MMT packages

name - The name of the channel.

L 11D 1 R ) s 1 1
ML PpdgT URNL dDUUL UIT LUTTTSPUITUIITS CITAIIIITT.

link - TheH
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.

shoul be omitted.

T a v, PDOTTC VI 1V
itis a non-linear content, endTime information

gopurt - URI referring to a content referencing SDP file containing information that the'MMT 1
tity needs in order to be able to receive and consume the content of the MMT Package. This
eferencing SDP file is transported ina HTTP.

order to be able to receive and consume the content of the MMT Packageencoded as UTF-8.

MT Signaling flow URI - URI referring to a flow of MMT signalling-message. It can retrieve
MT PA (Package Access) message or PA table for the corresponding-MMT Package.

Hr_urI - URI referring to a Pl document containing information ¢hat the MMT receiving entity
drder to be able to receive and consume the content of the MMT Package.

10.5.7 Mobile information descriptor

10.5.7.1 General

Nlobile information descriptor contains infogmration which is associated with MMT receiving
dase it is a mobile device. When MMT receiving entity is a cellular mobile device, it can have]
specific attributes including MSISDN or:Cell ID which are also defined in 3GPP.

10.5.7.2 Syntax

The syntax of mobile information descriptor is defined in Table 86

Table 86 — Syntax of mobile information descriptor

ontents.

eceiving
content

Ly needs

such as,

needs in

entity in
mobile-
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Syntax Value No. of bits Mnem¢nic
nobile info désetiptor() {

descriptor tag ‘0x0004’ 16 uimspf
descriptor_length 16 uimspf
MSISPN: flag 1 boolean
IMST flag 1 boolean
current_cell id flag 1 boolean
reserved ‘11111 5 uimsbf
if (MSTSDN 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

descrip

Table 84.

descrip

byte of the descriptor.

MSISDN
IMST f1

current

descriptjor is included.

MSISDN
MMT re

field is 15 decimal digits, which is coded into 60 binary.digits where each decimal digit is assigned
binary Hits.

IMSTI -

it followfs format as defined in 3GPP TS 23.003~The length of this field is 15 decimal digits, , which i
coded ifto 60 binary digits where each decifhal digit is assigned 4 binary bits.

current

36.331.

assigned for each 1 decimal digit.

10.5.8

10.5.8.1 General

Media gpality desgriptor contains information on playback quality of media at MMT receiving entitly

side.

NOTE

=}

For tag - a tag value indicating the type of this descriptor. The value of this fieldds/0x0004 i

ot

For length — indicates the length in bytes counting from the next byte after this field to the las

Flag - indicates whether MSISDN is included or not. If it is set to ‘1'(the descriptor is included.
bg - indicates whether IMSI is included or not. If it is set to ‘1°, the descriptor is included.

[ cel1 id flag - indicates whether current_cell_ID is included or not. If it is set to ‘1, thie

=

- indicates MSISDN (Mobile Subscriber Internationdl’Subscriber Directory Number) number (¢
Ceiving entity, and it follows format as defined in ITU-T specification E.164. The length of thi

-

o

indicates IMSI (International Mobile Subscriber Identity) number of MMT receiving entity, an

[72)

|92)]

[ cell id - indicates current cell ID (CGI for 2G/3G and eCGI for 4G) as defined in 3GPP T
[t is assigned a 15 decimal.digit code which corresponds to totally 60 bits where 4bits ar

D

Media quality descriptor

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

128

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 uimspf
mb_error 8 uimspf
}
audio quality({
decoding error 8 uimspf
}
}
rebuffering duration 32 uimspf

10.5.8.3 Semantics

descriptor tag - a tag value indicating the type of this deseriptor. The value of this field is 00005 in
Table 87.

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

rum time sample - indicates the count of:time instances (timestamp) at which the media quality is
measured.

tjimestamp - indicates the time instance at which the media quality is measured based on UTC. The
brmat is the “short-format” as defined in IETF RFC 5905, NTP version 4, Clause 6. The unit is ajsecond.

-

h

reeze - indicates total couiit of consecutive playback video frames which is identical and njeasured
Fom current timestamp tanext timestamp. It counts all the frames which is consecutive and same even
hough its first head frameis different.

=t —h

lox

1ack - indicates tgtal count of black playback video frames which is measured from current tithestamp
b next timestamp<lt counts all the wholly black frames.

—+

=

b error -.indicates total count of video frames which has macro block error measured from current
mestamp to next timestamp.

—

decodidty error - indicates total count of audio frame decoding error measured from|current
timestamp to next timestamp.

rebuffering duration - indicates total duration of abnormal playback measured during the period
specified in MC message in milliseconds. The length of this field is 32 bits.

10.5.9 MPU Presentation Region Descriptor

10.5.9.1 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

Table 88

Syntax

shows 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
des¢riptor length 8 uimsbf
for | (i=0; 1i<N; i++) {
mpu | sequence_number 32 uimsbf
layqut_number 8 uimsbf
region_number 8 uimsbf
length of reserved M 8 uimsbf
for | (3=0; J<M; J++) {

regerved future_use 8 bslbf

}
}

}

10.5.9.3 Semantic

mpu_seqgpence number - This field specifies the MPU sequéhce number of which presentation region is

specifie

layout
number

region
number

length
10.5.10

10.5.10

This de
groupin
areaint

1 in this descriptor.

(s

humber - This field specifies the layout ntimber in which the MPU is presented. The layoy
‘0’ means the default layout.

=

humber - This field specifies the region number in which the MPU is presented. The regio
‘0’ means the default region.

bf reserved - This field specifies the length of the following reserved field in byte.
Asset Group Descriptor

1 General

[72)

scriptor provides the group and priority within a group of assets. This descriptor enable
b of multiple assets and switching assets within the group. This is delivered in the descriptg
he MP<Fable for each asset.

—

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.

election level - This field specifies the selection level within each group. The selection
means the default asset to be presented. When the default asset cannot be chosen, the asset
selection level is the smaller number is the candidate of alternative asset to be chosen and-pres|

()]

10.5.11Access Network Descriptor

10.5.11.1 General

o =

hat is being carried on it or interfaces supported by MMT receiving-entity.

10.5.11.2 Syntax

=

able 90 shows the syntax of the Asset Group Descriptor.

Table 90 — Access Network Descriptor

level ‘0’
bf which
ented.

he delivery type descriptor is a descriptor to indicate specific delivery\type for a service or interface

descriptor tag -@tag value indicating the type of a descriptor.

escriptor ¥ewdth —indicates the length in bytes counting from the next byte after this field tq
yte of the-déscriptor.

o Q

decessybetwork type - the type of corresponding delivery type shown in Table 91.

Syntax Value No. of bits Mneménic
ccess network descriptor() {
descriptor_tag ‘0x0004’ 16 uimspf
descriptor_length 16 uimspf
access_network type 4 uimspf
reserved ‘1111 4 uimspf
10.5.11.3 Semantics

the last

Table 91

accace natwark tuna
ey

TaTTTCOO YOIty pt

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 respectively at the same time.

Channels having at least one Broadcast channel and one Broadband channel

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 iftscomptetety presemntedamdamnother subtitte Asset s atready passed; the passedAssets tan
be pres¢nted while waiting for the next subtitle data. The Subtitle Change descriptor provides MPU
presentation time and durations of the passed MPUs of both subtitle Assets. MMT sending entity'sha
send thg Subtitle Change descriptor to MMT receiving entity, so the MMT receiving entity can'decide
which syibtitle Asset to replay and the duration of replay before the presentation time ofmext MPU of
the new|subtitle Asset.

—_—

10.5.12{2 Subtitle change configuration

When amultimedia content contains more than one subtitle stream of differéntlanguages, the length
of subtitle data is different even for the same content because of their lingual characteristics. In this
case the| presentation duration can be also different. For example, Koreamnsubtitle has 30 letters while
English pubtitle has 20 letters in a certain scene, and the start time (or begin time) and also end time af
the subtftle data is different.

While ajmultimedia data which has more than one subtitle stream is playing, if the subtitle is changed
for som¢ reason (e.g. by user’s decision), because of the difference of length of subtitles, the subtitle
data carlnot be played appropriately.

If subtitle is changing before it is completely played in ascene, and also if the other subtitle unfortunate}lg
already [finished, the user cannot watch any of them,completely and has no choice except waiting t
next parjagraph.

It can bg one of the factors that cause degradation of the user experience for the users expecting mult
lingual qubtitle multimedia content.

mpu_presentation_time Subtitle changing mpu_presentation_time
of MPU 1 of Asset 2 /'l time //’/ of MPU 2 of Asset 2
| _/, _'I e | | Presentation Time
Lo R | L (PT)
Asetl 1] &ﬁﬁf T weuz T MPU 3 ! Subti
o I I I i Subtitle Playback flow
(Koreap subtitle)! ! : ! !
(Origingl subtltle)i : i Yurationof | i E i i
~NYMPU 1 of Asset 4 | ! ' '
Y v . JJ |
Astet2 =1 1 mpu1  lies—sl  wmPU2 | MPU 3 :
(English subtitle)i : 1 ET E E E
Ad Lititla) N N
(Changee-sbtitie} Duration of L ! !
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
gntity can decide the presentation duration of passed MPU(s), and which MPU(s) to be presenjted. The
descriptor should mainly provide the following values below:

1. presentation start time of MPU 1 of Asset 2
4. presentation start time of MPU 2 of Asset 2
3. presentation duration of MPU 1 of Asset 1

4. presentation duration of MPU 1 of Asset 2

—]

he detailed explanation with syntax and semantics of subtitle change descriptor is providgd in the
bllowing sub-clauses.

-

10.5.12.3 Syntax

—

he syntax of subtitle change descriptor is defined in Table 92.

Table 92 — Syntax for Subtitle Change descriptor

Syntax Value No. of bits | Mnemonic

ubtitle Change descriptor () {

descriptor_tag 16 uimsbf
descriptor_length 16 uimsbf
MPUPT_new_passed 64 uimsbf
MPUPT new_next 64 uimsbf
duration original passed 32 uimsbf
duration new_passed 32 uimpsbf

10.5.12.4 Semantics
descriptey tag - a tag value indicating the type of a descriptor.

desériptor length - indicates the length in bytes counting from the next byte after this field tq the last
hyte’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.
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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)! ' plaing passed MPU(s)
ST (D2)
Durattomot : AN
MPU 1 of Asset 2 ! I
1
Asset 1 (D1), : :
(Korean subtitle) . Pas$ed MPU(s) |
(Original subtitle) : :
]
And/or 1 Passed
Asset 2 MPU(s) |
(English subtitle) :
(Changed subtitle) '

Figure 22 — Subtitle change configuration

MMT refeiving entity can change metadata of subtitle MPUs using-the Subtitle Change descriptor and
transferfappropriate media data and metadata to its render as depiected in Figure 22.

The configuration operates as below:

1. |Receive Subtitle Change descriptor

A. presentation start time of MPU 1 of Assét 2 (MPUPT_new_passed)

B. presentation start time of MPU 2 of'Asset 2 (MPUPT_new_next)

C. presentation duration of MPU.T of Asset 1 (duration_original_passed)
D. presentation duration.ofMPU 1 of Asset 2 (duration_new_passed)

2. | Calculate the gap period of MPU 1 and MPU 2 of Asset 2 using A, B, and D.

3. |[Decide which pastMPU(s) to present until the presentation of next MPU and the duration of
presenting the past MPU(s) by considering the period, MPU metadata of passed MPU of both
Asset 1 and Asset 2, capability of decoder and render.

4. |Decide replay mode of passed MPU(s)

A.« Normal replay mode: replay only the time of duration decided in 3. calculated back from
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
f MPIT 1 and MPII 2 of Asset 2 and the duration of presenting the past MPH(Q) itself can be considered.

—

he operation described in this clause can be done by MMT sending entity. In that case, MM[T Tleceiving
ntity will just do the typical MPU data reproduction and media presentation.

D

10.5.13AT descriptor

10.5.13.1 General

=]

T descriptor () contains information about time period during which'asset can be available from the
erver side. A MPT may contain an AT descriptor () for each Asset when available time is proyided by
dne of the locations of this asset.

(%)

10.5.13.2 Syntax

The syntax of AT descriptor is defined in Table 93.

Table 93 — AT deéscriptor syntax

Syntax Value No. of bits | Mnemonic
AT descriptor() {
descriptor_tag 16 uimsbf
descriptor_length 32 uimsbf
available time count N1 8 uimpsbf
for (i=0; i<N1; i++) ¢ uimsbf
location_index 8 uimsbf
available begin 32 uimsbf
available end 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 ‘1 The content is always available from ‘available_begin’ time
UTC1 UTC2 The content is available between ‘available_begin’ and ‘avail
able_end’
10.5.13{4 Procedure
— If the available time of the content is not ready on the server side, the AT descripssn() would ngt
be ipcluded in MPT asset_descriptors.
— If thie content is prepared with available time information. The descriptor would be delivered along
witlh the MPT.

— |For the new client, it will read the AT descriptor () and get the value of attributes ‘location_
type’, ‘available_begin’ and ‘available_end’. Then based on thélocation_index, the client m
get the location information in MMT general location imfG () in accordance with availab%
time information. Thus the client is able to get the asseb content during available time at t
corresponding location.

— [For the legacy client, once they receive the AT degeriptor () with descriptor_tag=0x8000, jt
will ignore this descriptor as the tag is defined in'the reserved fields. Since there is no available
time provided, the client may not get the data.ifit tries to request before the content is availablg.

10.6 Syntax element groups

10.6.1 MMT_general_location_info

10.6.1.1 General

An MMT peneral location info'syntax element group is used to provide location information for thie
payload|of the described item-

10.6.1.2 Syntax

The syntax of theMMT general location info is defined in Table Table 95.

Table 95 — MMT_general_location_info syntax

136

Symtax Value No-of bits | Mmemonic
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 1L \J_(_)(_,d.LJ.O[l_l_ype —— UXUJ) 1
network id 16
MPEG 2 transport stream id 16
reserved “111” 3
MPEG 2 PID 13
} else if (location type == 0x04) {
ipvé_src_addr 128
ipvé_dst_addr 128
dst_port 16
reserved “111” 3
MPEG 2 PID 13 uimbsf
} else if (location type == ‘0x05") {
URL length N1 8 uimsbf
for (i=0; i<N1; i++) {
URL byte 8 dhar
}
} else if (location type == ‘0x06/\N"{
length N2 16 uimsbf
for (i=0;1i<N2;i++) {
byte 8 uimsbf
}
} else if (location fiype == ‘0x07") {
}
} else if (loCation type == ‘0x08’") {
messagé~id 16 uimsbf
} else dfMlocation type == ‘0x09") {
packet_id 16 uimsbf
message_id 16 ui[:Sbf
}'else if (location type == ‘0x0A’) {
ipvd src addr 32 wHmsbf
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 1T 3 bSIbf
MPEG 2 PID 13 uimb'sf
}
}
10.6.1.3 Semantics
locatioh type - this field indicates the type of the location information as defined.in Table 96.
Table 96 — Value of location_type
Value Description
0K00 An Asset in the same MMTP packet flow as the one that.carries the data structure to which
this MMT general location info () belongs
001 MMTP packet flow over UDP/IP (version 4)
0lx02 MMTP packet flow over UDP/IP (version 6)
003 An elementary stream within an MPEG-2.TS in a broadcast network.
0r04 An elementary stream (ES) in an MPEG-2 TS over the IP broadcast network
0K05 URL
0K06 Reserved for private location ihformation
0Kr07 The same signalling message as the one that carries the data structure to which this MMT
general location irfgY) belongs
008 A signalling message delivered in the same data path as the one that carries the data struc-
ture to which thisMMT general location info () belongs
0Kx09 A signalling miessage delivered in a data path in the same UDP/IP flow as the one that car-
ries the data'structure to which thisMMT general location info() belongs
O0KOA 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
0KOC Arnfelementary stream (ES) in an MPEG-2 TS over the IP v4 broadcast network
0x00~0x9F Reserved for ISO use
0xA(~O0xFE Reserved for private use
packet bd=packet idinthe MMTP packetheader.

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.

138
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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.

leagth = the ]pngfh ofthe hyh:- range in hyfpc

message _id — MMT signalling message identifier (see Table 62).
10.6.2 asset_id

10.6.2.1 General

nasset_idsyntax element group is used to provide an Asset identifier. If the “mmpu” box is prepent, the
alues of this syntax element group shall be identical to the Asset identifiér of that box. If not[present,
he assignment of Asset identification is outside the scope of this doctiment.

o < S

(=Y

0.6.2.2 Syntax

—

he syntax of the asset_id is defined in Table 97.

Table 97 — asset’id syntax

Syntax Value No. of bits Mnemopnic
sset id () {
asset_id_scheme 32 uimgbf
asset_id_length N1 32 uimgbf

for (3=0; J<N1; j++) |

asset_id byte 8 uimgbf

10.6.2.3 Semantics
dsset id schefie)-"provides the Asset ID scheme as defined in Table 7.
dsset id_adength - provides the length in bytes of the asset_id.

dsset tid byte - specifies a byte in the asset_id.

9 62 ldantifiermanning

TORO T CITCI I I C T IIT PPty

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 NI 16 ulmsbt
for (1i=0;i<N1;i++) {
URL length[i] N2 16 wimsbf
for (7=0;J<N2; j++) {
URL byte[i] 8 uimsbf
}
}
} |[else if (identifier type == 0x02) {
regex length N3 16 uimsbf
for (i=0; i<N3;1i++) {
regex byte 8 uimsbf
}
} lelse if (identifier type == 0x03) {
representation_id_length N4 16 uimsbf

for (1=0;1i<N4;++) {
representation_id _byte 8 uimsbf

}

} lelse {

private_length N5 16 uimsbf

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

private_byte 8 uimsbf

10.6.3.3 Semantics

identiffer typéo)provides the type of the identifier that is used for the mapping to the packet id. The
list of avjailable‘identifier types is defined in Table 99.

Table 99 — Identifier types for the identifier mnpping

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.

The identifier of the content is provided as RegEx string that is used to match one

0x02 or more URLs that identify files with the same packet id mapping.

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.

0x03
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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.

fgepresentation id length — the identifier is provided as a DASH Representation@id andtl}is value
indicates the length of the Representation@id string.

fepresentation id byte — a byte of the Representation@id string.

grivate length - the identifier is provided as private data and this field provides the length of the
drivate identifier in bytes.

dgrivate byte — a byte of the private identifier.
10.6.4 MIME type

10.6.4.1 General

—

his syntax element provides a MIME type as a string.

10.6.4.2 Syntax

—

he syntax of the mime type () element is defined in Table 100.

Tablé100 — mime_type ()

Syntax Value No. of bits Mnem¢nic
mime type () {
mime_type length N1 8 uimspf
for (1=0;i<N1;i++) {
mime_ type byte 8 uimspf
}

10.6.4.3 Semantics
rlime tyge length - thelength of the MIME type string.

nlifee) 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

0x0001 ~ 0x0010

MPI messages

For a Package, 16 contiguous values are allocated to MPI messages.

If the value equals 16 (0x0010), the MPI message carries complete PI.

If the value equals N where N =1 ~ 15, the MPI message carries Subset-(N-1) PI.

MPT messages

0 For a package, 16 contiguous values are allocated to MPT messages. (b
x0011 ~ 0x0020 ] q/
If the value equals 32 (0x0020), the MPT message carries complete MPT. Q
If the value equals N where N =1 ~ 15, the MPT message carries Subset—(N-lN/l» T.
0x001 ~ 0x01FF  |Reserved O
x0200 CRI message AO\QV
x0201 DCI message ~
x0202 SSWR message \\Q/V
x0203 AL_FEC message O
x0204 HRBM message L\CO
x0205 MC message P (5\
x0206 AC message ‘OY
x0207 AF message ‘\Q o
Dx0208 RQF message s\\}\
x0209 ADC message W
Px020A HRBM Removal message Q‘Q
0x020B LS message ‘\Q)\
x020C LR message \.O\\
0x020D NAMF message ,-\E\
x020E LDC message (-.\\\')
Dx020F NKmessage  ° .V
Dx0210 MRI message
Dx0211 CR messaé:e)v
Dx0212 DRI méssage
Dx0213 D ssage
Dx0214 /"@fﬁ message
x0215 _ {»~*|BPR message
)X0216§\) " |PRR message
)xO,'(l?‘\ PSF message
))@18 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 ~ OxXFF Reserved for private use

The values of descriptor tag are defined in Table:10S.

Table 103\~ Descriptor tag values

Value Description
0x0000 CRI descriptor
0x0001 MPU timestamp descriptor
0x0002 Dependency descriptor
0x0003 GFDTdescriptor
0x0004 SI.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
UxX000B Subfitle 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.

this information to the receiving entities.

At the receiving entity, several buffers are involved in the reconstruction of an MPU from/the MMTP
packets|received. Some delivery operations, such as FEC coding, interleaving andyretransmission,
introduge delay and jitter that requires buffering at the receiving entity. The hypothetical receivdr
buffer npodel defines operations of the buffers at the receiving entity to ensurelthat at any time the
buffer occupancy is within the buffer size requirement. The buffers, whose operation is defined, are
depicted in Figure 23 and are described in detail in 11.2, 11.3, and 11.4. The(MMT HRBM is applied pdr
each MNITP sub-flow, i.e. for all MMTP packets of an MMTP flow that shateé the same packet id. Thee
actual s¢t of buffers is determined based on the configuration of the delivery session for that particuldr
MMTP spb-flow.

PFr——1S 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 buffert

The FE(Q decoding bufferds optional and is only required when FEC protection is applied to the MMTP
packet gub-flow (e.g<for'packets of a particular asset). FEC decoding is typical for many applications,
where lgwer layer transmission may not be sufficient to recover messages from channel errors or when
networl congestioh may cause packet drops or excessive delays. To perform FEC decoding, a buffer is
required whereiincoming packets are stored until sufficient source and repair symbol data are available
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.

[—Y

1.3 De-jitter buffer

he de-jitter buffer ensures that MMTP packets experience a fixed transmission delay-fron
b the output of the MMT protocol stack, assuming a maximum transmission delay: Data u
xperience a transmission delay larger than the maximum transmission delay might be discg
he MMT receiving entity.

& (D ct+

—

he de-jitter buffer shall operate as follows.
-+ The de-jitter buffer is initially empty.
—+ Accept the MMTP packet as it arrives.

+ Remove the MMTP packet at time ts+a, where ts is the timestamp of the MMTP packet and
signaled fixed end-to-end delay.

oY

fter the de-jittering is applied, all MMTP packets that.atrrived correctly or were recovered
EC/retransmissions will have experienced the samé<end-to-end delay.

1

NOTE Annex A shows jitter calculation in MMTP:

(=Y

1.4 MMTP packet decapsulation buffer

he MMTP packet decapsulation buffer is used to perform MMTP packet processing before dg
he payload to the upper layers. Theoutput of the MMTP packet processing may either be {
ayload (in low-delay operation),_a movie fragment or a complete MPU. The decapsulation
f the MMTP packet and payload headers) and any required de-fragmentation/de-aggreg
he packets are then perfermed as part of the MMTP processing. This procedure may requi
uffering delay, denoted(@as decapsulation delay, to reconstruct the data to be passed to the ap]
hyer. However, the decapsulation delay is not considered as part of the transmission delay
vailability of the data for consumption by the upper layers will be guaranteed by the entity dg
he MPU, regardléss of the decapsulation delay.

o Q) oot O ot

o

he MMTP packet decapsulation buffer shall work as follows.

— TheMMTP packet decapsulation buffer is initially empty.

—+ -~ "The MMTP packet is inserted into the MMTP packet decapsulation buffer immediately afte

| source
hits that
rded by

A is the

through

tlivering
he MFU
removal
ation of
re some
blication
and the
livering

I the de-

jittering ig performed

— For MMTP packets carrying aggregated payload, remove the packet and payload header and extract

each single data unit.

— 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.

— Depending on the operation mode of the client, if a complete MPU, a movie fragment or a single MFU

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 Egtimratiomrof emd-to-emddetay amd buffer requirenmemnt

An MMT sending entity shall estimate the maximum expected and tolerable transmission delay in‘the
transmipsion path down to an MMT receiving entity. If FEC is in use, the MMT sending entity shall add
the FEC buffering delay that covers for the time needed to assemble a source block since EEC decoding
is required to recover lost MMTP packets. Finally, any delays that might be incurred by fragmentatiop
of packelts (and other operations) shall be added. The resulting estimation of the MM TiR-packet deliverly
delay shpll then be signalled to the MMT receiving entities as the fixed end-to-end transmission delay.

fixed end-to-end = maximum transmission delay + FEC buffering¢time

In order|to estimate the resulting buffer requirement, the MMT sending efitity shall use the fixed encd
to-end delay and subtract the minimum transmission delay for the path down to the MMT receivi
entity ahd then estimate the buffer size requirement as the product‘ef the maximum bitrate of trl:E
MMTP packet stream and the calculated buffered data duration.

buffer size = (maximum delay - minimum delay) x maximum bitrate

11.7 HRBM signalling

After ddtermining the required buffer size and the’fixed end-to-end delay for the system, an MMl
sending|entity shall communicate this informatien to the MMT receiving entity. This is done usin|

the HRBM signalling message as specified in:10.4.2. The MMT sending entity continuously runs thE
hypothetical receiver buffer model to verify-that the selected end-to-end delay and buffer size are
aligned pnd do not cause buffer under-runis or overruns. At the MMT receiving entity side, the MM[l
receiving entity shall perform the buffering as instructed, so that each data unit experiences t
signalledl fixed end-to-end delay A.before its payload is delivered to the application layer. Under t
assumption that clocks are synchfonized, the output time is then calculated based on the transmission
timestamp and the signalled fixed end-to-end delay.

11.8 HRBM with pacing buffer

As the bpuffering of the-excessive media data needs to be stored before the processing of packets for an
further pperations;.the proposed HRBM adds an additional buffer in front of the buffers of the MMT
HRBM. Qperation‘of the MMTP HRBM including MMTP pacing buffer is as follows;

O <

— The|value'of the fixed end-to-end delay of the MMTP HRBM is set to the value of delay contributed
by the-FEC operation

— 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.

— Rest of operation of the MMTP HRBM is same as the case without using the MM TP 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.

LI 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 parameters “of|popular
etwork standards are abstracted as the NAM for static and dynamic QoS control of redl-tinle media
plication through any network.

2.2 Cross layer information

2.2.1 General

MT defines an interface for exchanging cross layer information bétweéen the application layerf and the
nderlying network layer. The interface allows for top-down as‘well as bottom-up flow of cr¢ss layer
information. The cross layer information provides QoS information that may be used by the jnvolved
flinctions to optimize the overall delivery of the media datayMMT entities may support this interface
fbr cross layer information.

2.2.2 Top-down QoS information

he application layer provides top-down QoS.information about media characteristics to uniderlying
layers. There are two kinds of top-down infermation such as Asset level information (e.g. ADC) and
acket level information. Asset information is used for capability exchange and/or (re)allogation of
sources in underlying layers. Packet level top-down information is written in the appropriatg field of
ery packet for underlying layers toindentify QoS level to support.

2.2.3 Bottom-up QoS information

he underlying layers provide bottom-up QoS information to the application layer about timejvarying
etwork condition which’ enables faster and more accurate QoS control in the applicatign layer.
ottom-up information’is represented as an abstracted fashion to support heterogeneous petwork
vironments. Theése’parameters are measured in the underlying layers and read by the application
layer, periodically-or on request of the MMT application.

2.2.4 Network abstraction for media (NAM)

2.2:41 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 {
CLY id 8 unsigned integer
avdilable bitrate 32 float
buffer fullness 32 float
pedk _bitrate 32 float
avgrage bitrate period 16 unsigned integer
cufrent_delay 32 float
SDY size 32 unsigned integer
SDY _loss_ratio 8 unsigned integer
genjeration_time 32 unsigned integer
BER 32 float

}

The syntax of the relative parameters for NAM is defined in Table 105.
Table 105 — Relative NAM
Syntax Size (bits) Mnemonic

relatiyje NAM {
CLY id 8 unsigned integer
relative bitrate 8 float
relative buffer fullbess 8 float
relative peak bitrate 8 Float
average bitraté period 16 unsigned integer
cufrent_delay 32 float
genjeration time 32 float
BEF 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

i$ not included.

=S Q
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erage bitrate period - provides the period of time over which the average bitrate ofthe'inj
MT procotol session that carries the MMT packet shall be calculated. The
verage bitrate period is provided in units of milliseconds.

eceiving entity. The current delay is expressed in milliseconds.

DU size — specifies the length of the service data unit (SDU) in which.thie’'underlying networl
he MMTP packet over the MMTP session. It is expressed in bits. Overhead for the protoco
nderlying network is not included.

DU loss_ratio — is a fraction of SDUs lost or detected asserroneous. Loss ratio of MMTP
an be calculated as a function of sbu_loss ratio and spg size. The spU loss ratio IS expr
ercentile.

eneration time — is generation time of the current‘NAM which is based on the NTP timesta
eneration time is expressed in milliseconds.

elative bitrate — the available bitratesthange ratio (%) between the current NAM
revious NAM parameter.

elative buffer fullness - the remaining buffer fullness change ratio (%) between the
AM and the previous NAM parameter.

elative peak bitrate - the peak bitrate change ratio (%) between the current NAM
revious NAM parameter.

£R — bit error rate is the last measured BER at the PHY or MAC layer. For BER from the PHY |
alue shall be presented as a positive value. For Ber from the MAC layer, this value shall be pres
negative value ofwhich the absolute value is to be used.

3 MMTP-Session Setup and Control over Unicast

3.1 Session Description for MMTP

but of

urrent delay — is measured transport time for delay between the last liop’ network entity and

K carries
s of the

packets
essed in

mp. The

and the

current

and the

hyer, the
ented as

heSDP 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.

The required 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
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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-field = "m="media SP port {'/" integer] SP proto 1*(SP fmt) CRLF
proto = "UDP/MMTP" | “UDP/TLS/MMTP”

8~

The "MMTP/UDP" protocol identifier specifies that the session being described will use the MMT
protocol on top of a UDP connection. The "fmt" list may be used to describe th€ object flows that ar
deliverefd as part of the MM TP session.

[¢)

13.1.2 Pbject Flow Semantics

[

An MMTP session consists of an MMTP flow that is delivered during a designated period of time tha
is indicated by the session start and end time or through external means. Each MMTP sub-flow carrig
objects pf an object flow. An object flow is composed of a set of related objects that are meant to b
consumed together by the receiver. An object flow may carry objects of one of the following types:

D »n

o

— Media objects that are formatted as fragmented ISOBMFF files and that are meant to be consume
seqiientially. In MMT terms, MPUs would constitute the objects of such an object flow, which i
nanjed as Asset.

[72)

— The|object flow consists of generic objects that are meant to be consumed simultaneously or ip
seqyience.

— Thelobjectflow consists of objectsthatcarry signaling messages thatare relevant to the consumptiop
of thhe MMTP flow.

— Thelobject flow carries FEC'repair packets.

The SDP descriptors enables-providing basic descriptive information about the object flow. The related
SDP parpmeters are described in the following section.

13.1.3 Pbject Flew Descriptors

The "fm[" field+in the media line is used to identify the relevant object flows of an MM TP session and tp
indicate|its type. In addition, a textual description of the object flow may be provided separately. T
ABNF sy ' iption-is-defi ;

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
=1411639200 1427277600
a=source-filter: incl IN IP4 * 10.10.52.13
m=application 12345 MMTP/UDP 100 101 102 103 104
a=of:100 flowid=0 Signaling/PA
a=of:101 flowid=7623 MPU
a=0f:102 flowid=7624 MPU
a=of:103 flowid=7625 GF
a=of:104 flowid=7626 FEC

he SDP fragment shows an example SDP instance for an MMTP session. The MMTP session d¢
et of 5 object flows. The first object flow, whichthas the packet_id 0, is the flow that carries
nessages and in particular PA messages that:describe the MMT services. Object flows with p
623 and 7624 carry media data of 2 different assets using the MPU mode. Object flow with p
7625 carries generic files that are carriedyusing the GFD mode. Finally, object flow with packet
arries FEC repair data for one or mone other object flows. The description of the FEC protectg
flows is provided through the FEC Signaling message.

15 O

Q

13.2 RTSP

13.2.1 General

—

he RTSP is an application level protocol for starting and controlling delivery sessions of 1

= 3

nedia. RTSP teliés on SDP for describing these streams.
HRTSP maybe used to setup and control MMTP sessions. If RTSP is supported then:
4+ MMT sending and receiving entities shall implement the DESCRIBE, SETUP, PLAY, PAU

bclares a
ignaling
acket_id
acket_id
| id 7626
d object

eal-time

hedia data. RTSP-can control either a single or multiple time-synchronized streams of coptinuous

ISE, and

TEARDOWN methods

— 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 )

mm{-pos = packet_id “:” mpu_sequence_number

13.2.3 MMT sub-flow Parameter

o

The MMIT sub-flow parameter is used to select the sub-flows that the MMT receiving éntity wishes t
receive from the MMT sending entity. It is used both in the SETUP request as part of the Transpof
header flield or is send as part of the SET_PARAMETER message body.

(s

The MM[T sub-flow parameter has the following ABNF syntax when used in the\Transport header field}
MMY_subflow_parameter= “MMT_subflows” “=” 1*(packet_id “,”)

It has the following ABNF syntax when used with the SET_PARAMETER method:
MMV _subflow_parameter= “MMT _subflows” “:” 1*(packet_id ")

When present, the MMT sending entity should only include’the MMT sub-flows that are requested b,
the recdiver, unless these sub-flows are carrying signalifig messages. Sub-flows carrying signaling
messaggs cannot be turned off/removed from the transmission.

13.3 WebSockets for MMTP

13.3.1 [General

D

WebSockets[2Z] may be used to setup,and control an MMT session/presentation. When WebSockets ar
used for|session control, media delivery is multiplexed together with the control protocol as part of th|
same copnection.

[

An exanpple use case of MMT\aver WebSocket is described in Annex I.

13.3.2 [Upgrade to MMT over WebSocket

The MMT sub-pretocol shall be identified by the name “mmt” in the handshake request. A MM[l
receiviralF entity'wishing to use WebSockets for controlling an MMT session shall include the keyworfd

mmt” afs partof the Sec-WebSocket-Protocol header field together with the HTTP 1.1 protocol upgrade
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

Connection: Upgrade

Sec-WebSocket-Accept: p3sPMLciToaR9kXGzhzYRbL+x0o=
Sec-WebSocket-Protocol: mmt

3.3.3.1 Encoding

fter a successful upgrade of the protocol to MMT over WebSockets, the MMT receiving entity a
sending entity are able to exchange MMT data frames over the established WebSécket connect

fpr all messages exchanged over the WebSocket connection.

=

3.3.3.2 Frame Format and Semantics

he MMT sub-protocol defines a frame structure that is used to“frame the payload for tranj

o < o

he MMT sub-protocol frame header.

0 1 2

01 2 3 45 6 78 9 01 2 3 486 78 9 01 2 3 45 6 7189
| V |D| CMD_CODE | EXT LENGTH |

| Extension. ((JSON encoded parameters+padding)

\ Application Data
\

Figure 24 — MMT sub-protocol frame header

The MMT sub-protocol frame header is defined as follows:

S <

0’:

D (1 bit) - The data bit indicates If the content 1s data or control. If the data flag 1s set then the
shall be the MM TP packet and CMD_CODE should be set to 0x1F.

nd MMT
ion. The

MT sub-protocol shall use the ‘binary’ format (opcode ‘binary’ or any ‘contindation’ frames fthereof)

mission

ver binary WebSocket frames. The MMT sub-protocol frame cansists of a frame header as depicted in
igure 24 and frame payload. The frame header shall be provided as WebSocket frame Extension Data,
Phich shall be present and of which the size can be determined as 4+4*EXT_LENGTH bytes as given by

01

T i a st e S e e A e e e s
T e e e T T S S L e T T st St e S e [ S

T e a st e e e L e e s A

T s e st i e S e e e S S e T

(2 wits) - The version number of the MMT sub-protocol. The current version number shall pe set to

payload

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 2 age provided by the parameter “url”. Optionally, the request may also include

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-

the range parameter “range” and a selection of the sub-flows “packet_id”.

This message goes from the MMT receiving entity to the MMT sending entity.

Stop the transmission of the MMTP sub-flows that are identified by the packet_

TOP 3
d-The packetidsare comma separated.
An acknowledgment by the MMT sending entity to the MMT receiving entity
\CK 4 . :
that confirms the acceptance of the previous request.
The MMT receiving entity periodically transmits feedback to the MM T sending
FEHDBACK 5 entity to inform about the current buffer level and the current playback posi-

tion. The payload shall be the NAMF message.

EXT LEN

data. Thle extension header must be a JSON encoding of additional informationields that apply to thie

current
header.

13.3.4
Websocl

followinlg information:

Subprot
Subprot

Subprot
this sect

134 M

13.4.1

Multiplé
sender 4
In addif]
perform|
types of
capabili
the poss

CTH (8 bits) - Provides the length in 4 bytes of the extension data that preeedés the applicatiop

frame. To align with 4 byte boundaries, padding 0 bytes may be added after the extensiop

Sub-protocol Registration

kets[27] requires that sub-protocols be registered with(theé IANA. The registry requires thie

bcol-Identifier: shall be set to “mmt”

bcol Common Name: shall be set to “MMT”

bcol Definition: shall refer to the specification of the WebSocket MMT subprotocol as defined ip
ion.

ultipath Support in MMTP

General

transport connections using multiple network interfaces can be established between the MM[T
nd the MMT receiver’so data can be sent faster and in a reliable fashion to the destination.
ion, MMT application can be made link aware i.e. the application can have visibility intp

ance of each of the multiple network paths and make informed decisions as to what differer
payload (MMT asset types) can be transferred on which network path (interface). With thi
y, MMT dpplication can dynamically change the network path if it finds out that one or more d
ible network paths are performing bad.

= N et
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Figure 25 — Multipath Deliveryin MMT

igure 25 shows an architecture diagram for multipath delivery in MMT. Multiple transport conhections
an be setup between the MMT sender and MMT receiver using different network interfaces gvailable
n the MMT sender and the MMT receiver. Differentjpacket flows of the multimedia data stream can be
Fansferred on different transport connections thus using multiple network interfaces (paths) available
br data delivery. Upon receiving packet flows-on different network paths, MMT receiver can compute
er network quality statistics (QoS, QoE etc)and give this information as feedback to the MMT sender.
he MMT sender can use per network path feedback to make informed decisions for sending subsequent
ackets of different packet flows. If one.network path performs poorly during the course of the|session,
different network path can be chosén for subsequent packet delivery. As a result, poor performance
f one network path does not impact the overall quality of media delivery, and therefore has noladverse
mpact on the end user experience.

O O M s Eh O O M

or supporting multipath delivery in MMT, control protocols (signaling protocols) for setting up MMT
essions have to be enhanced to support multipath setup capabilities. MMT sessions can be setup using
ignaling protocols Such as RTSP and HTTP. This section presents how two communicating parties can
egotiate multipath'capabilities and setup a MMT multipath session. In addition, it also focusesjon MMT
pedback message enhancements for supporting per network path feedback.

sl HLY B, Bl !

13.4.2 Multipath Negotiation

MZ sender (MMT sending entity) and MMT receiver (MMT receiving entity) should have capabilities
tp‘regotiate for multipath MMT setup. This negotiation is performed during the MMT sessi¢n 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. Ifthe other party supports multipath feature, it shall respond with an affirmative response.

2. Ifthe other party does not support multipath feature, it shall respond with Unsupported header.

13.4.2.2 Session Setup with Multipath

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
correlatjng flows on different network paths.

13.4.2.2.1 Body Descriptions

For a sepsion description request from a MMT receiving entity, the MMT sending entityshould send
standargl SDP if it does not intend to use multipath session. However, if the MMT sending entity intend
to use a multipath session, the MMT sending entity should send an SDP with a new-attribute calle
“multipgth” with syntax as shown below.

<)

= wn

a=mMultipath:<value>

wheye <value> gives the maximum number of distinct interfaces supported by the MMT sendin|
entity for multipath delivery

In the §DP, the MMT sending entity should include media deseriptions for each of the multipat
interfaces as given by the multipath attribute. For synchronization of different media streams, SD
attributges such as “group” and “mid” (media stream identification) shall be used. These attributes alon
with mefdia specific connection information tells the MMT receiving entity that the MMT sending entit|
supportp multipath with interface grouping as specified.with “group” and “mid” attribute semantic
and that the MMT sending entity would use multipletinterfaces to receive packet data in the formg
indicatefd by the payload type values in the respective media descriptions.

= n <

Once thgp MMT receiving entity receives SDP*from the MMT sending entity, based on the multipath
attributg, the MMT receiving entity can setup multiple connections to the MMT sending entity - onfe
each to ¢ach of different network end points specified in the SDP. Further, the MMT receiving entity cap
request [to receive data from the MMT-sending entity on different interfaces of its own if it intends tp
use mulfipath delivery.

1. IfRTSP is used as the signaling protocol for session setup and if the MMT receiving entity intendis
to use multipath delivery, the MMT receiving entity should send multiple SETUP requests to the
MM sending entity with different transport header values to receive data on different network
intefrfaces.

2. If HTTP and WebSockets is used for setting up unicast MMT sessions and if the MMT receivin
entity intends)to use multipath delivery, the MMT receiving entity should send multiple HTT
upgfade requests to the MMT sending entity to receive data on different network interfaces.

"o 0Q

When a MMTT receiving entity makes multiple SETUP requests (RTSP) or multiple WebSockets requestfs
(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
“Multlpathld" header in all response messages from the MMT sendlng entity should be identical. When
ipathld”
header the MMT rece1v1ng entlty should recogmze that the MMT sendmg entlty is intendinig to use
multipath delivery feature and that all flows that result because of the corresponding gignaling
messages belong to the same MMT session.

13.4.3 Session Modification with Multipath

It is possible that MMT receiving entity and MMT sending entity intend to enable or disable support for
hultipath during the session.

=

d) Add multipath support during the session

The MMT receiving entity and MMT sending entity open a tranhSport connection (TCP or UDP) for
data delivery using RTSP or HTTP signaling protocol withotbusing multipath capabilities.

i. MMT receiving entity proposal for multipath: During the session if the MMT receivingg entity
likes to use multipath delivery feature, the MMT receiving entity can check the njultipath
capabilities of the MMT sending entity as déscribed in section 1. If the MMT receiving entity
and MMT sending entity decide to use multipath delivery, the MMT receiving entity and MMT
sending entity should setup multiple nétwork paths as described in section 1 MMT|sending
entity proposal for multipath: If duringthe session the MMT sending entity likes to use multipath
delivery feature, it can check multipath capabilities of the MMT receiving entity as des¢ribed in
section 1 The MMT sending entity should then send a new message body (SDP with mjultipath
attribute) with updated media description information to specify multipath capabilities. If the
MMT receiving entity elects'to use multipath, it can setup multiple connections as des¢ribed in
section 1

low

) Modify multipath supportby adding or removing interfaces

The MMT receiving‘entity and MMT sending entity can add or drop network paths if they are
already using multipath delivery.

i. MMT receiving entity: The MMT receiving entity can drop a network path by [sending
termihation messages to the corresponding signaling setup messages. For such termination
mes§sages for a network path, the MMT sending entity should send an affirmative resp¢nse and
continue using the remaining network paths for data delivery.

fi, ©* MMT sending entity: The MMT sending entity can add or drop network paths by announcing a
new SDP and ask the MMT receiving entityMMT receiving entity to setup connections hased 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 1327
support|multipath delivery. When MMT receiver starts receiving data on those multiple paths{.it'ca
keep trdck of the quality information (e.g., QoS, QoE statistics) for each network path. This qualit
information for each network path can be sent back to the MMT sender so the MMT sender-has bettegr
visibility into performance of each network path. With this information, the MMT sender can ta
necessaly actions e.g., re-transmit lost packets on a given network path, transport pagket flows on
different network path etc. This specification describes a method for receiver feedback to the senddr
using the ARQ (signaling and feedback) messages and Reception Quality Feedbac¢k. However, in t
current [specification, these messages carry feedback information for one network path on which ajl
the paclfet flows are transported. Therefore, there is a clear need for enharcing the receiver feedbac
messaggs to account for multiple network paths between the sender and the'receiver. In particular, t
followinjg enhancements have to be supported:

1. The|receiver should be able to compute quality information ora)path-by-path basis.

—

2. The|receiver should be able to send ARQ feedback messages consisting of multiple packet flows. |
addjtion, the receiver should provide path identifier infermation for each flow. When the sende
recdives updated ARQ feedback messages (consistingefpacket flows and network path identifiers
it should be able to perform corrective actions on a path-by-path basis.

—

<

3. The|receiver should be able to send Reception Quality Feedback for multiple network paths. I
addjtion, the receiver should provide path.identifier information and flow identifiers for each floy
When the sender receives the reception guality feedback information, it should be able to recogniz
quality information for each different\network path and take corrective actions on a path-by-pat
basis.

> O .~ =

14 CDN Support

14.1 Ge¢neral

Many of{the CDNs nowadays support the HTTP/1.1 protocol exclusively. Several of them have recentl

started [to add suppert for the HTTP/2 protocol. TLS and SSL are also widely supported to enablg
serving contentSe¢urely over an encrypted channel. However, little or no CDNs offer support for othd
protocols and-especially those based on UDP.

—

When uping 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 MM

served over MMTP flows.
Client

[\ MMTP
71N

\
A IR

/ | \
[ Load Balancer }
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HTTP(S)

| o &)
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Figure 26 — MMT integration innCDNs

14.2 DNS Resolution of MMT URLSs

14.2.1 General

When the MMT receiving entity consumes thetMMT based media streaming service over the
MT receiving entity should do the media<source URLs resolution process. In order to th
ceiving entity should request the DNS query message to DNS or MANE DNS. DNS or MANE DN
sponse the both IP address of media source MMT and MMT-specific media source informaf
MT_Package_id, Asset_id, MPU_sequence_number) by using DNS response message. In this cl

escribe the DNS message for supgporting MMT URL resolution.

4.2.2 DNS query message for MMT URLs

hen the MMT receiying entity wants to receive the contents from the origin media source
server, MMT receivingentity should request media source URL resolution to DNS or MANE
sing DNS query @nessage, MMT receiving entity can send the media source URL information t
NS. DNS queryamessage is composed of three entities: QNAME, QTYPE, and QCLASS. QNAME i
the domain.niame part of a uniform resource locator (URL) which called a fully qualified
ame (FQDN). QTYPE indicates the type of the query, i.e. the type of RR which should be ret
sponses. QCLASS indicates the class field such as IN for internet.

nternet,
at MMT
S should
ion (e.g.
huse, we

brovider
DNS. By
o MANE
ndicates
domain
irned in

4.2.3 DNS response message for MMT URLs

The DNS response message is used to deliver the media source URL resolution result to MMT r

eceiving

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
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, uHess-the-eh - ad-bataneingmeehanism—The Portfield showstheps
the servjice on origin media source location or server. The target field shows the fully qualified domain
name fof the host supporting the service. The target also contains the origin media source locatipn qf
media spurce for MMT streaming service that carries the resource as part of the domain name-of thie
internetjthat is serving the content over MMTP.

PP o O Oat = O f

The follgwing 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 Resource Identifier (URI) RR is an alternative to the SRV RR whereby.th€ returned URI string
may be psed directly by the requesting application unlike the SRV RR in gvhich the useable URI mug
be assebled from the search and results information. Similar to the SRV'RR it returns both weigh
and priqrity values which can be used to select an appropriate URI from multiple results. Howeve
unlike the SRV no port number is returned in the URI RR(s) since thi§ information is contained (wher
approprijate) in the URI string.

O+ o+

D

The MMIT URI RR follows the format specified as follows:
Ownmer-name TTL Class URI Priority Weight Target
The servyice information is encoded in owner name.
The follgwing is an example of an URI RR for thé MMT streaming service:

mmt._udp IN URI 0 10 "mmt://al123.exigin.example.com://53/packagel/assetl/1.mpu"

[

The response also contains an Address (A) or IPv6 address (AAAA) record for the target and
corresppnds to the IP address of thé&media source location.

The A RRis specified to follow the following format:
owiler-name ttl class xripv4
The follgwing is an example of a corresponding A RR:

al2B.origin.example.com 14400 IN A 10.100.20.1

—

Additionally, in"media resource resolution result, a TXT resource records is returned to the MM
receivinF 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
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.

of Asset

4.2.4 DNS update message of MMT URLs

hen 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 resource’ident
ipformation. If the (MANE) DNS does not have the media resource identification infgrmation
quested by the MMT receiving entity, then the media resource identificationdnformation sl
pdated using the DARI proxy or the Name Server which provides actual mediaresource ident
ipformation. By using DNS update request message, the DNS or MANE DNS ¢an request the
edia resource identification information from a DARI proxy or Name{Server. After the DAI
r Name Server receives the DNS update request message, it should-check the request and
pdated media resource identification information by using DNS update response message.

4.2.5 Media Resource Update (MRU) Message

hen the MANE DNS received the updated media resoutce’identification information which
y MMT sending entity or MANE (i.e. DARI proxy), MANE.DNS should send the updated media 1

ification
which is
hould be
ification
updated
RI proxy
tend the

is given
'esource

iflentification information to MMT receiving entity. By“using Media Resource Update (MRU) 1nessage,

ANE DNS can notify the updated media resourceidentification information to MMT receivirg entity.
The syntax for MRU message is shown in Table 107.
14.2.5.1 Syntax
Syntax of the MRU message is shownin-Table 107.
Table 107 — MRU message syntax
Syntax Value Nl;)i.tgf Mnemonic
YRU message () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload{
ip _addr_ flag 1 bog¢lean
application_flag 1 bog¢lean
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
1
if (client flag == 1){
identifier 16 Uimsbf
}
Number of URLs N1 32 uimsbf
for (i=0; i<N1; i++){
mmt_URL ()
request_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 (i=0§ A<NI1; 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.

dpplication flag - indicates whether application id is included or not. If it is set to ‘1’, the @pplication
l is included.

—

diient flag - indicates whether clientid is included or not. If it is set to ‘1, the client id.is included.

tart ipv4 src_addr - This field is the IPv4 address of the sender of the packet/It is the stprt [Pv4
ddress of [Pv4 address range.The length of this field is 32 bits.

S0

nd_ipv4 src_addr - This field is the IPv4 address of the sender of the packet/It is the start [IPv4{address
df IPv4 address range.The length of this field is 32 bits.

(0]

tart ipvé src_addr - This field is the [Pv6 address of the sender/of the packet. It is the start [Pv6
ddress of [Pv6 address range.The length of this field is 128 bits;

[ S0

tart ipvé src_addr - This field is the IPv6 address of €he' sender of the packet. It is the ¢nd IPv6
ddress of [IPv6 address range.The length of this field is 128 bits.

J S0

pplication id - indicates a unique application ID\which is uniquely identifies applicatiop on the
device and in MMT.

Q

ildentifier — indicates a 16-bit identification field generated by the device that creates the DN{ query.
rumber of URLs - provides the number ofwmt urLs which should be updated.
mnt_url — indicates the media source-URL which is request by MMT receiving entity.

equest type - indicates the typeof request information in the media resource identification agcording
b Table 108.

=

—

Table 108 — value of request_type field

Value Description

500b all information (media_resouljce_location, _access_network_descriptor( ,
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 defined 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 mdu_sequence - TNIs [1eld 1s the end numMber of Mpu SEqUENCE 1N asset which 1s referenced. by
mmt_UHLs. The length of this field is 32 bits.

14.2.6 MRI Request (MRIR) message

|

Media resource identification information, which includes the policy to be adopted:by the MM
sendinglentity and MMT receiving entity in the event of dynamic media resource transmission access
session |control, shall be transmitted at the beginning or in the middle of a session as the media
resourc¢ identification information (MRI) message from the transmitting MMZ»sending entity to t%

MMT refeiving entity. If the MANE DNS or DARI proxy wants to receive or update the media resour
identifidation information, it should request the media resource identification information by usi
MRI reqpest (MRIR) message. The syntax for MRIR message is shown in¢lable 109.

14.2.6.1 Syntax

Syntax qf the MRIR message is shown in Table 109.

Table 109 — MRIR message syntax

Syntax Value | No. of bits | Mnemonic
MRIR mgqssage () {
mesgage_id 16 uimsbf
vergion 8 uimsbf
length 16 uimsbf
mesgage payload{
ip addr flag 1 boolean
request_flag 1 boolean
iff (ip_addr flag) {
if (ip_ addrgwe¥sion == 00) {
ipv4 sr&addr 32 uimsbf
lelse€if' (ip addr version == 01) {
ipv6_src_addr 128 uimsbf
¥
}
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 idéntfification
ipformation or update media resource identification information. If it is set to ‘0, the reqyest new
information. When the request for update media resource identification information, it.s set to|'1".

pv4 src_addr - This field is the IPv4 address of the sender of the packet. The length of this field is 32
its.

o b

ipvé src addr - This field is the IPv6 address of the sender of the packet. The Yength of this fie|d is 128
its.

o

mnt_url — indicates the media source URL which is requested by MM T.an receiving entity:.

,_
‘»—x
<

request_type - indicates type of request information in media resource identification in Table

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

NIMT-aware network entity (MANE) is a network entity which aware of media types|and its
dharacteristics that i$ carried through themselves by the tools MMT technology provides as flepicted
in Figure 27. MANE ¢an acquire this media-related information, such as from header of MMTP| packets
where media is/being carried on and MMTP signalling messages retrieved, etc. And those infqrmation
gnables mediazaware operations.

MMT MMT-aware MMT
. . > Network entity . .
sending entity (MANE) receiving entity

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:

The MA
signalliq

The pro

166

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

deli
of A
Ass
flow
deli
sing

For
to 1
fory

Typ

flow
aM

Aut

authenticate and to enable provisioning of MM TP session at the MANE.

MM

sendling entity representative based on the (sed credentials such as token based mechanism.

MM
top

Mod

MM
infol

very network condition. Associated parameters are therefore MMTP flow identification, typ
sset, descriptor of Asset, timing information for presentation , mapping information betwee
et and packet flow, AL-FEC and measurement configuration related information. One ©r-mo

’s can be attached to a MMTP session thus allowing in practice a MMTP session havihg‘several
very networks for Package distribution. However, there can only be one MM TP flow within o
le MMTP session at a given time, since there is only one PA message from MMTP sending entity.

each of the MMTP session and MMTP flow procedure, the MMT sending-entity shall be able
etrieve the state through a MMTP session creation message. The MANE interface supports
barding of MM TP over UDP based delivery of MMT package.

cally,a MMTP session ora MMTP flow is created usinga MMTP session creation message, MM TP
r creation message upon the flow, updated with a MMTP sessiomipdate message, fetched usinig
MTP session query message, and deleted using the MMTP seSsion termination message.

jom

NE interface defines the following procedures for the MMTP session for media delivery an
g messages:

nentication and authorization procedure to enable’ MMT sending entity and MANE to cross

[P session creation by the MMT sending entity and according to the grants given to the MMTT

TP flow creation by the MMT sending entity to configure a MMTP session and enable the MANE
erform MMTP session proceduresias described in current specification (mobile MMT).

ification and termination of.a MMTP session or delivery of MM TP flow.

TP session reporting and-feedback procedures from MANE to MMT sending entity to collect thie
rmation of specific MMTP session for presentation metrics and delivery metrics.

cedures are depicted by Figure 28:
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MMT

| Creation of MMTP session

| MMTP flow configuration

| Delivery of MPU / signaling messages
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MANE

L Aot
ocuuuls CIILI Ly

%)

grocess as follows:

N

|MMTP session reporting and feedback

| MMTP session/ flow update

| Termination of MMTP session

VvV VvV VvV VvV VYV

Figure 28 — General procedures between MMT sending entity and MANE

14.3.3 Authentication / Authorization

1 Based on the assigned specific function of the network node agreed between the Mobile
Operator (MNO)-and the MMT sending entity, the MANE shall respond with a token speciflying the
entitlements.the MMT sending entity end point used.

Authentication using TLS

The intention of the authentication procedure is texreliably identify both MMT entitie$ of the
dommunication channel each other. Based on the authorization information, the MANE checks for every
transaction whether the authenticated MMTP serding entity is authorized to execute a prpcedure.
As a result of the successful authentication and authorization procedure, the MANE proyides an
authorization token to the MMT sending entity. The authorization token must be providefl for all
ubsequent transactions between MANE and"MMT sending entity. Figure 29 depicts the authentication

4+ The MANE and the MMT sending entity exchange authenticated Certificates that certifies who they
are based on Service Level Agreement (SLA) step.

1+ The MMT sending entity-then either match SSO or provide a pre-exchanged authorization key to
initiate a connectionto_the MANE.

Network

\ 4

MMT

Authentication Request

> MANE

i deade:
acuulus CII Lll,y

N

Authentication Response

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
mes

technology is used to secure transport of both MMTP delivery of MPU and MMT signalling
sage.

— Every transaction requires that MMT entities are authenticated

Finally, the MMT sending entity may fetch its authorization entitlements using a query to the MANE.

14.3.4

A MMTH
multipld
delivery
session
depicts

— The
Pacl
The
dist
driyj

— Upon successful MMTP session creation by the MANE, theMANE shall provide a unique MMT

Sess
MM

Initially,
delivery]

14.3.5

Creation of a MMTP session

session is a delivery of MMT Package as defined in.[ll Each MMTP session may contain‘one dr
MMTP flows. Each MMTP session is time bound by start time and stop time, uses a specific
method, and is associated with a target service area which can be used to derive the MMTP
irea by logistic information. The stop time may be absent in case of limitless sessions. Figure 30
ession creation procedure as follows:

authenticated and authorized MMT sending entity creates a new MMTFP session by providing
xage ID, service class of Package delivery as well as expected MMT réceiving entity capabilities.
MMT sending entity may select whether the Contents Proyider or the service providdr
ributes service announcement by providing a description of MMT packages used for operatot
en service announcement.

= J

ion ID, which the MMTP sending entity shall use for.sutbsequent MMTP flow creations and/o
P session updates & termination.

MMTP Session creation request

v

MMT

sending entity MMTP SeSsion creation response MANE

N

Figure 30 — Session-creation procedure between MMT sending entity and MANE

the description of MMT Package does not contain any delivery network informatoin. Thie
methods will'be set during session creation by MMT sending entity or MANE.

Creation of MMTP flow

Once a
MMTP s

168

ession. Each flow is mapped w1th a group of sub flows of Assets each of which is 1dent1f1ed 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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MMT MMT
sending MANE sending
entity entity

Authentication/ Authorization steps performed

N N Y Y Yy Y Y Y Sy s gy -

Create MMTP session R

Response on creation
<€

Package description

> Package description
Response on Package description

&
<€

MMTP session

Figure 31 — MMTP flow creation procedure between MMT sending entity and MANE

The authenticated and authorized MMT sending entity creates a MM TP flow within a MMTR session
already created. This triggers thee MANE to allocate many parameters from an MMTH session
creation message which specifies delivery of Package, including a PA message, MMTP packet_id,
source [P Address for multicast, UDP Port and QoS information, etc. The MMT sending enfity may
select continuous push otoh-request pull for MMT Package ingestion for each flow. The¢ unique
MMTP session ID, AssgtyDelivery Characteristic (ADC) which includes bitrate of media (ekcluding
any FEC repair data), scheduling information of MMTP package (start time, stop time) and AL-FEC

configuration meSsage are provided as input.

Note ALSFEC message or configuration may be provided from MMT sending entity.

After MMTP flow creation, the MANE returns a flow ID, which uniquely identifies the created flow.

Additionially, in case of a MMTP live flow, the push MMT-URL is added to the response.

Onee the flow is created, all information for signalling message is available and the MANE[is ready

to start announcing the MMTP session. The MANE starts providing Package-relateds

a i AN/ D

following MMTP flow updates.

gnalling
age-attematicaly-asseenasa AFY ermation-have-beenprovided
(e.g., PA message for MMT Package). MMTP session signalling message is automatically updated

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-b

ased 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 proactively terminate the MM TP flow before the stop time.

14.3.6

A part (
results {
depicts

Figu

— The
the
Sess
MM
mod

— The

Note th
Measurg
MMTP s

MMTP session update

(s

r all possible information may be changed since a MMTP session is created. In that case,
o need of dynamic modification of MMT signaling message by MMT sending entity.'Eigure 3
MMTP session update procedure as follows:

NS

MMTP Session update request

v

MMT

sending entity Response on MMTP session update MANE

N

ire 32 — Procedure of MMTP session update between MMT sending entity and MANE

pnique MMTP session ID, and updated paraineters. As long as no flows are added to the MMT
ion, all information of MMTP session may be modified. Once a MMTP flow is created, only t

[ receiving entity capabilities and Measurement Configuration messages are allowed to be
ified.

authenticated and authorized MMT sending entity updates an existing MMTP session providi:E

MANE shall provide an update status of MM TP session to MMT sending entity.

ht the MMT sending enfity’ should first request the MMTP session information using a
ment Configuration message before performing an any update as the MANE expects the Updat
pssion message to contain all MMTP session information.

D =
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14.3.7 MMTP flow update

MMT MMT
sending MANE sending
entity entity

\ 4

Response on creation

A

Asset description

\ 4

Asset descripfion

Response on Asset description

A

MMTP transport flow

Figure 33 — Procedure of MMTP flow update between MMT sending entity and MANE

|

igure 33 depicts MMTP flow updaté procedure as follows:

-+ The authenticated and authorized MMTP sending entity may update an existing MMTP flow. Before
the MMTP flow is started;*all information of MMTP flow can be updated. Once the MMTP flow is
started, only the following information are allowed tobe changed:

— MMTP flow schedule (start, stop),

— MMTP flow AL-FEC information,

— number of MMTP flow (add, delete).

~+ The:MANE shall provide an any update status of MMTP flow to MMT sending entity.

—+c.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
Terminate MMTP session
Response on terminate

Figure 34 — Procedure of MMTP session termination between MMT sending entity and MANE

14.3.9 [fermination of MMTP flow

MMT
sending
entjty

Terminate MMTP flow

Update Package description

MANE

Respohse on terminate

\4

N

\ 4

MMT
sending
entity

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

o wl

igure 36 depicts MMTP session query procedute as follows:

— The authenticated and authorized MMT sending entity may request to the MANE for|specific
information by sending measurement’configuration message.

- The MANE shall provide the jnformation response upon receiving the measurement configuration.

14.3.11MMTP session measurement feedback

|

igure 37 depicts MMTP'séssion measurement feedback procedure as follows:

1 The authenticated and authorized MMT sending entity may request to register for feedbagk on the
MANE. The.MANE shall provide the scope of the feedback (for all MMTP session, or for a| specific
MMTP session or MMTP flow) and the URL to be used by the MANE to report the feedback

+ The MANE shall response proper registration request.

—+ M 'dmeasured condition in the measurement configuration defined by the MMT sending entity
occurs, the MANE shall send an feedback message to the MMT sending entity or report to 374 party
Server witihr the paytoad of the message containing the feedback message:
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MMT
sending MANE
entity
Measurement configuration request
>
Response on MC request
€
Requested feedback message.
€

Figure 37 — Procedure on MMTP session measurement feedback

15 FCAST supportin MMT

15.1 General

FCASTIZ8] can be considered as a protocol extension\to deliver objects on top of other transport protocol
such as ALC/LCT and NORM. Depending on the‘underlying protocol, FCAST can offer a different rang
of reliaﬂility. With NORM for instance, full reliability can be achieved using an acknowledged deliver
mode. However, this comes at the cost of'sgalability. FCAST is intented to be a simple alternative to
fully-flefiged file delivery protocol like FEUTE by sacrificing some flexibility.

D O w»n

FCAST delivers compound objects;including both metadata and actual data of an object together. Thi
simplifigs the reception procediirg considerably. The object metadata is provided in the form of HTTP
1.1 headers, but other formatSgan be used and signalled as well.

[72)

It comegwith an integrity¢heck mechanism using a checksum that can verify correctness of the heade
or of the full compound)object. To avoid large overhead, the object header may be compressed usinjg
Gzip.

—

[

FCAST domes with special support for object delivery carousels. An FCAST session can carry an objeg
carousel, where a fixed set of files is sent repeatedly over the session. The carousel is described in
dedicatgd’compound object and identified by a carousel instance ID (CID).

Y]

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 combined delivery solution would offer a good alternative.
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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 Ne\%its Mnemonic
| £ (location type == ‘0x0D") {
ipv4 address_type 1 b
toi_flag 1 b
url flag 1 b
carousel flag 1 b
reserved ‘1111’ 4 ujmsbf
| £ (ipv4 address type == ‘1b’) {
dst_ipv4_addr 32 ujmsbf
else {
dst_ipvé addr 128 ujmsbf
port_number 16 ujmsbf
L £ (toi flag) {
s 1 b
H 1 b
o 1 b
reserved ‘111171 5 ujmsbf
TSI 32*S+16*H ujmsbf
TOI 32*0+16*H ujmsbf
L £ (url £449) |
URL-length N1 32 ujmsbf
for (i=0; 1i<N1; i++) |
URL hyte 8 wimsbf
}
}
if (carousel flag) {
CID
} 32 uimsbf
15.2.3 Semantics
The semantics of the fields are as follows:
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ipv4d address_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 addr:the IPv4 address of the destination on which the FCAST session is running;

dst ipv
s:aflag
u: a flag
o:aflag
URL len
URL byt

CID: nun
15.3 F(

15.3.1

Among
support
shall be

15.3.2

The pay
shown i
compou

An imm
termina

the MPI{

An imm
payload
TOI fron

To allow

b addr: the [Pv6 address of the destination on which the FCAST session is running;
that indicates the number of 4-bytes in the TSI;

that indicates the number of 2-bytes in the TSI and TOI;

that indicates the number of 4-bytes in the TOI;

bth: the length of the URL of the FCAST object;

b: a byte from the URL of the FCAST object, encoded in UTF-8 format;

neric value that identifies a carousel instance.
[AST over MMTP

MMTP packet header for FCAST

he syntax elements of the MMTP packet headet,*a new value for the type field is needed t
FCAST. To indicate FCAST payload type, a new value of the “reserved for ISO use” code spac
assigned for FCAST in the “data type and definition of data unit” table.

D O

MMTP payload header for FCAST mode

oad packets sent using MMTP shall'include an FCAST payload header and an FCAST payload a
h Figure 38. A FCAST payload can be a whole compound object or a member of a partition of
hd object.

D »n

—_—

nent end of FCAST carousel session can be signalled by the FCAST payload header. The actud
Fion of an FCAST carousel session is indicated by removing the corresponding asset entry fror

=

nent removal.of a compound object out of a carousel instance can be signalled by the FCAS[T
header. Theactual removal of a compound object is indicated by removing the correspondinig
1 the CIID.

r compound object multiplexing, a payload sequence number shall be provided in the FCAST

payload

heéader. The payload sequence number can be used to sort out payloads that belong to a TOJ.

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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0 1 2 3
01234567890123456789012345678901

et e SRR o +

L] Payload Sequence Number (PSN) |

o m e e e e e +

| Transport Object Identifier (TOI) |

PO oot ee e pepotepep +
FCAST payload +
e e e +
Figure 38 — MMTP payload header for FCAST mode
As shown in Figure 38, the FCAST payload header has a fixed size of 8 bytes:
I (1 bit)-indicates that this packet contains the last byte of the object.
Hayload Sequence Number (PSN: 31 bits) — is a number incremiented per FCAST payload with the
spme TOL. It starts from 0 and a wrap-around is not allowed. For\a long compound object that requires
a payload sequence number beyond its maximum value, a partitioning method shall be used. FCAST
drotocol provides a means to partition a long compound object into multiple compound objectsq.
Transport Object Identifier (TOI: 32 bits) — indicates that this packet contains the last byjte of the
dbject.
15.3.3 Signalling in MPT for FCAST
A FCAST session corresponds to an FCASTcarousel asset in an MMT package. The MPT contains the
signalling information for all the FCAST\carousel assets in an MMT package. A FCAST carouse| asset is
ifentified by its asset_id in MPT. Te indicate the asset_type of an FCAST carousel asset, a new four
dharacter code (4CC) ‘fcst’ shall be used.
A FCAST descriptor defined inisubclause 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 syntax of the\rCAsT descriptor () is defined in Table 112 and the semantics are provided below the
thble.
Table 112 — FCAST descriptor
Syntax Value | No. of bits | Mngmonic
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
descriptjor.)

[

descripfor length - specifies the length in bytes counting from the next byte after this field to-thelas
byte of the descriptor.

descripfor version — specifies the version of this FCAST descriptor. This field shall bg incremented
whenever the FCAST descriptor is updated. This field is a wrap-around counter. If this)field has a value
different from that of the previously saved FCAST descriptor, receivers shall replace itvwith this FCAS[
descriptjor.

static_farousel flag - indicates a static carousel. If this flag is set to 1, the(FCAST carousel is static.

fixed phyload size flag - If this flag is set to 1, all MMTP packets with a same TOI in the FCAS[
header has equal amount of FCAST payload except for the last MMTE-paeket.

cycle ihdependent payload flag - Ifthisflagissetto 1, the way acompound object is partitioned intp
the FCAPT payload fields of MMTP packets is the same throughout the FCAST carousel. In this case, thie
MMTP pgackets with a same TOI or an equivalent TOI and with-a same payload sequence number (PSN)
have thq same part of a compound object as FCAST payload.

use CID| flag - If this flagis setto 1, a CID is deliverediin the current FCAST instance.

[s9)

use methdata collection flag — If this flag is set'to 1, a metadata collection object is delivered as
regular compound object in the current FCASTinstance. A metadata collection object contains all g
part of dbject metadata for all the objects delivered in the current FCAST instance.

[y

c1p_tor|- specifies the TOI of the CID compound object delivered in the current FCAST instance.

metadath collection TOI - specifies the TOI of the metadata collection compound object delivered ip
the current FCAST instance.

15.3.5 Metadata collection object

If not compressed, aqmetadata collection object is a text file encoded in UTF-8.

A metadata collection object contains a list of { (1stcID, TOI), object metadata} where 1stCIDist
CID of the first\FCAST carousel instance to which the object is added and o1 is the TOI value of t
object iff the.FCAST carousel instance that has 1stc1p as its CID. For static carousel, 1stc1p shall not b
providedl.

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: the CID value in a decimal number<CR-LF>

TOI: the TOI value in a decimal number<CR-LF>

A part or all of the object metadata in HTTP/1.1 metainformation format
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Annex A
(informative)

Jitter calculation in MMTP

.1 General

MT specifies the timing model to be used for MMTP packets delivery. Delivery of tithed me|

dia data

ccording to their temporal requirements is an important feature supported by _thes MMT protocol.

reservation of timing relationships among packets in a single MMTP packet flow-6r between

from different MMTP packet flows is another important feature of MMT. The'delivery timin
rovides also the necessary information to calculate jitter and the amount éf delay introduce
nderlying delivery network during the delivery of a Package.

.2 Network jitter calculation

etwork jitter calculation is essential for jitter compensation that may be required by some

sing the MMT protocol. Network jitter calculation methed<used in this document is adopf]
IETF RFC 3550. Formula (A.1) is used to calculate the diffeperice in packet spacing, Dy,(i.j), for
MTP packets i and j at the receiving entity:

Dymr (1, 7)=(Ta,; T4, )—(Tp j —Tp ;i )=(T4 ;. =z0p, ;) —(Ta,; —Tp ;)

where Tp; and T} ; denote the delivery time:i@istance of two MMTP packets i and j, respectively,

arrived at the MMT receiving entity, respectlvely

The inter-arrival jitter, /y;,7(i), which' is defined to be the mean deviation of the difference i
sjpacing is calculated continuously“according to the following formula every time an MMTP p4
received:

Jumr ()= Tymr (= FDyyr (1=1,1) = Jyyr (i-1)]1/16

packets
g model
d by the

services
ed from
a pair of

(A1)

carried

if an MMTP packet header. The T, ;and Ty rare the time instances at which MMTP packets i and j have

h packet
icket i is

(A.2)
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B.1 XML syntax

The foll

<?xml v
<xs:sch
xmlns="
targetN
attribu
<xXS:

<

<
messagi
</xs
<XS:

<

maxOccu

use="op

180

Annex B
(normative)

XML syntax and MIME type for signalling message

wing provides the XML syntax for the signalling messages that are defined in this dociiment.

Prsion="1.0" encoding="UTF-8"?>
bma xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
irn:mpeg:MMT:schema:Signalling:2013"
bmespace="urn:mpeg:MMT:schema:Signalling:2013" elementFormDefault="qualified"
FeFormDefault="unqualified">
Ennotation>
ks:appinfo>MMT Signalling</xs:appinfo>
ks:documentation xml:lang="en">This schema defines the syngax./for MMT Signalling
hg that </xs:documentation>
: annotation>
Element name="Message">
ks :complexType>
<xs:choice minOccurs="1" maxOccurs="1">
<xs:element name="PA message">
<xs:complexType>
<xs:sequence>
<xs:element name="table" typesiTable" minOccurs="1"
s="unbounded" />
<xs:any namespace="##other*processContents="skip"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="MPI message'">
<xs:complexType>
<xs:sequence>
<xs:element, name="MPI table" type="MPIT"/>
<xs:element\tame="MP table" type="MPT" minOccurs="0"/>
<xs:any haméspace="##other" processContents="skip"/>
</xs:sequénge>
<xs:attribute name="associated MP table flag" type="xs:boolean"
Fional" default="Ealse"/>
<xsyanyAttribute namespace="##other" processContents="skip"/>
</xs yCemplexType>
</xs:elemént>
<xs:dbement 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"/>
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</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="AL FEC message">
<xs:complexType>

<xs:
<xs:element name="fec flow">

<xs:complexType>
<xs:sequence>

sequence>

ISO/IEC 23008-1:2023(E)

<xs:any namespace="##other" processContents="skip"/>

<xs:element name="FECConfiguration">
sccomplexType

type="xs:integer" />
type="xs:integer"/>
type="xs:integer" />
type="xs:integer"/>
type="xs:integer" />
type="xs:integer"/>

type="xs:integer" />

type="xs:integer"/>

<xXs:

<Xs:
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>
<xs:element name="ADC message">
<xs:complexType>

drocessContents="skip"/>

<xS:

<xs

<xS

<xs

<xS:

<xXs:

<xS:

<xXs:

</xs:complexType>

attribute

rattribute

rattribute

rattribute

attribute

attribute

attribute

name="repair flow id"
name="maximum k for repair Aiow"
name="maximum p for repair*flow"
name="protection window time"
name="protection. wifidow size"

name="num of\N&yer for LAFEC"

name="fec eode id for repair flow

anyAttribute namgspace="##other"

</xs:element>
<xs:any namespace="#ffother" processContents="skip"/>
</xs:sequence>

<xXs:
<xs
<xs:
<xs
<xXs:
<xs:
<xs:

<xg:

</%xs el

attribute
attribute
attribute

PR N
ot TEToTT

attribute

rattribute

attribute

rattribute

attribute
attribute
attribute

namez) fec flow id" type="xs:integer"/>
name="source flow_ id" type="xs:integer"/>
pame="packet ids" type="ListT" />
name="fec coding structure" type="xs:integ
name="ssbg mode" type="xs:integer"/>
name="ffsrpts flag" type="xs:boolean"/>
name="length of repair symbol"

anyAttribute namespace="##other" processContents="sK
</xs:memplexType>

ement>

</xss3equence>

</xs:complexType>
</xs:element>
<xs:element name="HRBM message">
<xstromplexType>
<xXS:

name="max buffer size" type="xs:integer"/>
name="fixed end to _end delay" type="xs:integer"/>
name="max_ transmission delay" type="xs:integer"/>

[T aVali] 1]
prw—y T

er" />

ip"/>

i1} n L bl i1}

+
Tt oY Y S —eoT

=

<xXS:

minOccurs="0"/>
<xs

<xXS:
<xXs:
<xS:
<xS:

<xS:
rattribute
<xs:
<xs:
<xS:

<xSs

attribute

rattribute

attribute
attribute
attribute
attribute

attribute
attribute

attribute
attribute
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name:"MPU:sequeHce_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"/>

181


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

ISO/IEC 23008-1:2023(E)

<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>
s-choice
<xs:attribute name="message id" type="xs:integer"/>
<xs:attribute name="version" type="xs:integer"/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
<fxs:complexType>
</xslelement>
<xs:fpomplexType name="Table">
<ks:attribute name="table id" type="xs:integer"/>
<ks:attribute name="version" type="xs:integer"/>
<ks:anyAttribute namespace="##other" processContents="skip"/>
</xsf complexType>

<xs:pomplexType name="PAT">
ks :complexContent>
<xs:extension base="Table">
<xs:sequence>
<xs:element name="location" maxOccurs="unbourded">
<xs:complexType>
<xs:sequence>
<xs:element name="MMT general IQcation_ info" type="MMT general
locatioh info type" maxOccurs="2"/>
<xs:any namespace="##other"(processContents="skip"/>
</xs:sequence>
<xs:attribute name="alternative location flag" type="xs:boolean"/>
<xs:attribute name="signagll'ing information table id"

A

type="xp:integer"/>
<xs:attribute name="sdgnalling information table version"
type="xp:integer"/>
<xs:anyAttribute, mamespace="4##other" processContents="skip"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:extension>
<fxs:complexContent>
</xsf complexType>
<xs:fomplexType name="MMT general location info type">
ks :choice>
<xs:element hame="asset">
<xs:complexType>
<xshattribute name="packet id" type="xs:integer"/>
</xsi\¢omplexType>
</xs:elgment>
<xscelement name="flow">
Lxs:complexType>
<xs:attribute name="ipv4 src_ addr" type="xs:string"/>

A

P N L1 Y Alaall 4 i1} PR i1}
SO T TtEToTT ot TPV T oot aocot Y O ST TS

<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"/>
s:attribiute name="ipv6 dst addr" type="xs:string"
<xs:attribute name="dst port" type="xs:integer"/>
<xs:attribute name="MPEG 2 PID" type="xs:integer"/>
<xs:anyAttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element>
</xs:choice>
</xs:complexType>

<xs: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 baSe="xs:string">
<xs:attriblfe"’ name="mime type" type="xs:string"|/>
</xs:extension>
</xs:simpleCantent>
</xs:complexType>
</xs:element>
<xs:any namespate="##other" processContents="skip"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:any namespace="##other" processContents="skip"/>
</xs:sequence>
</xs:extension>
</xs:complexContentX
</xs:complexType>

<xs:complexType name="MPT">
<xs:complexEOhtent>
<xs:exteqlsion base="Table">

<Xs}sequence>
<xs:element name="asset" type="AssetT"/>
<xs:element name="descriptor" type="DescriptorT"/>
<xs:any namespace="##other" processContents="skip"/>

</xs:sequence>

<xs:attribute name="MP table mode" type="xs:integer"/>

<xs:attribute name="MMT package id" type="xs:string"/>

</xs: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="#f#other" processContents="skip"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
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<xs:complexType name="DCIT">
<xs:complexContent>

<xs: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"

type="xs:integer"/>

type="x

type="x

type="x

process

type="x
type="x
type="x

process

process

</xs

<xs:

s-attribute name="video maximum bitrate"
5:integer"/>
<xs:attribute name="horizontal resolution"
5:integer"/>
<xs:attribute name="vertical resolution" type="xs:ipteger"/
<xs:attribute name="temporal resolution"” type="xs:integer"/
<xs:attribute name="video minimum buffer size"
5:integer"/>
<xs:anyAttribute namespace="##other"
Contents="skip"/>
</xs:complexType>
</xs:element>
<xs:element name="audio">
<xs:complexType>
<xs:attribute name="audio average¢bitrate"
5:integer"/>
<xs:attribute name="audio maxifmwum bitrate"
5:integer"/>
<xs:attribute name="audio_ fafnimum buffer size"
5:integer"/>
<xs:anyAttribute namespace="##other"
Contents="skip"/>
</xs:complexType>
</xs:element>
<xs:element name="down2oad">
<xs:complexType>
<xs:attributeyname="required storage" type="xs:integer"/>
<xs:anyAttripoute namespace="##other"
Contents="skip"/>
</xs:complexType>
</xs:element>
</xs:choicex
<xs:attribllte name="mime type" type="xs:string"/>
<xs:anyAbttribute namespace="##other" processContents="skip"/>
</xs:complexType>
</xs:element)
<xs:any qrdmespace="##other" processContents="skip"/>
</xs:sequénge>
</xs:extension>
xs:complexX@ontent>
L complexType>

tomplexlype name="AssetT">
<xs:sequence>
<xs:element name="asset clock relation">

1 nnl
STEOMPTERTYP
<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

location info type"/>

184

<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>
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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>
sccomplexContent
</xs:complexType>

<xs: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:dateTifng"“/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:simpleType name="ListT">
<xs:list itemType="xs:integer"/>
</xs:simpleType>

<xs:complexType name="asset id T">
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="asset id schem&™Jtype="xs:string"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>

<xs:complexType name="Identifier mapping">
<xs:choice>
<xs:element name="asset idW type="asset id T"/>
<xs:element name="URL" gtype="xs:anyURI"/>
<xs:element name="ReghEx!" type="xs:string"/>
<xs:element name="RepresentationId" type="xs:string"/>
</xs:choice>
<xs:attribute namg=%Pdentifier type" type="xs:integer" use="optional"” defaultfF"0"/>
<xs:anyAttribute~hamespace="##other" processContents="skip"/>
</xs:complexType>
/xs:schema>
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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

Require d p;] rameters: none

Optiona| parameters: none

[Ongoing work related to this registration may introduce new optional parameters.]

Encodinfg considerations:

Security

[Therei

Interope
the XML

Publishg

considerations: None

d document: ISO/IEC 23008-1.

Applications which use this media type: Multimedia

Files are XML formatted with UTF-8 encoding

5 currently no provision for signing or authentication of MMT signallinigumessage.]

rability considerations: The MPEG organization has defined the;spetification, which defines
schema to enable validation of the MMT signalling message filés.

Additional information: None

Magic nfimber (s): None

File extgnsion(s): .xmhand .msm may both be used.

Person gnd e-mail address toeontact for further information:

Intended usage: COMMON

Change fontroller: MPEG
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Annex C
(normative)

Application layer forward error correction (AL-FEC) framework

for MMT

.1 General

ayload IDs. Then, the repair symbols are delivered by MMT protocol with the/ MM TP packets.

utlined architecture is depicted in Figure C.1.

he MMT sending entity determines the Assets within Packages which require protection
nsists of MMTP packets carrying one or more Assets. The FEC source flow and its FEC confi

ipformation are passed to the MMT FEC scheme for protection. The MMT FEC scheme uses FE
tp generate repair symbols composing one or more FECrtepair flows. They are passed to MMT

MTP packets.

he MMT FEC scheme divides the FEC\source flow into source packet blocks and generate
sfymbol blocks. The MMT FEC schem€ then passes source symbol blocks to the FEC code

re described in ISO/IEC 23008-10.

|

he MMT FEC scheme can’be operated in two different modes. FEC payload ID mode 0, which i

o8]

MT provides an AL-FEC mechanism for reliable delivery in IP network environments. The MMT FEC
scheme is described as a building block of the delivery function. After packetizationy MMTP padkets are
assed to the MMT FEC scheme for protection. The MMT FEC scheme returns.fépair symbols yith FEC

The FEC

nfiguration information provides the identification of FEC encoded flow; the information dpecified
EC coding structure and FEC code. It is delivered to the MMT receiving éntity for FEC operatlion. The

and the

umber of FEC source flows. One or more of the Assets are protected as a single FEC source floy, which

buration
L code(s)
protocol

long with FEC payload IDs. Then, the MMT proteeol delivers FEC source and repair packets to the
MT receiving entity. At the MMT receiving entity, the MMT protocol passes the FEC source flow and
its associated FEC repair flow(s) to MMT FEC.scheme. Then, the MMT FEC scheme returns rgcovered

5 source
for FEC

coding. Here, FEC encoding means the process to generate repairs symbols from the sourcg symbol
lock. FEC code algorithms, which may be used to generate repairs symbols from source symbjol block,

s adding

source FEC payload {D'to the MMTP packet, and FEC payload ID mode 1, which does not modify MMTP
fdackets. C.3 to C.5.describe the details for FEC payload ID mode 0 and C.6 for FEC payload ID mjode 1.
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