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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 liadison with ISO and IEC also take pnart
=] 5 5 Y U g

work. In the field of information technology, ISO and IEC have established a joint technical comim
ISO/IEC]TC 1.

The procedures used to develop this document and those intended for its further maintenang
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria neede

n the
ittee,

e are
d for

the different types of document should be noted. This document was drafted in-accordance with the

editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this dotdment may be the st
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such p
rights. Details of any patent rights identified during the development‘of the document will be j
Introduction and/or on the ISO list of patent declarations received (see'Wwww.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and dog
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific term
expressions related to conformity assessment, as wéll as information about ISO's adherence t
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the folld
URL: www.iso.org/iso/foreword.html.

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

This second edition cancels and replaces the first edition (ISO/IEC/TR 23008-13:2015), which hag
technically revised.

The main changes compared t0 the previous edition are as follows:

— areas on MMT deployaient case in Japan and conversion between MMTP and MPEG-2 TS st
have been improved by adding new guidelines.

Alist of all parts in(thé ISO/IEC 23008 series can be found on the ISO website.
This corrected-version of ISO/IEC TR 23008-13:2017 incorporates the following corrections:

— headers have been corrected and now read “ISO/IEC TR” instead of “ISO/TR”.
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Introduction

This document provides guidelines for implementation and deployment of multimedia systems based
on the ISO/IEC 23008 series. These guidelines include the following:

— guidelines on usage of MMT functions;

— guidelines on deployment use cases designed based on ISO/IEC 23008-1.

vi © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=e3702c9710ae1f25099d4e1a236223cd

TECHNICAL REPORT ISO/IEC TR 23008-13:2017(E)

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

Part 13:

MPEG media transport implementation guidelines

1 Scope

This document provides technical guidelines for implementing and deploying\systems basg
ISO/IEC 23008-1.

2 Normative references

d on

The following documents are referred to in the text in such a way that some or all of their cgntent

constitutes requirements of this document. For dated referencés;“only the edition cited applie
undated references, the latest edition of the referenced document (including any amendments) ap

ISO/IEC 23008-1:2014, Information technology — High{ efficiency coding and media delive
heterogeneous environments — Part 1: MPEG media transport (MMT)

3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the terins, definitions, symbols and abbreviated terms giv
ISO/IEC 23008-1 apply.

ISO and [EC maintain terminologicaldatabases for use in standardization at the following address

— IEC Electropedia: available.athttp: //www.electropedia.org/

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

4 Overview

4.1 System‘oyverview

This clausgldescribes the exemplary but typical system overview of MPEG Media Transport (MM
showndn Figure 1.

Thednedia origin provides A/V media or generic files to MMT sending entity in the form of Packag

5. For
plies.

'y in

en in

es:

T) as

res or
ation

Assets which are defined in ISO/IEC 23008-1. A Package is comprised of Assets, Presentation Inform

10 yall . - AmY ] . 1l A . N Wantad - £l
dlIU TTdIISPAIrTIit UIIdIdCLETISUILS, CLC. TI1y SICdlly, dIl ASSCL 1S d g1T0OUpD O MI'US O gCIICTIC TTICS.

The MMT sending entity fragments MPU/generic files and generates MMTP packets to deliver A/V
media data itself. Concurrently, it also generates signalling message for the successful delivery and

presentation of A/V media included on that MMTP packet flow.

© ISO/IEC 2017 - All rights reserved
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Media Origin

Figure 1 — Example of MMT-based media distribution chain

S
The MMT Aware Network Element (MANE) may be any network element, such as Iﬁ/ﬁ@l caches and
routdrs, that are aware of MMTP and has augmented functions for its own purp&ie to utilize tools
from|MMT.

Then| MMTP packets can be transmitted through either or both of broadcaqg}‘lannel and broadband
channel at its own environment and scenarios. O\\

The (I information provides presentation information, such as the lo a@n of media objects, as well as
iming and relation of the media objects that MMT receiving entity has to follow. This information
is provided by MMT sending entity and also pushes related M%QP packet flow to the MMT receiving

entity. It means It fully controls the media streaming sessi .e. it manages the on-time delivery,
playback and temporal/spatial presentation information of.& media.
QO
4.2 [Normative parts %
b O

ISO/IEC 23008-1 specifies a set of tools to engl&;&advanced media transport and delivery services.
Figunle 2 depicts the end-to-end architecturevand illustrates the different functional tools and
their| relationships. Moreover, it shows  interfaces between existing protocols and standards
definpd by ISO/IEC 23008-1 and those defined in other specifications. The tools spread over three
diffeent functional areas, Media Pros’g&?lng Unit (MPU) format, delivery and signalling, defined in
ISO/IEC 23008-1 as follows. @)

he Media Processing Uni U) defines the logical structure of media content format of the data
nits to be processed by MT entity and their instantiation with ISO Base Media File Format as
specified in ISO/IEC 16 -12.

he delivery funetioh defines an application layer transport protocol and a payload format.
he MMTP tr rt protocol provides enhanced features for delivery of multimedia data, e.g.
ultiplexin support of mixed use of streaming and download delivery in a single packet flow.
he payl ormat is defined to enable the carriage of encoded media data which is agnostic to
edia and encoding methods.

%‘ alling function defines formats of signalling messages to manage delivery and consumption
diadata

2 © ISO/IEC 2017 - All rights reserved
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Figure 2 — MMT ful\g{g ns deployment

b

- . Referenced at ISO/IEC 23008-1

Other aspects, such as client implementation
defined as normative parts of the I[SO/IEC 2&9 -1.

5 MMT function deployment$
S
5.1 General C)\\

This clause gives implem
provided by MMT sta
best use of the specdg‘ ion for the basic topics such as, but not limited to the following:

ﬁﬁa consumption;
aQ@ptation;

g%delivery;
R ror recovery.
9

— low delay

medi

media reconstruction and presentation itself, aj

%ﬂt’ion guidelines on general MMT deployment based on basic functionz
itself. This subclause intends, in particular, to guide implementers to

e not

lities
make

5.2 OUbjectreconstruction

5.2.1 General

MMTP is designed to deliver object flows that may be multiplexed together in the same MMTP flow.
The objects of an object flow are usually related to each other, meaning that the application is likely to
consume all objects of an object flow, if the flow or one of its objects is of interest to that application.

Depending on the delivery mode, the recovery of the object may differ. The GFD mode usually requires
that the full object is recovered prior to its delivery to the application. However, the application may
request that correctly received contiguous byte ranges of the object are forwarded to the application.

© ISO/IEC 2017 - All rights reserved
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The MPU mode is used to deliver MPUs and usually operates on movie fragments. Alternatively, the
application may request that each received MFU is forwarded to the application without additional
delay. It may also require that the complete MPU be reconstructed prior to forwarding it to the
application.

5.2.2 Recovery in MPU mode

When operating in the MPU mode, the object flow consists of MPUs of the same asset. Each MPU is a
singl¢gobjectimtie object flowamnd strares the same packet_1d as att MPUsof the samme asset:

The NIMT receiving entity performs the following steps.

a)
b)

‘)
d)

f)

g)

Receive MMTP packet.

[an)

heck if packet_id is equal to the packet_id of the object flow of interest, discard packetand go to
tep a) if it does not belong to an object flow of interest.

(%)

lory

ssert that type of the MMTP packet is MPU.

Yt

F fragmentation flags are set (different than “00”)

1) iffragmentation flagis equal to “11”, attempt to recover packet anduif successful go to step f), or

I\

) add packet to the list of packet fragments based on the MMTP seguence number and go to step a).

If Aggregation flag A is set, extract all aggregated data units and proceed to step g) for each
elxtracted data unit.

If object map with the same MPU_sequence_number does not exist, create a new object map for the
MPU with that sequence number.

(heck fragment type (FT) of the MPU payload header.
1) IfFTis MPU metadata
i) Checkif MPU metadata is already received.
[) Ifyes, discard the MPUmetadata as being a duplicate, or
I[I) insert MPU metadata at the beginning of the object map
— optionally, forward MPU metadata to application.
ii) Go to stepd)-
2) IfFTis Fragmeént metadata
i) Checkif movie fragment with the same movie_fragment_sequence_number already exists.

}) Ifno, create a placeholder for the movie fragment in the object map, or

1) checkif Fragment metadata has already been received.

— Ifyes, discard fragment metadata as being a duplicate,
— otherwise, insert fragment metadata at the beginning of the fragment placeholder.
II1) Go to step a).

3) IfFTis MFU

i) If fragment placeholder with sequence number movie_fragment_sequence_number does
not exist in the object map of the MPU with sequence number MPU_sequence_number, then
create movie fragment placeholder in the object map of the MPU.

© ISO/IEC 2017 - All rights reserved
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ii) Iftimed metadata flag is set

[) insert payload in the fragment placeholder in the correct order based on the sample_

number and offset values;
II) checkif movie fragment is complete, and

— ifyes, forward fragment to the application.

Hth—Gotostepar:
iii) If timed metadata flag is not set
[) insertpayload in the item in the object map based on the item item_ID;

II) recover item information from MPU metadata for the recovered item’and forwart
item to the application, and

I11) go to step a).

The sender may send the movie fragment out of order, i.e. sending the movie fragment header
sending all the media units that are contained in that movie fragments At the receiver side, stej
ensures that the movie fragment is recovered appropriately by reondering the received data usir
MPU_sequence_number and the movie_fragment_sequence_number. This is necessary if the re
is operating in the Fragment mode or MPU mode, where only.complete movie fragments or conj
MPUs are forwarded to the application. When operating in the very low delay mode, the receive

d the

after

g.3.
g the
eiver
plete
I will

forward every single MFU to the application. In this casé, it'has to make sure that the content supjports

this operation, so that MFUs will be self-describing and'Self-contained. In particular, the receiver s

hould

be able to recover the presentation timestamp of thatMFU payload using the sample number, fraginent_

sequence_number and MPU_sequence_number,

For fragments and items that cannot be recavered correctly by the time the fixed end to end de
delay passes, error concealment is performed on the movie fragment or the partially recovered ite

5.2.3 Recovery in GFD mode

When operating in the GFD mede;the object flow consists of a set of related files. The files of the
object flow share the same packet_id. The application forwards each recovered file or contiguous

range of a file to the application. The receiver creates an object map to recover each file separately.

The operation of the MMTP receiver is as follows.
a) Receive MMTP,packet.

b) Check if{packet_id is equal to the packet_id of the object flow of interest, discard packet and
step a)dfit does not belong to an object flow of interest

c) Assertthattype of the MMTP packet is GFD.

d)\ 'If object map with same TOI does not exist, create new object map for the file with that TOI.

ivery
m.

same
byte

go to

e) Insertpayload in the correct place in the object map using the start_offset information.

f) It is recommended that chunks of contiguous byte ranges that lie between two MMTP packets
with the RAP flag R set to 1 be forwarded to the application. Applications may choose to forward

sufficiently large contiguous byte ranges whenever they are recovered correctly.
g) If complete TOI is recovered
1) extract metadata from the transport object or from the GFD table, and

2) forward file to the application.
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5.3

Default assets

In order to cater for basic receivers with limited processing capabilities and also to facilitate fast channel
tune-in, an alternative and simple way for service consumption has been devised that can function
without the need for more advanced and highly demanding presentation information solutions (such as
HTML 5). It is of course not possible to achieve the same level of service complexity and richness with
the basic solution, but it enables receivers to quickly tune in to the channel and, if needed, to completely

avoid

processing the complex presentation information.

MMT
them
comp

An M
infor
packa3
by fi1
infor
infor

Each

playh
NTP j

If the

provides the tools to identify default service components and to enable the receiver to consumé
in a synchronized manner by processing the MMT signalling information. Default service
onents are usually the main video stream together with the default audio stream.

MT receiver that wants to achieve fast tune in or wants to bypass processing the presentation
mation checks the MP table for the MMT package of interest and identifies the assetsof-that MMT
ige that are marked as default assets. It then starts receiving and reconstructing the)default assets
st locating the asset using the MMT_general_location_info and looking for the MPU metadata
mation as a starting point for the reconstruction. The MPU header is necessary-as it delivers the
mation about the used media codecs and any applied encryption.

MPU of a default asset provides its presentation time, which can\be”used for synchronized
ack of the media components. This is done using the MPU timestamp.descriptor, which assigns an
blayback timestamp for the MPU with sequence number mpu_sequence_number.

MMT receiver decides later on to consume the presentation’information, it might stop relying on

timinlg information provided in the MP table and use the presertation information instead.

5.4

MMT
with
end ¢
show|

Live
recei
end u

Low-delay live streaming

streaming is based on the MPU concept, which inturn is an ISO-based media file format (ISOBMFF)
certain restrictions. However, the usage of theslISOBMFF may give the impression of high end-to-
elay, which may seem not suitable for livebroadcast. This however, is not true. This subclause
5 how low-delay live streaming may be performed using MMT.

ftreaming requires real-time media-encoding and transmission of the encoded media to a set of
Uers. In such scenarios, end-to-end-delay has a significant impact on the perceived quality by the
ser.
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Media Media
Processing/ Formatting/
Encryption Packetization

Media

Encoding

Internetor

Broadcast

Figure 3 — Example of a broadci cenario
)

After media encoding and any other related processin%@% as encryption), the media data is form
according to the transmission protocol in use and t ackets are then sent down to the receive
shown in Figure 3. In the case of MMT, MMTP is the transport protocol used for media streaming. M
operates on MPUs in the MPU mode, which is the most appropriate mode for streaming. Theoret
MPU should be completed to start packetizing@d send to the client. However, in real implement
there are ways to further optimize generation of MPU and packetization of it to minimize del
starting packetization and delivery of MK\ efore completion of generation of MPU.

The MPU mode of MMTP is designed.to operate in a very low-delay mode and without any restrig
on the MPU size. An MPU is str ed progressively as soon as media data becomes availablé

atted
r's as
[MTP
cally,
htion,
hy by

tions
b in a

way similar to RTP streamin h media unit, such as an AVC NAL unit or an AAC audio framne, is

encapsulated into an MMTP paeket that also contains the MPU payload header. The MMTP packet
as shown in Figure 4. @ ‘

looks
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Figure 4 = MMTP packet

n be seen from the packet headeryall fields of the packet can be generated immediately at the
ming server, i.e. no need to delay'the transmission of the media unit. In particular, the fields movie_
bent_sequence_number, the sample_number and the offset of the media unit in that sample are all
a priori for each media unit; even before generation of the complete movie fragment. The priority
ep_counter fields may bé decided based on the encoder configuration parameters. Most of the case,

encoder predefines encoding structure, how many P-frames will be coded between I-frames and how

many
can b

B-frames will be.coded between I- and P-frames, before encoding starts. Therefore, high priority
e assigned for th® NAL Units containing intra-coded macroblocks. dep_counter can be set based

on the coding structure. If multi-path encoding is performed at the encoder, such configuration could

be al
codin
preci

The ]

ered during-actual encoding process to improve encoding quality. However, in that case, actual
g structize is known before the last path which generates final compressed data. Therefore, the
se dependency structure can also be known before encoding of each video frame is completed.

IPU metadata is a data which would need to be sent before transmission of compressed media

data

or low-delay processing at the client. It consists of the ftyp and moov boxes, where the latter does

not contain any media sample tables and serves as the initialization data, which could be known before
encoding is started. Consequently, the MPU metadata may be generated a priori with the knowledge of
the media encoder configuration.

The movie fragment metadata contains the moof box which provides the timing information for
the samples in the movie fragment, as well as their offset. The fragment metadata is constructed
progressively and will be ready at the end of the movie fragment. This information is not required for
the generation and delivery of the media units and will be sent out of order after all the media data of
that movie fragment is transmitted.
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At the receiver side, the receiver may either consume the media data immediately upon reception of a
media unit or it may reconstruct the movie fragment first. In both cases, the overall delay is reduced

down to the duration of a movie fragment or less than that.

The reconstruction of the movie fragment at the receiver side is straightforward. All media data that
belongs to that particular movie fragment (based on the MPU_sequence_number and the movie_

fragment_sequence_number) is first collected progressively to build the mdat box. Finally,

after

receptlon of the movie fragment metadata the fragment can be recovered fully Any missing medla

in conventional broadcast application, delay can be maintained same as.that of conventional broa
application.

MMTP allows for operation at very low end-to-end delay, in a way suitable to and required by se
applications such as live broadcast applications.

5.5 Parallel processing in MMT sending and receiving entities

5.5.1 Processing in MMT sending entity

MMT protocol performs parallel generation of MMTP flows and signalling me
generation/processing. The data packet processing part of MMT protocol performs the packetiz
of the media data using either the MPU mode for MPUs or the GFD mode for generic files. The gene
source data is encapsulated into MMTPR, ‘packets and transmitted to Transport layer. The sign
message generation part of MMTP.processes CI, ADC and other data from the MMT Packag
encapsulates them into signalling miessages and packetizing and passing them to the Transport la
shown in Figure 5.
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Figure 5 — MMT sending entity structure

detailed architecture of data packet processing-part of MMTP is presented in Figure 6. MMTP
ts are stored in separate buffers for each data flow after their processing with the help of data
controller. After that, these MMT packets are passed to the corresponding MMT FEC scheme for
ction. Each MMT FEC scheme returns repair symbols with repair FEC payload IDs and source FEC
ad IDs. After that, the repair symbolsxare packetized into FEC repair packets and passed to the
port layer. The identification of each-FEC encoded flow and specifying of FEC coding structure
EC code are provided by the FEC-configuration information.

ource packets and their FEC configuration information for each data flow are passed to the
sponding MMT FEC schente for protection. The MMT FEC scheme uses FEC code(s) for the repair
ol generation. Then FE(C source and repair packets are delivered to the MMT receiving entity.

Jata flow controllefsyof MMT sending entity may perform both encapsulation and packetization
jons.

10
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Figure 6 — Architecture for AL-FEC (MMT sending entity)

5.5.2 Processing in MMT receiving entity

MMT protocol performs-parallel processing of MMT packet data flows and generation/process
signalling messages. The’data packet processing part of MMT protocol receives MMTP packets
the transport layer~and transfers them into the corresponding data flow processor. Each data
performs recovefing of lost FEC source packets and then passes them for generic object reconstry
and/or MPU réeonstruction, which happen in parallel. The signalling message receiving part of M
processes jneoming signalling message packets and passes them for signalling message reconstru
The reconstruction of generic objects and MPUs from different assets and of signalling messages i
perforfned in parallel as shown in Figure 7.

ng
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Figure 7 — MMT receiving entity structure

MT receiving entity, MMT protocol\passes each FEC source flow and its associated FEC repair
5) to the corresponding MMT FEG.seheme. After passing of flows to the MMT FEC schemes, each
b given schemes returns recovered source MMT packets. MMT packets are stored in separate
's for each data flow and protessed by separate data flow controllers. The outlined architecture is

ted in Figure 8.

Flow controllers of MMT receiving entity unite functions of de-capsulator, de-packetizer and de-jitter.

12
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Figure 8 — Architecture for AL-FEC (MMT receiving entity)

5.6 MPU streaming for live services
5.6.1 MPU packetization

5.6.1.1 MPU fragment building block

In MMT, there'are two kinds of MPU structures: the timed data and the non-timed data. MMTP supjports
streaming\modes, where the streaming mode is optimized for packetized streaming of ISO Base Media
File formadtted files. The MPU mode supports the packetized streaming of an MPU.

Figure 9 depicts an MPU fragment building block for packetized streaming of an MPU. This| MPU
fragment building block helps to prepare for the packetization of an MPU into MMTP packetd. The

farocaca af creatine flﬂn MMTFPR nackatnaccac hu o ctanc. geperatine an MMTFPR Y\axrln'\r‘l and canal ating

ProceosoreT TS TVIT PO T P oot ooyt vV OO te PO 5 TTICT T y oot o e 5 TTIeT

the MMTP packet.

According to the MMT specification, the format of the MMTP payload takes into account the boundaries
of data in the MPU to generate packets using the MPU mode. The MPU metadata delivery data unit
consists of the “ftyp” box, the “mmpu” box, the “moov” box and any other boxes that are applicable to
the whole MPU. The FT field of the MMTP payload carrying a delivery data unit from an MPU metadata
is set to “0x00”. The fragment metadata delivery data unit consists of the “moof” box and the “mdat”
box header (excluding any media data). The FT field of the MM TP payload carrying a delivery data unit
of movie fragment metadata is set to 0x01. The media data, MFUs stored in the “mdat” box of an MPU, is
then split into multiple delivery data units in a media-aware way. This may, for example, be performed
with the help of the MMT hint track. The FT field of the MMTP payload carrying a delivery data unit
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from

an MFU is set to “0x02”. Each MFU is prepended with an MFU header. It is followed by the media

data of the MFU.
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Figure 9 — MPU fragment buildirz l@»ck
2 MMT broadcast sending procedure for low late&c?
QO
21 G 1 %
enera \\g\

When considering the low latency requirement o «k'a\oadcasting services, the broadcasting system may

consi
also

this 1
MMT
deliv

der reducing the delay resulting from bo e transmission and the reception procedure, while
considering the requirements on ran({?}l access to the broadcast channel. In order to support
se case, the MMT receiving entity l{gs o also receive the related presentation information. The
sending entity may also consider&ﬂding the signalling information periodically during the MPU
bry as shown in Figure 10.

Q
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Figure 10 — Periodical signalling information transmission
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5.6.1.2.2 MPU sending procedure

7(E)

In order to reduce the end-to-end latency up to the reconstruction of the MPU, the MMT sending entity
may change the transmission order of fragments comprising one MPU, which means, for example,
transmission of MFUs precede that of fragment metadata. Additionally, for reliable transmission, the
MMT sending entity may send the MPU metadata frequently during the transmission of the related MFUs.

When building the MPU fragment building block, the delivery data unit for fragment can be considered

as the following two cases

fragmentation of data unit in the payload, especially boundary information of delivery dat it. |
the MPU is delivery data unit, the MMT receiving entity prepares the reconstruction U in
delivery layer. The fragmentation indicator indicates that MPU metadata is the fir Bf delivery
unit. The MMT receiving entity can wait to reconstruct the MPU until the fragrr@mdlcator |
indicating the last of it is detected. (bQ

The first case is that the delivery data unit is MPU. Fragmentation indicator contains inforr:@?&

The second case is that the delivery data unit is either of MPU metadata, fé%nent metadata or M

hbout
Vhen
MMT
data
vhich

FU. In

this case, the MMT receiving entity can process the reconstruction of each type of delivery data unit in

MMT delivery layer for fast processing of delivery data and managed r status.
\
5.6.1.2.3 Signalling message sending procedure %O

Whenever an MMT receiving entity wants to present media ézsources in MPUs, it needs to receitv
related signalling messages as soon as possible after joining a broadcast channel.

The channel reception can only be initiated after g &Qg the related Presentation Information (¥I). In

order to minimize the channel switch time as sho possible, the frequency of sending the CI c

per-MPU basis.

However, there can be the time interval bet \1 consecutive MPUs in MMT broadcast, which effec
corresponds to the length of MPU playi $me Usually, signalling messages are much smaller
MPUs. Therefore, the sending time of sighalling messages is trivial compared with that of the MF
means when an MMT receiving entltggandomly accesses the service, it is very highly probable t
will meet the MPU directly ratherthan signalling message. In that case, MMT sending entity can
the signalling message behlnd@étl(/l

In this case, the channel ess instance is initialized as soon as possible.

Broadcast time line )

b0 50 50
%] %] %)
g = g
b0 o0 o0
£ = =
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o0 oo o
w 0] wn

PU to make use of those received MPUs as shown in Figure 11.
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Figure 11 — Signalling message behind the MPU
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5.6.2 Sending of MPU and signalling message

After channel process instance initialization, the media player should be initialized by MPU. Normally,
the first completed MPU can initialize media player because the media player initialization only needs
the head information of MPU.

When the MMT receiving entity randomly access to the broadcast channel, there are two cases.

The first case is that MMT receiving entity access to the channel while a certain MPU transmission is
ongoing and the other case is that the MMT receiving entity access to the channel during time interval\
betwgen consecutive MPUs as shown in Figure 12. N

Q
Casell rbq/

In this case, normally the first MPU received is not complete MPU because the MMT rec Qjﬁg entity
could not receive packets transmitted before it joins the channel. In order to initialize th dia player,
it nedds a complete MPU, therefore it needs to wait for the next one whole MPU dat rrive. In that
case, the expected wait time before media player initialization, AT, can be calculate@ ng Formula (1):

)
\<</C)

o)
\

T1 isthe residual time to finish receiving first MPU since MMT rééeiving entity joins to the channel;

AlF=T1+T2+T3

wher

[¢%]

T2 is the time interval between two consecutive MPUs v@z@ is brought by the length of MPU
playing time; Q
)

T3 is the receiving time of the next first MPU (bec § the signalling message sending time is
very short compared with that of MPU, it may@bt be considered).

N

¥
Access Point
xO
O
X

MPU A @ ‘ MPU B
Packet Packet Packet Packet Packet Packet
0 1 n 0 1 n

\ J \
& I
V T1 T2
_W >
v

Broadcast time line

In this case, the MMT receiving entity can easily find a way to play the first MPU, by using the signalling
message sent right after the MPU, then the wait time of T2 and T3 can be saved.

In MMT protocol, the payloads are generated according to the following description (see Figure 13):
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Figure 13 — MMTP payload generation

In this case, only one moof is included in one MPU. So MMT receiving entity can classify all pack
three categories. The first category belongs to MPU metadata. The second category ngs to frag
metadata and the third one belongs to MFU. MFU is considered as a (sub)sample edia.
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Figure 14 — Randorﬁ\access in the middle of interval (case 2)
xO
Moreover, in this case, it can b%érj‘l‘sured that the MPU metadata and the fragment metadata c
received by terminals with tGQ highest probability. Then the waiting time should be as shoy

Formula (2): @ .
AT=T1 O
O

O.

Case 2 N

In this cas @e first MPU received should be a complete MPU as shown in Figure 14. The total w
time sho&e part of T2 and whole T3. It should be as shown in Formula (3):

T2 +T3

?\
&)

hn be
vn in

(2)

hiting

3

5.7 Fast MMT session acquisition

In multimedia streaming environment, user switches between media which are very huge size

when

they are consuming the contents. In such scenarios, low-delay session acquisition has a significant

impact on the perceived quality by the end user.

MMT streaming is based on the MPU concept as well as other kinds of data (e.g. media data

itself

and signalling messages) being fragmented and multiplexed into a sequence of MMTP packets for

transmission.
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Figure 15 — Structure of MMTP-packet

In the current MMTP packet header, the fields of RAP_flgg (R: 1 bit) and type (6 bits) can be used for fast
sessigpn acquisition as shown in Figure 15.

The RAP_flag indicates that the payload contains’a random access point (RAP) to the data stream of
that data type. The exact semantics of this flag-are defined by the data type itself. The RAP_flag should
be sef to mark data units of MPU Fragment Type value 0 and 1 and for MFUs that contain a sync sample
or a fragment thereof, in the case of timed\media, and for the primary item of non-timed MPUs. RAP can
be MPU metadata, signalling message-or:frames which contain I-frames.

The gype indicates the type of payload data, i.e. MPU, generic object, signalling message. As one more
further step when MMTP packetiincludes MPU data (type=0x00), MMT receiving entity can also find
out whether it has MPU metddata by checking MPU Fragment Type (FT: 4 bits) which is in the payload
head¢r indicating the fragment type as defined in ISO/IEC 23008-1:2014, Table 4.

For fast accessing of the IDR frames after constructing MPU, MMT receiving entity can be processed
to parse “moov” box in the MPU metadata which indicated the presentation time for sample and also
procgssed to getstarting time from MPU_timestamp descriptor or begin time specified in MPEG-CI.

If RAP_flag dissSet to “0”, it means the corresponding MMT packet contains no high priority random
datai Then MMT receiving entity can discard the MMTP packets without RAP_flag set to “1” for
efficipt-buffer management before meeting the RAP_flag set to “1” or processing it depending on its

policy or MM T receivingemntity situatiom:
5.8 Referencing and processing non-timed data

5.8.1 General

MMTP provides a mode for the grouped transmission of non-timed media resources, such as resources
of a website. This mode facilitates the referencing, reception and consumption of media resources that
are closely related. For instance, a receiver that is consuming a website would only need to locate a
single resource and receive it instead of receiving the root resource, wait for the application to parse
it and detect the referenced resources and then request the MMTP receiver to receive them and make
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them available. On the sender side, this removes the necessity of describing every single resource and
its location in the signalling.

5.8.2 Resource grouping and referencing

The MMTP sender is instructed to send a set of related non-timed media resources with a designated
primary resource/entry point. The primary resource is usually the resource that connects all other
resources or that constitutes the entry point for the application. Based on this information, the MMTP

SEMUEr deCides to encapsSulate these Tetated TESOUTTES altd SEmd tIerT togeteT:

The MMTP sender sets the MP table according to the following rules.

— The identifier_type of the identifier_mapping syntax element is set to 0x01.

— The URL_count field is at least equal to 1.

— The first URL in the list should be the URL of the primary resource/entry point.

— It is recommended that only the URL of the primary item is provided in the MP table fqr the
corresponding asset.

— The asset_type is set to “mmpu”.

It then creates the MPU by setting the primary resource as the primary item of the MPU and the
remaining resources as additional items. The sender should sét'all resource metadata, such as URL and
MIME type of the resource as part of the item informationbox.

The presentation information is authored to reference the primary resource.

5.8.3 Receiver handling

Based on the information received as patt of the presentation information, the receiver dg¢tects
a referenced resource. It builds the URL\for that resource and requests the MMTP receiver to make
that resource available. The MMTP receiver checks the MP table to locate the asset that carrie$ that
resource. It finds out that the asset is of type “mmpu” and lists the URL of the requested resouyce. It
then uses the packet_id of that asset to receive and reconstruct the MPU.

Once the MPU that containg the primary resource is reconstructed, the receiver extracts all embg¢dded
resources together with their metadata and makes them available to the application, e.g. through § web
cache. The application-requesting the primary resource will later find all related resources avajlable
and quickly accessiblefrom the cache.

5.9 Media adaptation for quality control in MMTP

5.9.1 _General

This, subclause shows how MMT protocol can transmit media streams adaptively to envirorjment
changes, such as network congestions, while also minimizing the service quality degradation.

5.9.2 Parameters for media adaptation

MMT streaming is to deliver MPUs which is a media file based on [SO-based media file format
(ISOBMFF). To transmit the MPU, it is fragmented and packetized into MM TP packets which have three
different payload fragments, MPU metadata, fragment metadata and MFU.

Each MPU has “ftyp”, “sidx”, “mmpu”, “moov” and “moof” box in MPU metadata. Among them, “mmpu”
box includes asset identifier, MPU information and is_complete parameter indicating whether this MPU
has all MFUs described by the MFU structure or not. The “moov” box contains all codec configuration
information for decoding and presentation of media data and especially MMT hint track providing the
information to convert encapsulated MPU to MMTP payloads and MM TP packets.
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Those MMTP hint track provides two important parameters: priority and dependency_counter. priority
indicates the priority of the MFU relative to other MFUs within a MPU and dependency_counter indicates
the number of MFUs whose decoding is dependent on this MFU.

These two parameters can be utilized to judge the importance of the MFUs in an MPU.

5.9.3 Adaptation operation of MMT entity

Whep-MMT-sendingentity-transmitsmediastreamsto- MM T receivingentity-there-may be-casesthat
MMT|sending entity can intentionally skip some portion of it. For example, MMT sending entity cah
know poor network condition or lack of resources in the MMT receiving entity side through seme
feedhack. Then MMTP packets will be dropped anyway according to network condition by MANE or
other{ network entities if there is no adaptation operation. In streaming service case, omissionof'some
medip may not affect critically to user experience.

MMT]|sending entity can skip transmission of some MFUs to accommodate to network>¢ondition. The
MMT|sending entity needs information to decide which MFUs they need to omit. In that case, priority

and
shou

;Igapendency_counter can provide the priority information between MFUs AMMT sending entity
drop MFUs with the lowest priority and highly independent from other MFUs first by comparing

priority and dependency_counter. For example, MFUs including RAP informatien will have high priority
valugand MFUs corresponding [-frame will have dependency_counter value:

MMT]| sending entity also has to announce to MMT receiving entity-Side that some of MFUs are
intenfionally dropped. If that information is not provided to MMT réceiving entity side, they will wait
for MFUs which are intentionally omitted or try to request againWhen is_complete is set as “0”, MMT
receiying entity should recognize there are more than one missing MFUs and should reconstruct MPU
throygh current MFUs without requesting MFUs in that MPU, For that reason, MMT sending entity has
to set is_complete as “0” to acknowledge that current MPU-has some missing MFUs to MMT receiving
entity side when some MFUs are omitted intentionally,

5.10(Hybrid delivery in MMT

5.10.1 General

This

subclause provides MMT implementation information when MMT Assets are delivered on hybrid

netwprks.

Hybr}d delivery in this subclauses defined as simultaneous delivery of one or more content components
over more than one different types of network. One example is that one media component is delivered
on broadcast channels afid the other media component is delivered on broadband networks. The
other| example is that o€’media component is delivered on broadband networks and the other media
complonent is delivered/on another broadband networks.

5.10.2 Classification of hybrid delivery

The Hasic concept of hybrid delivery is to combine media components on different channels. However, in
practiice, there are several scenarios for hybrid delivery. The classification can be classified as follows.

20

Live and non-live:

— combination of streaming components (see Figure 16);

— combination of streaming component with pre-stored component (see Figure 17);
presentation and decoding:

— combination of components for synchronized presentation (see Figure 16);
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— combination of components for synchronized decoding (see Figure 18);
— same transport schemes and different transport schemes:
— combination of MMT components;

— combination of MMT component with another-format component such as MPEG-2 TS.

NOTE The case in which another-format component is encapsulated into MMT-format is excluded.

Decoder

—— -

|:< Broadcast }:: I :
ﬁ channel

Synchronized
presentation

-l

. Broadband
L
.\\\ networks J:;

_ ﬂ'

Figure 16 — Combination of streaming components for presentation

Decoder

Storage | -

: Synchronized
I) presentation
1

o i
ing d_mikj:g —@

Figure 17 — Combination of streaming component with pre-stored component for present;

Decoder
Fondcast 2l |
\Brdadcast ! !
% channel 1 I

T 1
 Broadband 3) >- L 3@
_networks i T e

Synchronized decoding
Figure 18 — Combination of components for decoding
The so-called seamless switching can be categorized into hybrid delivery of streaming compo
presentatieq:

5.10:3" Technical elements for hybrid delivery

ition

hents
for presentafioni since switching components is possible when both components are synchroniz¢

d for

While many types of information are specified in MMT signalling messages and MMT-P], three ty]

information are mainiy required for nybrid delivery:
— MMT asset information;

NOTE When an MMT component is combined with another-format component, the latter comp
can be neither an asset nor an MPU.

— information on spatial relationships among media components;

— signalling message for media consumption.

© ISO/IEC 2017 - All rights reserved

bes of

onent

21


https://standardsiso.com/api/?name=e3702c9710ae1f25099d4e1a236223cd

ISO/IEC TR 23008-13:2017(E)

5.11 provides detailed information on the implementation of MMT for individual cases categorized
in 5.10.2.

5.11 Example of detailed implementation of MMT

5.11.1 Use case: Combination of MMT and MPEG-2 TS for synchronized presentation

5-11-1 -1 Gcllclal

This pubclause describes the case in which MMT and MPEG-2 TS are used as a transport schemenin
broadband networks and broadcast channels, respectively.

5.11./1.2 MMT asset information

In ordler to identify the type and location of media components of MPEG-2 TS in broadgast channels, the
following signalling messages are required in MMT in broadband networks:

— MMT general location information syntaxin MP table.

This $yntax specifies the address of a media component of MPEG-2 TS in broadcast channels. In the case
of combination with MPEG-2 TS in broadcast channels, MPEG-2 TS location.is used.

A typical example is to identify network id (16 bits assigned~by SDO), MPEG-2 transport
strgam_id (16 bits assigned by the operator) and MPEG-2 PID{43 bits assigned by the operator). By
using these IDs, a media component in broadcast channels can-bejidentified.

5.11.1.3 Information on temporal relationships amorgmedia components

MPEG-2 TS components have timestamps based on«STC. MMT components have timestamps based
on UTC. To synchronize these different types of timestamps in MMT and MPEG-2 TS, Clock Relation
Infornation messages are required.

— (JlockRelation Information message cancatryasetof STC _sampleandNTP timestamp sample
that are identical timing.

At an|MMT compliant receiving entity;the STC based clock in MPEG-2 TS can be converted to the wall
clock]based on UTC by processing:the Clock Relation Information. An MMT component in broadband
netwprks and an MPEG-2 TS component in broadcast channels are presented in synchronized manner
since|both components can share the same time domain as wall clock.

5.11.2 Use case: Truereal-time video streaming over lossy channel

5.11.2.1 General

This |subclause” describes the case in which the client starts replaying video within 150 ms after
requésting@video to the serverlZl. It is assumed that de-jittering delay is zero.

5.11.2.2 Main features

MFU-by-MFU processing: In the server and client, video data is processed MFU by MFU rather than
MPU by MPU. An MPU is not reconstructed in the client. An MFU is replayed before receiving its MPU
fully. In the server, video data is packetized and sent as soon as being parsed as part of MPU. At the
same time, the sent packets are stored in the FEC encoder buffer. There is no bi-directional frame, i.e.
only intra- and predictive frames.

Short FEC period: FEC period is independent of borders of MPU and MFU. It is much shorter than
an MPU period. Number of data symbols, k, is fixed (k = 49 in the implementation) whenever the
number is reached, repair packets are calculated and sent [10 repair packets, (n, k) = (59, 49) in the
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implementation]. When symbol size T is 800 bytes and packet size is 1 500 bytes, repair packets
are sent in every 24 to 25 packets, which is about 100 ms long on average for 3 Mbps video [(49
symbols/FEC) x (1 500 x 8 bits/packet)/(2 symbols/packet)/3 Mbps].

Centralized timing control: In the server and client, timing is controlled by the session object.

In every MFU period, the client session object orders to retrieve an MFU from FEC buffer and decode
and replay it. The client session object orders to flush the receiver socket buffer to the FEC ring buffer
from time to time [in every MFU period (= 33 ms) in the implementation].

5.11.2.3 Ring-buffer in the client

The ring buffer is composed of N FEC associate groups. The number N is determined,irDterms ¢f de-
jittering delay plus some margin in order to prevent buffer overflow. Here, “bufferyoverflow” means
over-writing lately arrived packets on the packets which are not read by the FEC.decoder yet [N|= 50,
in the implementation; N = 50 allows about 5 s de-jittering delay and totdl~buffer size bedomes
2,2 Mbytes = 3 Mbps/(8 bits/byte) x 5 s x (59/49)].

5.11.2.4 FEC/deFEC performance and delay

Code rate is 49/59, which is enough to recover up to 15 % packet loss,'The code rate could be adaptive to
channel condition. Mostly, deFEC is successful at most, k+2 symbols~Theoretical failure rate at k+2 is{10-4.

Since data packets are sent immediately after being stored in the FEC encoder buffer, total delay FEC
encoding and decoding is one associate group period (abeuif 100 ms in the implementation).

Complexity of FEC encoding is very low. Because unlikely as Raptor Q, all the coefficients are stofed in
the coefficient table and calculation in the server isjust to calculate weighted sum of symbols [that is,
a repair packet is calculated by just GF(256) multiplication of a T by k array and k by 1 column vector].
Complexity of FEC decoding is also very low since systematic FEC has been used. If L. symbols ar¢ lost,
then, total calculation includes one L by L inverse matrix calculation and GF(256) multiplication of an L
by L array and an L by T array (T = 800, k=49, L <9, in the implementation).

5.12 HRBM signalling for hybrid delivery

5.12.1 Hybrid delivery from the single MMT sending entity

As shown in Figure 19(the main station is composed of the broadcast tower and at least one ¢f the
broadcast services are_ provided to any broadcasting service using the hybrid delivery.

Broadband
E;c\;?edrcast Server
(BBP PHY) (TCP session)
MMTR packet MMTP packet
1,11 1t
english spanish

Figure 19 — Single station for hybrid delivery
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The consideration of broadcast tower and broadband server is transmitter of MMTP packets to
distribute to the multiple MMT receivers.

The station can send the MMTP packets through the broadcast tower that contain the English audio
streams for major broadcasting channel and can also send the MMTP packets with Spanish audio
streams for secondary audio for the main channel via broadband channel. In this case, the MMT
receiver, the broadcasting tower and the broadcast server, through the news program about the English
and Spanish audio by selecting the alternative, may be received.

In the case above, those MMTP packets are composed of each MPU that has same presentation time for
rendgring and sending the same time to leave from the station with same timestamp of MMTP paceket
headgr. Those MMT sending entities are synchronized based on UTC.

In MMT, the MMT receiving entity consists of the multiple HRBM buffers as shown in Figure 20.

tl t1+x | AL-FEC tl+x+y | De-jitter tl+x+\Fz |
|

buffer

broadcast

t1 |——[ ti+a | t1+a+0oPeitter tl+a+b+c
*ta | AL-FEC |: - |

broadband

Figure 20 —HRBM buffers

Each|HRBM has AL-FEC decoding buffer and-de-jitter buffer. The AL-FEC decoding buffer is used for
recoyering from the loss of MMTP packets in the network and de-jittering buffer removes the jitter of
MMTP packets from the network. The goal of HRMB structure is to provide the constant delay of the
delivéry system of the MMT receiving entity for synchronized play-out of the media data.

Howgver, the MMTP packets lose and jitter of the MMTP packets depends on their delivery channel
conditions. In this example, x\is'the delay of the network, y is the time for AL-FEC processing and z is the
time fhat the MMTP packetremains in the de-jittering buffer in broadcasting channel. The broadband
channel also has lost their MMTP packet, different arrival time of MMTP packets and corresponding to
de-jittering buffer time‘in broadband channel.

For synchronized-play-out of the media in hybrid delivery, the value of t1 + x + y + z need to be equal to
tl+4+b+c:

The MMT "Asset corresponding to the content set by each component, the play out delay (D), is
deterjminied by the value of the MMT sending entity via a signalling message to the MMT receiver. For

example, the value of play out delay is transmission network delay incurred by the characteristics of
the maximum value and AL-FEC protection window time and may be calculated using Formula (4):

D = max (x1, X2, x3, ...) + AL-FEC protection window time 4)

Here, x1, x2, x3 are the nature of the transmission network delay including the propagation delay
specified from max_transmission_delay in HRBM message. AL-FEC protection window time has occured
when the AL-FEC decoding processing is performed on the window interval (i.e. AL-FEC protection
window time of AL-FEC encoding and decoding unit performs the FEC packets corresponding to the
block is the first of the packet including the transmission time of the packet being sent and the FEC
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packets of a packet block containing). Finally, a transmitted MMTP packet including the AL-FEC and

transmission delay time is defined as the maximum value.

The “fixed end-to-end delay” is specified the maximum value in HRBM signalling message for t
delivery network via multiple delivery paths to the MMT receiver for MMT receiving packets

he hybrid
from the

MMT sending entity within the same service corresponds to the MMT receiver’s output timing.

5.12.2 Hybrid delivery from the multiple MMT sending entities

Figure 21 illustrates the multiple stations used for the MMT services. Station 1 is compos
broadcast tower and station 2 has at least one of the broadcast servers provided to any b

service using the hybrid delivery. (b i
N
Broadband’
Broadcast 6
Tower ServeQ

(BBP PHY) (TQ'IibeSSiO”)

english

Station 1

x+y+z != a+b+c, t2+~é\g6+c =tl+x+y+z where x!= a, y!= b, z!=c
xO
N~
Figuts’\igf — Multiple stations for hybrid delivery

?(Lf the
cgdsting

This is also considered oadcast tower. The broadband server is the transmitter of MM TP packets

to distribute to the m le MMT receivers.

In this case, the Qg@fltation time of the MMTP packet is the same, but the sending of the MMTP placket
N\

is different. GJ
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(] — (] AUFEC | (e ] Dot [“iimyes |
urrer

broadcast

[©2 | ——t2+a | AL-FEC [t2+a+b | Dejitter | 2+a+b+c |

buffer
broadband

X+y+z = a+b+c, t2+a+b+c =tl+x+y+z where x!= a, y!= b/(zl=c
t1l for broadcast = time when the MMTP packet leaves MNP layer
t2 for broadband = time when the MMTP packet leaves MMTP layer

Figure 22 — Multiple HRBM buiffers

The ‘ffixed_end_to_end_delay” is predefined the time to consider in delay including propagation delay
time petween the MMT sending entity and the MMT receiving entity. The “fixed_end_to_end_delay” is
calculated by the summation of the “max_transmissionxdelay” and “FEC_protection_window_time”.

The HRBM message as described above is based opthe structure of the first use case in this contribution
accor{ding to the maximum transmission delay, which is a defined value for each of the MMT receiving
entity to de-jitter buffer. The play-out of the.time can be adjusted. See Formula (5):

T| de_jitter_out_time = ts + alpha (5)

Here/ts is the timestamp of the«eceived MMTP packet in MMT receiver. Wherein the timestamp can
be calculated by the MMTP packet sending timing for transmission delay. Then, “fixed_end_to_end_
delayl” can be defined as a value in HRBM message. Based on ts and alpha, which is calculated by max_
trangmission_delay corresponding to network B, in this case, alpha is corresponding to the fixed_end_
to_enld_delay. MMT reeeiving entity can control their playout time for synchronization.

In th¢ above exaniple, the delay of transmission A is relatively small than B. The MMT sending entity
sendg to the initial setting in broadcasting channel and MMT receiving entity can analyse that the
netwprk transmission delays and jitter in the transmission network B is larger than A. Here, the
“max| transmission_delay” as specified in HRBM message by the service provider corresponds to
ansmission characteristic of B in the hybrid delivery network. The HRBM message may be sent

Consequently, de-jitter buffer of A and the de-jitter buffer of B, respectively, according to the fixed end-
to-end delay specified in HRBM signalling message need to specified with max_transmission_delay can
be controlled the play out time which has the same value between the final output (P: ‘t1 + x + y + z) of
de-jitter buffer of A, and the final output (Q: ‘t2 + a + b + ¢) of de-jitter buffer of B. See Figure 22.
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5.13 Error resilience in MMT protocol

MMTP is optimized for the delivery of MPUs, which are ISOBMFF files. The delivery of the MPU is
performed movie fragment by movie fragment, thus enabling fast start-up delays and fast access to the
content. MMTP defines three different payload fragments for error resilience purpose.

— The MPU metadata: This information contains the metadata of the ISOBMFF file and the MPU. The

MPU metadata thus contains all codec configuration information and is crucial for the consumption
only
ed it

possible to recover from loss of fragment metadata and it is also possibleto send it out of orde}. The
sender may deliver the fragment metadata repeatedly and interleaved with the packets that cgntain
the media samples of that fragment to increase the probability of Cetrect reception and to enable
random access inside a movie fragment.

— The MFU: An MFU contains a media unit from a sample of\a-particular movie fragment. The MFU
also provides enough information such as the sample mumber, the fragment sequence number
and the position inside the media sample to positiofi‘the media unit on the timeline and inside
the “mdat” box. It may also contain information abeut the importance of that media unit fgr the
decoding process. Based on that information, the.sender, as well as intermediate MMT entitieq, may
undertake appropriate steps to enhance errorresilience respective to the priority and imporfance
of the media unit. A media unit from a SAP ds, for instance, more important than a media upit for
which there are no dependencies.

One of MMTP’s advantages is its ability tdcenable error robustness at the receiver side by enablirjg the
client to recover from packet losses and still generate a compliant MPU when needed.

When the MPU metadata is lost, theclient should keep any correctly received data from that MPU| until
a new copy of the MPU metadata\is correctly received.

When a fragment metadatais lost, the client should use the information from previous fragments about
the sample durations to/cerrectly reconstruct the lost “moof” box. It uses information from the regeived
MFUs to recover the movie fragment segment number. The offsets of the media data may be recoyered
later using the staxt of a fragment as the baseline and the sample number and MFU sizes to recongtruct
the “mdat” box aswell.

When an MEU is lost, the loss can be discovered at the receiver based on the gap in the seqyience
numbersi-The missing MFU is replaced by a null value array in the “mdat” box, if at least one MFU pf the
same media sample has been received correctly. If the complete sample is lost, the space occupied by
that media sample may be removed completely and the information in the containing chunk, the “trun”,
should be edited appropriately to adjust the sample duration of the previous sample and the sgmple

offsets of the following samples. Figure 23 shows an example of such processing.
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Figure 23 — Fragment recovery after packet loss

5.14|Delay-constrained ARQ

5.14.1 General

This $ubclause provides methods on how to recover lost packets under delay-constrained environment
throygh ARQ. Delay constraints can be considered both in delivery-time basis and arrival-deadline basis.

5.14.2 Delivery-time constrained ARQ

MMT| employs ARQ mechanism as an error-cohtrol technique for recovery of packets which is lost
during MMTP packet delivery. When MMT receiving entity detects lost MMTP packets, it can request
retrahsmission of those packets.

In timed media application cases, retransmitted packets which cannot arrive before play-out of media
will be useless because they canhot be utilized for timely media recovery. The arrival_deadline is
suggésted as the maximum tolerable latency for the requested packets in AF message. However, fixed_
end_tp_end_delay in a HRBM message which the MMT sending entity already knows can be used by the
server to decide whether-théy will retransmit requested packets to MMT receiving entity or not.

HRBM is used to ensure effective MMT operation under a fixed end-to-end delay and limit memory
requirements for buffering of incoming MMTP packets. Especially, in de-jitter buffering phase of HRBM,
MMT]|receiving entity should remove MMTP packets that experience a transmission delay larger than
the fiked_end\to’ end_delay or max_transmission_delay. It means MMTP packets will be discarded before
it is passed:to decapsulation phase into MPU or MFU, if it experiences more than that delay.

When MMT sending entity receives AF message requesting the lost packets, it should decide whether it

will retransmit the requested packets or not based on fixed_end_to_end_delay in HRBM. To do that, it can
use the most updated propagation_delay value included in the AF message and calculate the expected
delivery time of the MMT packets from MMT receiving entity to MMT sending entity by subtracting
timestamp in packet header from the NTP time at arrival instant of the AF message.

When retransmitted packets are expected to arrive at MMT receiving entity eventually within fixed_
end_to_end_delay since it is the very first original transmission, it will decide to transmit the requested
packet, otherwise, it will give up to retransmit it.
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5.14.3 Arrival-deadline constrained ARQ

5.14.3.1 Basic operation of the arrival-deadline constrained ARQ

Figure 24 shows the basic operation of the arrival-deadline constrained ARQ. In Figure 24, arrival
deadline denotes the maximum tolerable latency for the requested retransmission packet to arrive at
the receiver. If the retransmitted packet arrives later than arrival deadline, even if the packet arrives in
tact, itis regarded as useless and discarded.

Sender Receiver

Packet N-1

\ Packet N lost

A
S .
S QA
§ S Packet N+1
KA\ ~
8 = ARQ feedba¢k
<< timestamp: Thrq
ARQ feedback - >
for Packet N Q- -
e I ~ q:_)
T =
= =Ll g
Retransmitted a ? o
Packet N = g
E
(9]

Retransmission
delay: D,

Figure 24 — Operation of the arrival-deadline constrained ARQ

Based on the above analysis, when the recejver detects the loss of packet, the receiver sendqd ARQ

feedback to the sender and then the sender performs the following arrival-deadline constrained
retransmission decision:

If (RTT < arrival_deadline)
Sender retransmits the requested lost packet to the receiver;
Else
Sender decides not to transmit the requested lost packet to the receiver.

In Figure 24, the round-trip time (RTT) can be obtained a priori at the sender side by using the reception
quality feedback (RQF) message. For more accurate estimation of the RTT, up-to-date ARQ feedback
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delay (Dy) value can be informed to the sender by enclosing ARQ feedback timestamp (T4rq) into the
ARQ feedback message. Using the ARQ feedback timestamp, T4r(, the sender can obtain up-to-date ARQ
feedback delay (Dg). And this updated Dfvalue can be used to compute up-to-date RTT.

5.14.3.2 Example of calculating arrival-deadline

There can be various ways to calculate arrival deadline depending on the service scenarios and
preference of the service provider. This subclause shows one way to do that. The arrival_deadline can

be obtaimed = D ] o
receiyer buffer when the ARQ feedback message is prepared for sending.
calcujating the arrival_deadline value at the receiver.

(1) Lost packet

210 a ayel2I AV, Oc DV O (0 C D a a D OUT O I\A Ve D rga a

detected
A~
S s 5|8 5

Y a a a =
5 % >~ ~ I =
= ('D {"_DP {"_DP '('_Dr ----- (.D
z | = -
+ Z -Z .Z .Z =
[y - N w

N J

(2) Amount of data safely stored
in the receiver huffet : D, bits

(3) Average bitrate of theMMTP
packet stream : B, hits/second

(4) Arrival deadline for the lost packet N:
T«5Ds/ Bayg (seconds)

Figure 25 — Example of calculating arrival_deadline at the receiver

After|detecting packetloss,thelamount of data safely stored in the receiver buffer, Ds, is obtained. If some
packets before the currentlost packet N were also lost, D can be calculated considering the successive
packgts that are safely reéceived prior to and following the previous lost packet from an affirmative
point] of view. Then{ by using the average bitrate of the MMTP packet stream, arrival deadline for the
lost packet N, T,, is‘calculated using Formula (6):

= Ds/Bayg(s) (6)

=

In Figure 25, with the available amount of packets in the buffer, the client can continue the presentation
roughly for the duration of T, (arrival-deadline). The requested retransmission packet should arrive
until the arrival-deadline, Tj.
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5.15 Application layer forward error correction (AL-FEC)
5.15.1 FEC decoding method for ssbg_mode2

5.15.1.1 General

This subclause provides recommendations for the FEC decoding method when MMT employs ssbg_
mode?2 as source symbol block format. Depending on FEC encoding scheme, FEC decoding algorithm can

be decided. However, this implementation guideline does not cover a specific FEC decoding alg?rithm,

but deals with only the method to choose a proper unit of data for FEC decoding. This subclau%}srovides

some guidelines of FEC decoding unit and a method to choose a proper unit. ('1/
N>

5.15.1.2 Source symbol block format for ssbhg_mode2 ch'

In ssbg_mode2, source symbol block (SSB) usually consists of MM TP packets of\nﬁ?ble sizes. Figure 26
presents an example of SSB for ssbg_mode2 which is built of six MMTP pa g’lg aving distinct sizes.
More precisely, the six MMTP packets and some padding data (e.g. all angjﬁve been placed info the
SSB. Note that any MMT packet should be started at the first byte ofw ol element in SSB. The role

of padding data may be regarded as adjusting the start point of MMT\ kets.

The columns of SSB in Figure 26 correspond to the source symk;)%@ size T (bytes) which is composed
of N(=4) symbol elements of size T/N. In other words, the SSB ists of K(=13) source symbols df size
T, i.e. KxN(=52) symbol elements of size T/N(=T/4). Furthernée, an SSB can be divided into N rejgions
which consist of K symbol elements, respectively, such.-as Regions-1, -2, -3 and -4 in Figure 26. The
concept of regions in an SSB will be used for recomme FEC decoding method later.

[} '!Q\ [}
N\ !

"

Region -1

Region - 2

Region - 3

Region - 4

- Padding Data

Figure 26 — Example of source symbol block

5.15.1.3 Regionalization of source symbol block for FEC decoding

First, assume that the second and fifth MMTP packets in Figure 26 are lost, i.e. two MMTP packets are
not received in the MMT receiving entity side. When an MM TP packet is lost, the MMT receiving entity
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cannot acquire its boundary information in the SSB since its source FEC payload ID and size information
are also lost. In other words, the MMT receiving entity cannot acquire the information on the start and
end positions of MM TP packet and the amount of padding data, and so on. Therefore, the MMT receiving
entity can rebuild SSB as depicted in Figure 27. Note that source FEC payload ID provides information
related to the start position of the MMTP packet in SSB in terms of the symbol element for ssbg_mode2.
For example, the start position of the second and fifth MMTP packets in Figure 26 in terms of symbol
elements may be 6 and 37. After rebuilding the SSB from received MMTP packets, the MMT receiving
entity carries out the FEC decoding process to recover the lost MMTP packets.

ke K »
|
Region -1
Region -2
bssebesd
Region -3 % %
Region -4

Erased (Lost) Data

Figure 27 — SSB rebuilt whentwo MMTP packets are lost

The ynit of data used during the decoding process can be changed according to decoding requirements,
e.g. the decoding complexity, latency and thé\performance of erasure recovery, etc.

For the first example, Figure 28 presents the FEC decoding method based on source symbol unit. To
carryl out the decoding process based oh source symbol, SSB in Figure 28 should be interpreted into the
SSB ih Figure 28. It is easily checked that any source symbol including lost MMTP packet is regarded
as a Ipst source symbol. Consequently, the rebuilt SSB has seven lost source symbols, and therefore, at
leastgeven repair symbols arerequired to recover the lost MMTP packets perfectly.

Decoding

| R PR e —— o |

I |

I |
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I |

I |

I Repair I
Regi"n'z: Symbols :
T T

I |

. | '
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Figure 28 — FEC decoding based on source symbol unit
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The advantage of FEC decoding based on source symbol unit is low-complexity decoding due to one
erasure pattern during the decoding for the given SSB. More precisely, the preprocessing (e.g. Gaussian
elimination to form a decoding schedule) is required only once and the subsequent process is related to
simple repeated computations.

For the second example, Figure 29 presents the FEC decoding method based on two-symbol element
unit. Here, two-symbol element means a virtual unit for two-symbol elements bonded in each divided
region. To carry out the FEC decoding based on multiple symbol elements, a regionalization step is
i ildi : etsin-Eigure 26 the SSB should-be-divided

of Regions-3 and -4. Next, any two-symbol element including lost MMTP packet is regarded, as p lost
two-symbol element.

Consequently, one region and the other of SSB in Figure 29 have six and five lost two+symbol elenmjents,
respectively. Therefore, at least six repair symbols are required to recover thelost MMTP pdckets
perfectly. Finally, FEC decoding is carried out with a proper amount of repair symbols for each r¢gion.
Note that repair symbols also should be transformed into repair two-symbol elements for FEC decqding.

In general, the erasure patterns of two regions are different in case of EEC decoding based on myltiple
symbol elements unit. Therefore, the preprocessing for FEC decoding fe.g/Gaussian elimination) should
be applied to each divided region in SSB, i.e. two distinct FEC decodihg processes are carried out} This
causes an increase of decoding complexity compared with FEC deceding based on source symbol, while
the performance of erasure recovery can be improved for the given repair symbols since the number of
erasures is reduced. Note the number of erasures and their positions for the first and second examples
are different.

I
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Figure 29 — FEC decoding based on multiple symbol elements unit

For the third example, Figure 30 presents the FEC decoding based on symbol element unit. In thig| case,
the SSB should he divided into four regions as depicted in Figure 30, The four regions are the same as
Regions-1, -2, -3 and -4 in Figure 30. Furthermore, each region has five, four, five and five lost symbol
elements, respectively. Therefore, at least five repair symbols are required to recover the lost MMTP
packets perfectly. Finally, FEC decoding is carried out with a proper amount of repair symbols for
each region. Note that repair symbols also should be transformed into repair symbol elements for FEC
decoding.

In general, the erasure pattern of each region is different in case of FEC decoding based on symbol
elements unit. Therefore, the preprocessing for FEC decoding (e.g. Gaussian elimination) should be
applied to each region in the SSB, i.e. four distinct FEC decoding processes are carried out. This causes
an increase of decoding complexity compared with FEC decoding based on two-symbol element while
the performance of erasure recovery can be improved for the given repair symbols since the number
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of erasures is reduced. Note the number of erasures and their positions for the first, second and third
examples are different.

The unit of data used during the decoding process is related to the decoding complexity and the
performance, i.e. there is a trade-off between them. The smaller FEC decoding unit induces the larger
decoding complexity, while its performance of erasure recovery becomes better. Therefore, it is
important to choose a proper unit of data for FEC decoding according to system requirements.
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Figure 30 — FEC decoding based on'symbol element unit

1.4 How to choose a proper unit of data forrFEC decoding

eviously described, the number of erastuires depends on the unit of data for FEC decoding as
ted in Figure 31. It is clear that the smaller the unit is, the less erasures are induced. On the other
the larger unit is, the smaller deceding complexity is induced. Therefore, it is recommended to
e the symbol element for the best FEC performance and choose the source symbol for the smallest

decodling complexity as the FEC decoding unit.

Hows
bette
more
critig
data
counf
selec
is lar
large

ver, if there is not much difference for the number of erasures among the FEC decoding units, it is
r for FEC decoder to cheose the large unit as possible since the effect of decreasing complexity is
dominant than that(of degrading the performance, i.e. the performance degradation may not be
nl. At this point, th€iumber of erasures for each unit can be a measure to choose a proper unit of
for FEC decodijng./More precisely, after counting erasures for each FEC decoding unit by several
ers, comparétheir values and determine a proper FEC decoding unit based on a predetermined
ion rule, For-example, if the difference between the numbers of erasures for two decoding units
per than a/predetermined threshold value, the FEC decoder chooses a smaller unit, otherwise, a
F unit;
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Figure 31 — Example of counting erasures for eachFEC decoding unit

5.15.2 Usage of two-stage FEC coding structure

5.15.2.1 General

For error resilience timed and non-timed data delivery service, MMT AL-FEC scheme based on [plock
(N, K) code is applied. For given code rate CR (= K/N), FEC recovery performance on application|layer
is mainly dependent on loss rate, loss model.dnd source packet block length K. For given packeft loss
rate and on given loss model, the greater K itis, the lower overhead it requires for target FEC recpvery
performance while the longer delay it inffoduces and the more buffer memory it requires. However,
the smaller K it is, the higher FEC overhead it requires while the less delay (low-delay service) it is
achievable and the less buffer memoryit requires.

Usually, Asset for timed data requires low delay under reasonable FEC recovery performance and jAsset
for non-timed data does not.allow any loss, and these delivery characteristics about required Q¢S for
delivery of Assets are described in MMT-ADC. For this, Asset for timed data is delivered and protected
with relatively smaller(encoding symbol block to support low delay and Asset for non-timed dpta is
delivered and protected with relatively greater encoding symbol block to get higher FEC recpvery
performance and.Jewer FEC overhead. Therefore, Case 2 of two-stage FEC coding structure is us¢d for
delivery service‘ofhybrid contents which requires two different QoSs such as AV and file data.

On the other\hand, when Asset for timed data such as AV streaming delivery service is multicast (or
broadcast)ysome end-users (User Group A) of the multicast (or broadcast) group can be under relatively
good ¢hannel condition (e.g. 1 % packet loss or random packet loss) and the others (User Grojp B)
can-be under relatively bad channel condition (e.g. 10 % packet loss or burst packet loss). For this, it

reasonable FEC recovery performance to User Group B. Therefore, Case 2 of two-stage FEC coding
structure is used for streaming multicasting (or broadcasting) service of Asset for timed-data.

The MMT HRBM is applied for each Asset, i.e. the MMTP packets having the same packet_id. For two-
stage coding structure, the MMT HRBM is extended to multiple Assets which are protected as an
FEC source flow. The HRBM messages for all Assets in an FEC source flow should be determined by
considering whether FEC 2 decoding is applied to each Asset or not.

Figure 32 depicts HRBM block diagram for two-stage FEC coding structure. MM TP packets (FEC source
or repair packets) for both Asset A and Asset B are passed to both FEC 1 and FEC 2 decoding buffer. After
FEC 1 decoding, MMTP packets for Asset A are passed to de-jitter buffer for Asset A and the recovered
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source symbols are passed to FEC 2 decoding buffer. Then, if MMTP packets for Asset B are not still
recovered yet, MM TP packets for Asset B after FEC 2 decoding are passed to de-jitter buffer for Asset B.
Otherwise, without FEC 2, decoding MMTP packets for Asset B are passed to de-jitter buffer for Asset B.

5.15.
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Figure 32 — HRBM block diagram for two-stage FEC coding structure

2.2 Use case: Hybrid contents delivery

When hybrid contents, which consists of Assets (video and audio{for timed-data and file for non-timed

data)
the A
for th
sourd

Durit
sourd
using
block

In or
For ¢
sumn
hand
tran
deliv
used

are delivered, each Asset is packetized in MMT payloads.and the packetized MMT payloads for
ssets are multiplexed on MMT packets to be a single FECsource flow (a sequence of MMT packets
e Assets). The single FEC source flow is segmented intd,-one or more source packet blocks and each
e packet block is protected by Case 2 of two-stage EEC coding structure.

1g FEC decoding process, Assets for timed data is recovered by using FEC 1 decoder in the split
e packet block units to provide low-delay-sérvice and Assets for non-timed data is recovered by
both FEC 1 decoder in the split source packet block units and FEC 2 decoder in source packet
units to provide higher FEC recovery performance.

Her to support this use case, the\MMT sending entity should send HRBM messages as follows.
ach Asset for video and audio, ‘the value of fixed end to end delay field is calculated by
ning of max transmissigh delayandprote01on window time for FEC 1. On the other
the value of fixed end (tp end delay field for File Asset is calculated by summing of max
smission delay and protecion window time for FEC 2. Note that the MMTP packets
bring Assets for vide@ and audio can be recovered by FEC 2 decoder, but those packets may not be
in MPU reconstruetion process.

2.3 Use caseiStreaming multicasting (or broadcasting) to two different end-user groups

h is under two different channel conditions each other

AV tgontents, which consists of Assets (video and audio for timed-data), are multicast (or

on MMT packets to be a smgle FEC source flow (a sequence of MMT packets for the Assets) The smgle
FEC source flow is segmented into one or more source packet blocks and each source packet block is
protected by Case 2 of two-stage FEC coding structure.

During FEC decoding process, User Group A, who is under relatively good channel condition, recovers
the Assets by using FEC 1 decoder in the split source packet block units for low-delay service or
reducing power consumption and User Group B, who is under relatively bad channel condition, recovers
the Assets by using FEC 1 decoder in the split source packet block units and FEC 2 decoder in source
packet block units to get reasonable FEC recovery performance.
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5.15.3 MPU mapping to source packet block

5.15.3.1 General

An MMT FEC scheme can be applied to protect MMT assets. An FEC source flow is a flow of MMTP
packets delivering one or more MMT Assets. MPUs composing the MMT Assets are packetized into
MMTP packets. The sequence of MMTP packets is segmented into source packet blocks and FEC
encoding is applied to those blocks. The resulting encoding symbols are delivered by FEC source and

TEpair packets.

In order to recover lost MMTP packets, the FEC decoding needs to collect sufficient number ¢f\encpding
symbols from FEC source and parity packets. An MPU could be de-packetized only after the FEC decpding
process ended for all FEC source packet blocks containing any MMTP packet from the MPU. As a result,
there is a different delay dependent of how to map MPUs to source packet blocks. Thefefore, MMT needs

a strategy for mapping MPUs to source packet blocks to prevent unintended delay innMMT client.

5.15.3.2 Aligned MPU mapping method to source packet block

Firstly, it will be assumed that an FEC source flow is a flow of MM TP packets delivering a single Asset.
For AL-FEC encoding of the MPUs for the Asset, the MPUs are packetized in MMTP packets and [these
MMTP packets are mapped to source packet blocks. In this process, & source packet block contairs one
or more complete MPUs or part of a single MPU. More precisely,the MMTP packets from the Asset are

mapped to source packet blocks in one of following three case$.to minimize the decoding delay.

Case 1: A source packet block only contains a complete set of MMTP packets packetized ffom a
single MPU of the Asset.

Case 2: The MMTP packets packetized from a MPU of the Asset are mapped to N (>1) source packet
blocks. These source packet blocks contain-only MMTP packets packetized from the MPU.

Case 3: A source packet block only contains a complete set of MMTP packets packetized from ¥ (>1)
MPUs of the Asset.

Figure 33 shows examples for the three cases for “aligned MPU mapping to source packet block (SFB)”
in case of that FEC source flow consists of MMTP packets for a single Asset. In Figure 33, “Case 1 fx.” is

an example for Case 1, “Case 2(Ex.” for Case 2 with N = 2 and “Case 3 Ex.” for Case 3 with M = 2.

© ISO/IEC 2017 - All rights reserved 37


https://standardsiso.com/api/?name=e3702c9710ae1f25099d4e1a236223cd

ISO/IEC TR 23008-13:2017(E)

MPU boundary
MMT Asset ... |H| G-DthMPU |H| ithMPU H| (@+1)thMPU |H| (i+2)th MPU

I I I o I I
| | ¢ | Packetization | |
| | | | |

MMTDEL Liodl MAMTDEL adla. MMTDL Lo d el MAMTDEL Lol

—EEC source — MM FRsfort-jth MFRs-for-H—- MM Psfor- MM Rsfor-+23eh

flow MPU MPU MPU MPU

| | | | |
| | ¢ | Mapping to SFB | |
| | |

Case 1 Ex. . (i-1)th SPB ith SPB (i+1)th SPB (i+2)th SPB

Ja

=
=
—_—— -

|
|
|
PB (j+1)tllh SPB &
l
|
|

Case 2 Ex.
~
I I I
I I I
Case 3 Ex (2i-3)th [ (2i-2)th | (2i-1)th | 2ith | (2i+1)th | (2i+ [(2i+3)th | (2i+4)th
. T SPB SPB SPB SPB SPB ¢S SPB SPB
I I I L, QY I I

Figure 33 — Examples for MPU mapping to source packet block (SFB)

The 4ligned MPU mapping to source packet block can®e easily extended to the cases where an FEC
sourde flow is a flow of MMTP packets delivering niere than one MMT assets. The design concept of
“aligned MPU mapping to source packet block” is-t6'minimize the unintended delay caused by AL-FEC
protection. Some MPUs in different Assets can frave close relationship and be multiplexed and then
considered as a unit. This kind of set of MPUs(s reffered to as group MPU (GMPU). Then, in the encoding
procgss of the source flow, a source packet block contains one or more complete GMPUs or part of a
singl¢ GMPU. More precisely, the MM TR packets from the Assets are mapped to source packet blocks in
one of following three cases to minimize the decoding delay.

(Jase 1: A source packet bleck only contains a complete set of MMTP packets packetized from a
single GMPU of the Assets.

(Jase 2: The MMTP packets packetized from a GMPU of the Assets are mapped to N (>1) source
packet blocks. Thesesource packet blocks contain only MMTP packets packetized from the GMPU.
C
¢

ase 3: A source'packet block only contains a complete set of MM TP packets packetized from M (>1)
MPUs of the'Assets.

5.15.4 FEECfor hybrid service

For

‘rl’\vir‘] onr‘nr‘nc (D(T nrimary ’Jnr]lr\ 'Jnr] ("r]nr\ ]ﬁrn')r]f"]cflnn‘ a5 pl(\'!!l"ﬂ Q/I and cacaondaryu ’J'I'I!']lf\
P* J

........ Tt orrrer THerort

multlcastlng via broadband network as Figure 35) distributed by using the broadcast and broadband
networks, a repair flow is created to protect a source flow by FEC encoding based on MMT AL-FEC
framework. When the source flow is delivered via broadband network, the repair flow is delivered
via broadcast network. As broadcast network provides relatively low delay while broadband network
introduces relatively long delay, broadcasting delivery of repair flow enables to reduce the jitter on the
MMTP packets for the source flow by recovering the lost MMTP packets which may arrive after fixed
end-to-end delay (i.e. maximum transmission delay + FEC protection window time) which is provided
by the HRBM message.
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When the MM%&O’n)dmg entity wants to provide the broadband contents with fixed end-to-end delqy = D,
the MMT s

Broadband
Broadcast Server
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h‘m\packet MMTP packet
X\
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Figure 34 — Hybrid service for primary and secon@r audios
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@gure 35 — Broadcasting parity for broadband source

g entity creates HRBM message(s) with fixed end-to-end delay = D and maximum

sourc of the broadband contents. In this case, repair symbols are generated as many as to bg able

tor

@ following are examples:

transmi;@rdelay D - F (F is FEC protection window time) and generates a repair flow to proteft the

r the MMTP packets of each source packet block which may arrive after fixed end-to-end flelay.

maximum delay of broadband network is 5 s;

broadcast network has 1 s constant delay;

80 % of MMTP packets for a source packet block arrive within 2 s at MMT receiving entity;
10 % of MMTP packets for the source packet block arrive within between 2 s and 3 s;

the remaining 10 % of MMTP packets for the source packet block arrive between 3 s and 5 s.
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Then,

MMT sending entity creates HRBM message with fixed end-to-end delay = 3 s and maximum
transmission delay = 2 s, and

generates repair symbols as many as to be able to recover 20 % of MMT packets (for the source
packet block) which are assumed to arrive between 2 s and 5 s based on FEC protection window
time = 1 s and the recovery performance of FEC code algorithm to be used.

tl t1+x

broadcast

[ ]——{tira | airec |[tlratb] Deditter | tivarbrc |

buffer
broadband

Figure 36 — Jitter reducing mechanism by broadcasting repair

In Figure 36, for the above example,x<1,a<2,a+b<3anda4 b+c=3.

Then| FEC source packets for the source packet block are*delivered over UDP or TCP/IP via broadband
netwprk and the FEC repair packets for the repair symbols are delivered over UDP/IP via broadcast
netwprk.

5.16|Delivery of encrypted MPUs

Comrpon encryption relies on different types of metadata for enabling decryption. The “pssh” box
carrigs DRM-specific metadata that iswepaque to common encryption. The “pssh” box may appear
insid¢ the “moov” box or any “moof” box. Default track encryption metadata is provided in the “tenc”
box and provides default metadata.for all samples of the track. This information may be overwritten
by erjcryption metadata for sdmple groups, which are provided as part of sample descriptions of the
corrgsponding track. Finally,sample-specific encryption metadata can be provided as part of sample
auxillary information, which is either stored as part of the “mdat” box and pointed at by “saiz” and
“saio] boxes for size andlocation, respectively, or/and as of the second edition of common encryption,
samplle encryption metadata will be provided as part of the “senc” box in track fragments “traf” boxes
of mdvie fragmen{s-

When delivering a common encryption encrypted MPU, all sample auxiliary information, whether

» o«

storefd as part of the “tenc”, “senc” or the “mdat”, is considered as part of the Fragment Metadata. In the
latteq case,'the auxiliary sample information should appear in the beginning of the mdat box prior to
any njedia samples. Figure 37 depicts how packetization occurs.
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The fragment metadata including the aitin the “mdat” box is treated as a single payload. The rec

7(E)

eiver

uses the offset and size informationin the “moof” box to reposition the MPU metadata again in the

“mdat” box when reconstructing @émovie fragment.
N
5.17 HRBM message updating

5.17.1 General C)O

The Hypothetic @eiver Buffer Model (HRBM) guarantees that each MMTP packet has a fixed ei‘(li-to-
t

end delay alth it was delivered through a network with jitter. An MMT sending entity deter
the requir uffer size and the fixed end-to-end delay for each MMTP subflow and signals
information to an MMT receiving entity using the HRBM messages. Then MMT sending entity tran
MMT kets with the schedule verified by the HRBM to ensure no buffer overflow in the
rec g entity.

& required buffer size is calculated by using the maximum duration of the buffer, which c

ines
this
Kmits
MMT

hn be

— 1.1 14 — +1 e + e 1.1 £ +1 yull 1 h 111
obLdHIICU DYy SUDLUIAdULLTE UIC HIIIHNITUIID T dIISTHIISSTUIN UCIdy  ITOUIID UIC TIXCU CIIU=LU=CIIU Ucidy, 4dlIl

1 the

maximum bitrate of the MMTP packet stream. In some applications, the MMT sending entity can

temporarily change the maximum bitrate of the MMTP packet stream. In that case, the HRBM me
should be updated based on the new maximum bitrate of the MMTP packet stream.

5.17.2 HRBM message sending schedule

ssage

When updating the HRBM message, the MMT sending entity should assume that an MMT receiving

entity will prepare another de-jitter buffer which operates according to the updated HRBM me

ssage

and passes the MMTP packets transmitted after the MMTP packets containing the updated HRBM
message to the new de-jitter buffer (it can be done by checking the value timestamp field in the MMTP
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packet header). It is recommended that the updated HRBM message should be transmitted between
consecutive MPUs in order to prevent unexpected delay in the MMTP packet decapsulation buffer.

5.17.3 Use case

Consider a service supporting a synchronized playout at multiple devices where each device is
connected to the server using individual unicast connection. It can be assumed that the server has the
same number of logical MMT sending entities as the number of devices connected to the server. In order
to supporta IVAS . - T-semdingemntit . T T STt T
MPU fo each MMT receiving entities using the same transmission schedule based on the same fixed end-
to-end delay and the buffer size. When a new device has been joined to the service, the corresponding
MMT|sending entity is instantiated. If the device is joined in the middle of an MPU sending duratignythe
MPU fkannot be delivered to the device completely. In order to reduce the service access time, the MMT
sending entity can quickly transmit the whole MPU to the newly joined device if possible (burst mode)
and then it transmits the next MPU using the same schedule with the other MMT sendingentities in the
server (normal mode).

VI O (D VOU c IVIIV CI1IUIINE € C (11U COUSILY C C

For njore detailed analysis, the following parameters can be defined for normal mede:
— MIPU duration: D seconds;

— maximum bitrate of the MMTP packet stream: M bytes/s;

— maximum number of byte required to deliver a MPU: M x D bytes;

— flxed end-to-end delay: F seconds (the minimum transmissioh delay = d);

— required buffer size: B = (F - d) x M bytes.

Assuming that the device has been joined after ] (<D) se¢onds from the start of the delivery of an MPU at
other) MMT sending entities in the server, then the maximum bitrate of the MM TP packet stream in the
bursfmode, M’, is given by Formula (7):

M'=(MxD)/(D-]) (7)

As a fesult, the required buffer size for'burst mode, B’, is increased compared with the required buffer
size fpr normal mode as follows:

B =(F-d)xM =(F-d)xM™xD/(D-])=BxD/(D-]J)
=B+Bx]J/(D-]).

Then|the MMT sending entity can determine whether it can operate in burst mode or not considering
the ayailable bandwidth and the above parameters. If it is possible to operate in burst mode, the MMT
sending entity signals the values of M’ and B’ by HRBM message and sends the first MPU in burst mode.
After|the MMT-sending entity has finished the delivery of the first MPU in burst mode, it operates in
normfal mode»Before it transmits the MMTP packet containing the second MPU, the value of M and
B shduld¢be signalled to the MMT receiving by updating HRBM message. If the HRBM message is not
updated-properly, then B x J/(D - ]) bytes of the memory in the MMT receiving entity is wasted.

5.18 MMTP packet with padded data

MMTP packet could be delivered over TCP/IP and UDP/IP flows. When the MMT sending entity send
the MMTP packet with padded data, it could be identified and calculated to remove the padded data at
the MMT receiving entity. To identify the padded data to remove, the size of padded data is needed in
the entire delivered IP packet. This document presents the way to calculate the size of padded data in
MMTP packet over UDP packet as shown in Figure 38.
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Figure 38 — MMTP packet over UDP

As shown in Figure 38 for MM TP packet over UDP, the length of UDP packet is specified as the len
bytes of the entire datagram which consists ofUDP header and data in UDP header. The field size
theoretical limit of 65,536 bytes (e.g. the minimum length of 8 bytes header + 65,527 bytes of datja) for

a UDP datagram. In IPv4, the practical limit for data length is 65,507 bytes (65,536 bytes - 8 by
UDP header - 20 bytes of IP header). In MMTP, packet header indicates that the length of MMTP p
header (V = 1) contains the minimum:length of MMTP packet header which is 18 bytes and the sji
extension header. The length of padded data could be calculated by the provided information in M

packet header with extension header fields. See Figure 39.
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Figure 39 — MMTP packet header with extension header field

Eor example, the “type” indicates that this payload contains the padding data, the “length” presen

rth in
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Les of
acket
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Size of vatue and the “header_extension_vatue - provides tie size of padding data fronT the end o

packet tail.
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6 Use cases for MMT deployment

6.1 General

This clause gives implementation guidelines on specific deployment use cases and examples utilizing
MMT standard for specific purposes. This clause intends in particular to guide implementers how MMT
specification can be utilized or extended for the specific topics such as, but not limited to:

— DASHOVer MMT;
— network caching/MANE utilizing MMT;

— usage and extensions of ISO/IEC 23008-1 for Japanese broadcasting services.
6.2 [Delivery of DASH Presentations using MMT

6.2.1 General

When streaming a DASH presentation, e.g. over a broadcast channel, the HTTR_protocol can no longer
be uged. MMTP provides the necessary tools to support the delivery of a DASH presentation. A DASH
presgntation consists of the Presentation Information (PI) (which is the(MPD) and the data segments
(initiplization and media segments).

6.2.2( Delivery of the MPD

The NIPD makes the core part of the Presentation Informatienef the presentation. The MPD is assigned
its oywn MIME type, “application/dash+xml”, which is used"to identify the type of the presentation.
The NIPD is embedded in the MPI table, which in turn is delivered using the MPI message. The format
of th¢ message may either be binary or XML. In case'of XML format, the MPD is embedded using the
<![CDATA[ ]]> encapsulation. The MPD updates areidelivered using the same mechanism. The updates
are djscovered by checking for the table identifierdn signalling messages of that particular package.

The MPD is then used by the client (DASH:client) to drive the presentation. It is required that all
segmeents that are addressed by the MPD-should be readily available at the receiver side, i.e. delivered
and recovered by their segment availability start time. This may be ensured by setting delivery schedule
and the HRBM parameters appropriately.

6.2.3| Delivery of the datarsegments

6.2.3|1 Delivery usingthe MPU mode

When delivering DASH content using the MPU mode, each Representation is considered as an MPU. It
is important to note that the concatenation of all segments of a Representation results in a fragmented
ISOBMFF compatible file, which is equivalent to an MPU in MMT terms.

The initialization segment of the Representation is the MPU metadata and is marked appropriately
during®he delivery to ensure that it is recovered by the receiver. The MPU metadata should be delivered
repetitively to ensure tiata fents, Independent of the time they join the session, wilt uttimatety be
able to recover it. The MPU mode provides the means for marking these important packets by setting
the FT field to MPU metadata. Similarly, fragment metadata is important for every fragment and should
also be delivered repetitively to increase the probability of recovery.

All segments of a Representation are then marked as belonging to the same MPU by using the same
packet_id and MPU sequence number to mark them. The mapping between the Representation and
the packet_id and MPU sequence number is provided by the Identifier_mapping syntax element that
is provided in the MP table. The simplest usage of the identifier_mapping in this case is to provide
the representation_id as provided in the MPD. Other approaches, e.g. using the URL template for all
segments of that Representation, may be used instead.
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At the sender side, the data is delivered on movie-fragment basis. However, at the receiver side, each
media segment needs to be recovered appropriately and timely. It is then necessary for the receiver to
be able to identify the segment boundaries and the segment information as shown in Figure 40. This
may be done in one of the following ways.

— A segment is recovered by identifying its boundaries using the presence of the segment index box
(“sidx”) from the current and the following segment.

— A segment is recovered by checking the timestamp of the first sample in the movie fragment (e.g.
extracted from the “tfdt” box or the “sidx” box) and using the MPD to identify the media segment
that has the same starting time.

— The segment boundary may be deduced from the segment duration by dividing the fragment|start
time by the duration of the media segment for that Representation.

N : Bl NNl o

I I
Segment #N Segment # n+1
Segment Segment

boundary boundary

______;ix_____
tfdt
mdat
tfdt
mdat

sidx
mdat

Figure 40 — Segmentboundary detection

6.2.3.2 Delivery using the GFD mode

When using the GFD mode, each segment'of the DASH Representation is delivered as a regular fil¢. The
connection between those segments, may be established using the packet_id. The connection betjween
the file (transport object) and theL.segment information is established using the identifier_mapping
information in the MP table. Thé.most appropriate mapping in this case could be the URL template or
the URL list. Based on that mapping, the TOI can be used to directly recover the segment number and
the segment URL.

6.3 Client operation for DASH service delivered through MMT Protocol

6.3.1 Delivery-of MPD with MMTP

For the application using MMTP for the delivery of DASH service, MPD can be received as an MPI
tableA)\with MIME type setto application/dash+xml.

63.2° Delivery and consumption of DASH Segments with MMTP

6.3.2.1 Reconstruction of DASH Segments

6.3.2.1.1 Use of GFD mode
MMTP provides GFD mode for the delivery of any type of generic file. Any DASH Segment can be

delivered as a generic file using the GFD mode of MMTP. Reconstruction procedure described in 5.2.3 is
applied to reconstruct DASH Segments in this mode.
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6.3.2.1.2 Use of MPU mode

MPU
Segm

mode of MMTP is used to deliver MPUs. Therefore, MPU mode can be used to deliver a DASH
ent when it also has “mpuf” as a compatible brand. Reconstruction procedure described in 5.2.2 is

applied to reconstruct DASH Segments in this mode.

6.3.2.2 Consumption of DASH Segments

6.3.2
If thd

2.1 Client with HTTP cache

b client receiving DASH Segments over MMTP has an HTTP/1.1 cache, reconstructed DASH

Segmlents are consumed by the DASH client through the HTTP cache as shown in Figure 41. As soon

as co

mplete DASH Segments are reconstructed, they are moved to the HTTP/1.1 cache, then the DASH

clienf receives DASH Segments through normal HTTP/1.1 Request/Response operations.
HTTP
MMTP DASH DASH Request
ackets Segments <
P 5|  Segments J > HTTP cache | DAsH client
reconstruction >
entity HTTP
Response
Figure 41 — Client withk HTTP cache

6.3.2(2.2 Client without HTTP cache
If the client receiving DASH Segments over MMTP does not have an HTTP/1.1 cache, reconstructed
DASH Segments are consumed by the DASH client through special DASH Segments buffered as shown in

Figun
Buffe
DASH

modg

e 42. As soon as complete DASH Segments are reconstructed, they are moved to a DASH Segments
r which stores DASH Segments with associated URLs as shown in Figure 43. Associated URLs of
Segments can be found from'a GFDT when GFD mode is used or from an mmpu box when MPU
is used. The DASH Client.in-this case looks in the DASH Segments Buffer to find an appropriate

Segment by using a URL as-an/index for the search. There may be more than one representation

deliv
and 1]
lower

bred into the DASH Segments Buffer, each comprising different data rates, levels of video quality
pbustness. If a DASH-Segment at the desired quality level is not found, a DASH Segment at the next
quality level carrbéfound, if available.

A S S

MMITP DASH DASH
packets Segments Segments DASH
> recaonstruction > Segments <€ > DASH client
entity Buffer

46

— — N/

Figure 42 — Client without HTTP cache
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/ DASH Segments Buffer \

URL1 Segment 1

URL 2 Segment N

K URL N Segment N /

Figure 43 — Storage of DASH Segments

6.4 Hybrid of MMT and DASH over heterogeneous network

Figure 44 shows a simplified architecture of the client implementing both MMT and DASH. Figulre 44
only shows the most important components of MMT and.DASH.

MPEG-H CI
Parser
MPD Parser
MMTR
—> Signal‘Message
Parser Presentafion
Enging
v v v
MMTP FEC Decoding De-jitter MMTP D.e X
—> Packet Buffer Buffer capsulation
Filter Buffer
Media
Engines
DASH
—> HT.T P Segments
Cllslllt Buffer

Figure 44 — Conceptual architecture of hybrid service client

The function of each block is described as follows.

a) The MMTP packet filter receives MMTP packets from the broadcast network and delivers them to
the appropriate processing block, either the MMTP signalling message parser or the FEC decoding
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b)

d)

£)

g)

h)

48

buffer. The MMTP packet filter performs the following checks depending on the packet_id of each
MMTP packets.

1) When the client is tuned into the specific service, then MMTP Packet Filter is only given
the packet_id of MMTP signalling messages by the processing block which is not shown in
Figure 44. After the MPT_message is processed by MMTP Signalling Message Parser, MMTP
Packet Filter is given the packet_id of media component and start to filter MMTP packets with
media component.

The MMTP signalling message parser receives MMTP Packets from the MMTP packet filter and
pgarses the MMTP signalling message carried in the packet. Information retrieved from the MMTPR
signalling message is delivered to the appropriate processing blocks.

1) When the client is tuned into the specific service, the MMTP signalling message parser firstly
looks for the MPT_message and processes it to get the list of MMT Assets and theirpacket_ids.

2) Whenever an MPI_message is received, it processes the PI_content_type_byte’ field of MPI_
table() and then delivers the data carried as PI_content_byte of MPI_table() to either the
MPEG-H CI parser, MPD parser or presentation engine. If the value of PI_content_type_byte is
HTML 5 then the contained data is delivered to the presentation engine! If the value of the PI_

content_type_byte is MPEG-H CI then the contained data is delivered‘to the MPEG-H CI parser.
If the value of the PI_content_type_byte is DASH MPD then the ¢ontained data is delivered to
the DASH MPD parser.

3) Whenever an AL_FEC message is received, the informationin the message is signalled to the
FEC Decoding Buffer.

4) Whenever an HRBM message is received, the information in the message is signalled to the de-
jitter buffer.

PEG-H CI parser receives MPEG-H CI from the MMTP signalling message parser and processes it.
he presentation time of the first access unit;ef the MPU is known from the “MediaSync” element
referencing such MPU and is delivered to the'presentation engine. The presentation time of the first
cess unit of the first segment described by the DASH MPD is also known from the “MediaSync”
ements referencing the relevant DASH MPD file and is delivered to the presentation engine.

he MPD parser receives the DASH MPD through the MMTP signalling message parser and
rocesses it. The MPD parser_provides relative presentation time of each DASH Segment to the
resentation Engine.

he FEC Decoding buffer'receives MM TP packets with dedicated packet_id and immediately copies

ackets to de-jitter puffer. If there are any packets which are not received until protection window
time of AL_FEC message signalled by MMTP Signal Message Parser, repair operation is applied to
the received packets. If packets are recovered, they are also immediately copied to de-jitter buffer.

e-jitter buffer receives MMTP packets from FEC Decoding Buffer. De-jitter buffer stores those
ackets until the fixed_end_to_end_delay provided by the HRBM message has passed since

the time specified in the time_stamp field of each MMTP packets and copies them to the MMTP
ecapsulation buffer.

The MMTP decapsulation buffer depacketizes MMTP packets received from the de-jitter buffer and
reconstructs the MPUs. Reconstructed MPUs are delivered to media engines.

The HTTP engine makes GET requests with the URL received from the MPD parser through the
broadband network and receives DASH Segments as responses. Received DASH Segments are
delivered to the DASH Segment buffer.

DASH segment buffer receives DASH segments from the HTTP engine and delivers them to media
engine as soon as the processing of previously delivered DASH Segments are finished.
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j)  Media engines receives MPUs and DASH Segments and decode them with appropriate decoders. It
delivers decoded results to the presentation engine.

k) The presentation engine receives the HTML 5 document from the MMTP signalling message parser.
It renders media data from the media engine in the location specified by the HTML 5 document and
at the time provided by the MPEG-H CI parser and the MPD parser.

6.5 MMT caching for effective bandwidth utilization

6.5.1 Overview of MMT caching middlebox architecture

! I
I Content Providers l | -y—i W)
A' - = 1 | EPC I e T
LA BN )1 i |
\_ TUhe nuiu- pr—
. |

Ll

|
| l‘ I A
,v' | =
T~ | P-GWS-GW | :

L] Wiredbackbone network |- N\Y \A Client
High bandwidth Cacllmdlebox ;

N

Figure 45 — Overview of an MMT .caching middlebox

The network is composed of three entities: a server (or a content provider), a caching middlebox
and a client as shown in Figure 45. From the perspective of a client, the caching middlebox Works
transparently such that the client cannot tell'a*middlebox from a server. It can be assumed that the
server knows the existence of the caching middlebox.

The goal of the caching middlebox is a) to reduce the bandwidth usage at the path between the server
and the middlebox and b) to adapt thevideo rate to available bandwidth per each client. For the former,
the middlebox focuses on networkiredundancy elimination on the MPU delivery. It attempts to|fetch
all MPUs that belong to a requested video from the server for example by using HTTP, but actually
downloads only those MPUs that do not exist in the middlebox cache (cache-missed MPUs). To id¢ntify
an MPU, it uses a MPU ID which is a hash value of the content of the MPU.

For serving the media to clients, the middlebox adapts the MPUs to the available bandwidth per glient
and fairly distributes ‘the bandwidth to each client. That is, the middlebox uses MMTP to delivgr the
MPUs to the clients.

Moreover, deploying MMT caching middleboxes along with an HTTP CDN is costly since the CDN should
support MMT instead of HTTP. For easy deployment, it is desirable that the MMT caching middllebox
cooperates with HTTP (caching) servers so that they communicate in HTTP.

6.5.2 Content-based caching of MMT media

6.5.2.1 Content-based caching

Content-based caching caches a content by its chunks instead of by the whole content. It divides the
content into smaller chunks and names each chunk using its content hash. Each chunk is a unit of
caching, but its chunk name (or ID) is essentially a tightly-bound summary of the chunk content. So,
using the chunk names, one can easily identify the duplicates across contents with different names (e.g.
aliases) or even the set of partially-redundant chunks among different contents. Content-based caching
was used to MMT media delivery.
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6.5.2.2 Caching unit

The MMT caching middlebox uses an MPU as a caching unit (chunk), so the chunking process is simple
and fast.

6.5.2.3 MPU ID (Chunk ID) generation

6.5.2.3.1 General

An MkU ID is used for determining a cache hit or a miss. An MPU ID should be calculated by hashing over
the content binary by carefully excluding the metadata such as an asset ID or an MPU sequence nuntber
that are not bound to the video or audio content itself. In addition, the MPU ID should be calouldted
differently according to the type of an MPU.

6.5.2|3.2 MPU with timed media

Multiple mdat atoms could exist in a timed media. In that case, the MPU ID is conceptually a hash value

over all mdat binaries stitched together in an MPU.
s |lm moov m mdat m mdat
ftyp/ || i ||m ||| MMT : 0 | Hint Sample ‘ 0 l Hint Sample ‘
. Media
styp || d ||p hint wrack 0 0
X ||u track Lok f l Media Sample ' f ’ Media Sample ‘
mdat mdat
| Hint Sample l l Hint Sample l
l Media Sample ] l Media Sample ]

Thea
behir
form
paylo
ID (h

Figure 46 — MPU ID generation for timed media

ctual MPU ID is calculated over payloadized mdat sequences as in Figure 46. There are two reasons
d it. First, the middleboX can reduce undesirable delay if it fetches the MPU in the payloadized
it as in Figure 47 since it.can deliver each MFU right away without waiting for the full MPU. Second,
adized mdat sequences would fix the location of the hint samples, which would produce the same
hsh) even if those hint samples are stored in different locations at a storage.

MPU ID = One-way hashing (payloadized mdat sequence)

50

© ISO/IEC 2017 - All rights reserved



https://standardsiso.com/api/?name=e3702c9710ae1f25099d4e1a236223cd

ISO/IEC TR 23008-13:2017(E)

MPU file
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fiyp/ || i |[m]]| MMT Medi 0 0
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d d d d d d
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Figure 47 — Payloadized format

6.5.2.3.3 MPU with non-timed media

For non-timed media, a MPU ID refers to a hash over all items stitched together in an MPU

Figure 48.

MPU ID = One-way hashing (all item boxes)

f |lm moov
! n . el meta Item1 Item2 Item3
y [P hint
pillu track
Item1 Item2 | Item3

Figure 48 — MPU ID generation for non-timed media
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6.5.3 MPU sync protocol between server and caching middlebox

6.5.3.1 General

This subclause proposes a protocol based on a redundancy elimination technique for delivering
MMT media from a server to a caching middlebox. It augments HTTP with a few custom headers for
exchanging MPU requests, MPU IDs (chunk IDs) and metadata for delivering MMT packages.

6.5.3{2 Protocol overview /\
N

7 /
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3-2. Send CI file Qﬂ/
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Figure 49 — Operation sequence
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Figure 49 shows an overview of how the protocol works. Note that the following shows one
implementation of the protocol using custom HTTP headers, but one can implement the same

mechanism using custom web services based on XML-RPC, JSON-RPC, RESTful API, etc.

First, in order to work as server, the middlebox asks for a CI file and an HTML file at the server using
“X-CIRequest” and “X-HTMLRequest” HTTP custom headers. After parsing the CI and HTML files, the

middlebox retrieves the name of the asset and requests MPU IDs for the MPUs in the asset, usin

g the

“X-MPUIDRange” header. On receiving the MPU IDs from the server, the middlebox determines whether

the r‘]'\un]z contentis rar‘hnd foreach ID In case of 2 cache ]rn'f, the mir‘r”nbnv rnquncfc t]nn hnadnr ')fthe

MPU that consists of non-mdat boxes (e.g. moof and moov boxes) by using the “X-MPUHeader,Reg
header and reconstructs the MPU in real time. On a cache miss, the middlebox asks for the entire

uest”
MPU

by using the “X-MPURequest” header and store the MPU content (e.g. mdat part) in cache storage plong

with its MPU ID.
6.5.3.3 Request messages

6.5.3.3.1 General

In this subclause, custom HTTP headers is defined as one example for requiesting a Cl file, a MPU I list,
an MPU and an MPU header as in Table 1. The request and response méssages follow the HTTP mefsage

format defined in RFC 2616, Section 4[10]. Again, these are just an.éxample of a possible implement
and one can choose to use other web service mechanisms as well:

Table 1 — Request header fields

ation

Request header = X-CIRequest ;6.5.3.3.2
| X-HTMLRequest ; 6.5.343.3
| X-MPUIDRange {6.5.3.34
| X-MPURequest ;6.5.3.3.5
| X-MPUHeaderRequest ;6.5.3.3.6

6.5.3.3.2 X-CIRequest
X-CIRequest is used with the HFTP GET method to request for the CI file of an MMT package. The p

hth of

this request represents the\name of the package. When the “X-CIRequest” field is present in the request,

the server should provide)a CI file of requested package.

Device id ¥ 1#DIGIT
X-CIRequest™= "X-CIRequest” ":" device id

Example:
GET{ ) P4ckagel HTTP/1.1
Host: test.mmt.com
X3CIRequest: 1

6.5:3.3.3 X-HTMLRequest

X/HTMLRequest is used with the HTTP GET method to request the HTML file of an MMT packag

. The

path of this request represents the name of the package. When the “X-HTMLRequest” field is present in

arequest, the server should provide an HTML file of a requested package.

Device id = 1*DIGIT
X-HTMLRequest = "X-HTMLRequest"” ":" device id

Example:
GET /Packagel HTTP/1.1
Host: test.mmt.com
X-HTMLRequest: 1
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6.5.3.3.4 X-MPUIDRange

X-MPUIDRange is used with the GET method to request the list of MPU IDs. The X-MPUIDRange field in
a GET request specifies two numbers that represent the start and end sequence numbers of MPUs and
the response should contain the MPU IDs that correspond to those MPUs in the range. The path in the
first line represents the asset name.

MPURange-specifier = MPU SegNumStart "-" MPU SeqgNumEnd
MPU SegNumStart = 1*DIGIT

MPU SegNumknd = 17*DIGLT
X-MPUIDRange = "X-MPUIDRange” ":" MPURage-specifier

Examgle:

GET /Packagel/Assetl HTTP/1.1
Host: test.mmt.com
X-MPUIDRange: 1-4

6.5.3{3.5 X-MPURequest

X-MPURequest is used with the GET method to request a whole payloadized MPUArom a server. The
X-MPURequest field specifies the sequence number of an MPU that is being requested and the path in
the first line represent the asset name.

MPU SegNumber = 1*DIGIT
X-MPURequest = "X-MPURequest” ":" MPU SegNumber

Examgle:

GET /Packagel/Assetl HTTP/1.1
Host: test.mmt.com
X-MPURequest: 3

6.5.3|13.6 X-MPUHeaderRequest
X-MPUHeaderRequest is used with the GET method t6.request the MPU header which consists of non-

mdat| boxes from a server. X-MPUHeaderRequest:specifies the sequence number of an MPU whose
headér is being requested and the path in the firstline represents the asset name.

MPU SegNumber = 1*DIGIT
X-MPUHeaderRequest = "X-MPUHeadé&rRequest” ":" MPU SegNumber

Examgle:

GET /Packagel/Assetl HTTP/1l.1
Host: test.mmt.com
X-MPUHeaderRequest: 3

6.5.3]14 Response messages

6.5.3}]4.1 General

Table] 2 is a response header to the corresponding requests of MPU ID range, MPU header and MPU
contdnt.

Table 2 — Response header fields

Response header = X-MPUIDRange 7 0.5.3.24.2
| X-MPUHeader ;6.5.3.5
| X-MPUContent ;6.5.3.6

6.5.3.4.2 X-MPUIDRange

If X-MPUIDRange is used in a response, it specifies the range of the requested MPU IDs in the response.
Moreover, X-MPUIDRange could be used without the request as well. The length represents the total
number of chunks in the requested asset. If the total number of chunks is unknown (e.g. live media), the
length is set to -1. Each line in the response body consists of a sequence number of an MPU, name of the
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hashing algorithm and its MPU ID. The number of lines in the response body should match the range in
the X-MPUIDRange header.

Header format:
MPURange-specifier = MPU SegNumStart "-" MPU SegNumEnd "/" Length
MPU SegNumStart = 1*DIGIT
MPU SegNumEnd = 1*DIGIT
Length = 1*DIGIT
X-MPUIDRange: "X-MPUIDRange" ":" MPURange-specifier

Body Format:
MPU SegNumber Hash scheme Hash value (MPU ID)
MPU SegNumber Hash scheme Hash value (MPU ID)

Example:
HTTP/1.1 200 OK
X-MPUIDRange: 1-4/10
Content-Length: 48

1 SHA-1 2341242

2 SHA-1 2421245

3 SHA-1 2241244
SHA-1 1234124

6.5.3.5 X-MPUHeader

X-MPUHeader is a response header that specifies the MPU seguilence number, and payloadized| MPU
metadata is carried in the response body. This is used as a(pesponse to X-MPUHeaderRequest in the
request.

Header format:
MPU SegNumber = 1*DIGIT
X-MPUHeader = "X-MPUHeader" ":" MPU SegNumber

Body format:
Payloadized MPU metadata

Example:
HTTP/1.1 200 OK
X-MPUHeader: 3
Content-Length: 287909%

..ftyp.mp4l..mmpu..moov...
6.5.3.6 X-MPUContent

X-MPUContent is asresponse header that specifies the MPU sequence number whose payloadized full
content is carried’inthe response body. This is used in response to X-MPURequest in the request.

Header format:
MPU SegNumber = 1*DIGIT
X-MRUContent = "X-MPUHeader”" ":" MPU SegNumber

Bodysfermat:
Payloadized full MPU content in the response

Example:

HTTP/1.1 200 OK
X-MPUContent: 2
Content-Length: 2879097

.ftyp..mp4l..mmpu..
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6.5.4 MMT cache manifest

The data path for cache in video broadcasting over the Internet is illustrated in Figure 50. Directly
serving each end user from the originating CDN server is not feasible for several reasons:

computing power: the server computing power is limited, can only support a limited number of
concurrent connections;

out-going bandwidth: the original content server should have n x B out-going bandwidth to support

n users consuming video at bit rate B. For emerging high bandwidth applications like UHD, this
cpn easily eat up the bandwidth, e.g. B = 16 Mbps, to serve 1 000 user will require 16 G out-going
Handwidth.

end-to-end uncertainty: once the packet left the originating server, the current state of Internet
annot guarantee throughput nor delay, in fact, this is the uncertainty that will stay foralong time.

Q

Figure 50 — Cache in Internet video delivery

By utjlizing caches-at various places in the network, instead of serving the end user from the originating
servdr, cache hosts can do the job, with usually much shorter RTT and alternative delivery path that
may lhave lessiconhgestion.

Contgnt at'the originating server is well behaving and predictable, as it is becoming available linearly
over fitre. But for content at caches, such characteristics are not the case. Due to user behaviour, and
differentstart time of streaming, different cache may contaiim aifferent Segments of CONntent and with
different sub-representations (in DASH terminology) with different quality and QoS requirement. A
hypothetical simple case without fragmentation is illustrated in Figure 51.
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Figure 51 — Cache status

To facilitate cache-assisted streaming, at least the content start and end timestamp, {sk, ex} cu
playback timestamp, tk, need to be signalled. For the same segment, when different sub-representd

7(E)

rrent
tions

are available, their associated MFU index, resulting quality and QoS info need,to’be signalled, as similar

with the multiple operating points ADC case in streaming. The MMT <ache manifest is orga
around asset ids, and then for each asset, those segments that are present in the cache is list
timestamp/fingerprint. For each segment, a new data structure Segiment Manifest or SegMf c
introduced, which in turn consists of multiple Rate-Distortion Operating Points, each is repres
by MFU index, which references a flat mdat byte file and associdted QoS parameters, like averagg
peak rate, and QoE parameters signalling the spatiotemporal quality of the segment conforming {
ISOBMFF quality metrics. Notice that the MFU index is internal’to the cache operation and an API s
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hn be
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e 52.

be provided to retrieve associated MFUs from the cachehost. This sequence is illustrated in Figur
S1
| SegM'&\ ' RDOp 1:
= —e - MFU index
S E i \? ! - QoS parameters
2 w ﬁb Engz ‘ - QoE parameters
Asset ID % C ' :
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Figure 52 — MMT cache illustration
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6.6 Usage of ADC signalling message

6.6.1 General

This subclause provides MMT implementation information, what MMT sending entity should do and
MANE can do to gain a benefit from ADC message.

6.6.2 Operation in MMT sending entity

MMT|sending entity can send the ADC information of an Asset to MANEs and receiving entities by ADC
signallling messages. The ADC message is made from the ADC parameters by MMT sending entity\for
Assetls within an MMT packet flow.

To priovide more accurate information, MMT sending entity can update ADC message with-parameter
values that describes current Asset characteristics best and transmit it as tagged withewer version
valug The update of values in ADC message can be done periodically or aperiodicallyyand will be sent
by MMT sending entity. Then, valid period of updated version of ADC should alsode provided to help
MANE router estimate how long those ADC message is valid and meaningful.

headgr, such as peak rate and required buffer siz€s, etc., to MANE routers helping them expect delivery
chardcteristics in media level, so it can provide a bigger picture of delivery characteristics about an
Asset. By inspecting ADC messages, the MANETrouter can guess burstiness characteristics of each Asset
from[peak_rate and sustainable_rate fields'in advance, which is hardly provided by packet header. Then,
the MANE router can estimate how much buffers the MANE should secure to absorb burstiness of that
Assefl during validity_duration.

Morepver, the MANE router €an characterize actually required network resources based on the
corrgsponding updated ADClmessages for an MMT flow which is comprised of flow of multiple Assets.
In cape of the delivery of(AsSets having delay constraints, network resources between media source
and destination can bex€served based on its peak rate. However, it may result in inefficient bandwidth
usagé because fixed-bandwidth resource is dedicated to certain traffic while it is time-varying. The
MANE can estimate actually how much portion of those reserved resources will not be or is not being
used [from ADC ‘imessage. Then, the MANE can make use of those tentatively idle resource for other
traffics if available, by its own decision.

6.6.4| cExample operation in MMT receiving entities

The received ADC can help MMT receiving entities to estimate the amount of buffers they should
actually secure for each Asset (MMT subflow). As ADC information is provided with update, MMT
receiving entity can also be updated with new buffer sizes to secure.

6.6.5 QoE multiplexing gain and bottleneck coordination

When multiple video sessions are sharing a congested link, the situation is called bottleneck. Dealing
with bottleneck is the central theme of the multimedia transport, as when network is not congested, all
traffic QoS requests can be fulfilled, then there is no need for traffic engineering.
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")

Figure 53 — Bottleneck QoE multiplexing gain/problem

The problem is illustrated in Figure 53, multiple video traffics are.sharing a capacity-constrained
Zxk <C, which is smaller than the total throughput required’by the traffic, ZXk >C. The

k k
resource constraint, C, can be estimated and provided freni.some sort of network nodes. For exa

link,
total

le, it

can be an entity in the middle of the network such as{pouter in wired network environment casg and
cellular base station in wireless case, etc. How toadapt each individual video stream, to meef this

capacity constraint, while achieving the best QoE possible for all users is the objective. This prob
termed as QoE multiplexing gain problem.

em is
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Figure 54 — MANE-be&%d bottleneck coordination
xO

To coordinate the transmission of vid é?eams sharing, the bottleneck link, a new MMT function of
Bottlgneck Traffic Orchestrator (BTOQ)% introduced. The BTO reads the ADC information of each video
bitstfeam at the bottleneck and construct the rate reduction-distortion incurred table and compute the
pruning index for each video session. This is supported by the multiple operating point ADC supported
in MMT. Example of the rat ction-distortion (RD) table computed for the 4-s segments from the
nine yideo sequences illus@a d in Figure 53 are shown in Figure 55.

%\%
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Figure 55 — Temporal distortion.from frame drops and rate reduction plots

The syntax of signalling the rate-distortien trade-offs is specified in the MMT ADC; see ISO/IEC 23(

The MMT aware routers, which can-detect congestions and interpret the QoS/QoE operating poi
the ADC messages, will act as the:BTO. This is illustrated in Figure 55. The MANE node with MMT 4
router first detects the congestion from the transport layer, gives an estimation of the approx
throughput reduction rate'necessary to maintain QoS requirement and requests QoS operating |
from applications via ADE'messages. Upon receiving these operating points, a utility maximizatiq
gradient search is conducted to compute the optimal MFU drop for each application at the bottl
and to conduct thethinning at MANE node.

There are a number of strategies the BTO can apply to achieve QoE multiplexing gains at the bottlg
It can mininlize the average distortion from pruning streams. See Formula (8).

min ZDk (xk),s.t.,ZRk (x)<C
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where xi is the ADC operating point available for stream k, which is associated with a resulting f
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for each stream, {Dk(), Rx()}, are carried in the ADC of each stream. The optimal solution to the formula
above can be easily found by a search on the ADCs of the bottlenecked streams. Upon computing the
optimal operating points {x1", x2%, ..., x,"}, they are communicated to the bottleneck MANE node and
the streams buffered are pruned to avoid congestion. Simulations on bottleneck coordination are
performed on the nine sequences shown in Figure 53. The resulting playback indeed demonstrated the
graceful degradation of the quality when the bottleneck deficit increases, and in particular, the “easy”

sequences helping out “busy” sequences in sharing the bottleneck resources. Video clips are ava
for subjective evaluation.
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6.7 MMT deployment in Japanese broadcasting systems

6.7.1 General

The Association of Radio Industries and Businesses (ARIB) has published its standard STD-B60 “MMT-
based media transport scheme in digital broadcasting systems”, which describes the media transport
and multiplexing layers in broadcasting systems using MMT. It specifies the usage and extensions
of ISO/IEC 23008-1 for broadcasting services. The extensions include the MMTP packet header and

additfonal signalling information. Some of the signalling information used In the MPEG-Z TS-based
broadcasting systems has been transplanted to the MMT-based broadcasting system.

This subclause gives implementation examples of Japanese broadcasting system based on MMT,
6.7.2] Broadcasting systems using MMT

6.7.2{1 System structure

This pubclause describes the general structure of MMT-based broadcasting systems. Figure 56 shows
the protocol stack of MMT-based broadcasting systems.

Signalling

. ) Video | Audio Cc Application
Time | information

MMT Lo
UDP/IP

[P multiplexing scheme (Layer 2)

Broadcasting channel (channel coding & modulation)

Figure 56 — Protocol stack of MMT-based broadcasting systems

In th¢se systems, media components, such as video, audio and closed captions (cc) constituting a TV
progfamme, are encapsulated into Media Fragment Units (MFUs)/Media Processing Units (MPUs).
Theylare carried as MMT Protocol (MM'FP) payloads of MMTP packets and delivered in IP packets. Data
applitations that are related to a TV programme are also encapsulated into MFUs/MPUs, carried in
MMTP packets, and delivered in fP\packets.

IP packets generated like this' are multiplexed over broadcasting channels with an IP multiplexing
scherpe, also referred to'as a layer 2 (L2) protocol, e.g. the TLV multiplexing scheme described in
Recommendation ITU-RBT.1869.

The dystems alsohave MMT signalling information (MMT-SI). MMT-SI is signalling information on the
strucfure of a TV;programme and associated information on TV services like the Electronic Programme
Guidg (EPG)..MMT-Sl is carried in MMTP packets and delivered in IP packets.

In orflertof provide Coordinated Universal Time (UTC) in broadcasting systems, time information is
also délivered in [P packets.

6.7.2.2 Service configuration in a broadcasting channel

ISO/IEC 23008-1 specifies the MMT Package as a logical structure of content. The MMT Package includes
presentation information and associated Assets that constitute content.

A broadcasting service is generally a series of TV programmes. In MMT-based broadcasting systems,
one MMT Package corresponds to one broadcasting service. The relationship between the broadcasting
service and the MMT Package is shown in Figure 57. As shown in Figure 57, one TV programme is
distinguished from the rest of the service by its start and end times and corresponds to one event.
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Figure 57 — Relationship between a broadeasting service and MMT package

In ISO/IEC 23008-1, an Asset is defined as a media component. An Asset is equivalent to a serfes of
MPUs. In MMT-based broadcasting systems, one"TV programme is an MMT Package including dne or
more Assets and signalling information. A Rackage Access (PA) Message is an MMT-SI and the [MMT
Package Table (MPT) carried in the PA MeSsage identifies Assets constituting the TV programme.

Multiple MMT Packages can be delivered in one IP data flow as shown in Figure 57. Here, an IP datg flow
is defined as a sequence of IP packéts of which the source IP address, destination IP address, progtocol,
source port number and destjnation port number are the same combination. There may be other IP
data flows carrying content, for'download services or extended services in addition to IP data flows
carrying MMT Packages.

Multiple IP data flows ,might be multiplexed into one layer 2 stream. The layer 2 stream indludes
signalling information for demultiplexing IP packets from broadcasting signals.

6.7.2.3 Service configuration in broadcasting channels and broadband networks

ISO/IEC 23008-1 has been developed to support the delivery of media data over heterogeneous networks
including ‘broadcasting channels and broadband networks. In the MMT specifications, broadcgdsting
channels and broadband networks can be treated in the same way for delivery of content. Figufre 58
shows a service configuration using both broadcasting channels and broadband networks.

In Figure 53, video component I, audio component I and closed caption I are delivered on broadcasting
channels. In addition to these components, video component 2, audio component 2 and closed caption 2
are delivered on broadband networks.

In the broadcasting channels, the three components are multiplexed into one IP data flow and delivered
in one layer 2 stream since all transmitted information are delivered to all receiver terminals. On the
other hand, in the broadband networks, components are delivered as a separate IP data flow since each
component is delivered to the receiver terminal requesting it.
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In MMT-based broadcasting systems, media components delivered in different channels can easily be
included in one MMT Package. MMT-based broadcasting systems support hybrid delivery of multimedia
content.
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Figure 58 — Service configuration over both broadcasting channels and broadband networks

6.7.3] Media transport protocol

6.7.3|]1 General

MMTibased broadcasting systems\use the syntax and semantics of the MMTP payload and MMTP
packgt specified in ISO/IEC 23008-1. The extensions described below are applied.

6.7.312 Header extension of MMTP packets

ISO/IEC 23008-1 specifies a header extension in the MMTP packet. The header extension has three
fieldy: extension 4€ype, extension_length and header_extension_value. Although the header extension
can He used for\warious purposes, it contains only one piece of information. The multi-type header
exterjsion described below enables it to contain multiple pieces of information.

hea‘gtr_extension_value - When the extension_type field is set to 0x0000, this field has the structure
showmnin Table 3
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Table 3 — Structure of multi-type header extension

Syntax Number of bits Mnemonic

Header_extension_value {
for (i=0; i<N; i++) {

hdr_ext_end flag 1 bslbf
hdr_ext_type 15 uimsbf
hdr_ext_length 16 uimsbf
for (j=0; j<M; j++) {

hdr_ext_byte 8 bslbf
}
}
}

hdr_ext_end_flag - When this flag is set to “1”, this multi-type headeréxtension is the end of the h
extension. When this flag is set to “0”, this multi-type header extension is not the end of the h
extension.

hdr_ext_type - This field specifies the type of multi-type header extension. The value of hdr_ext
is specified in Table 4.

Table 4 — Hdr_ext_type values

Value Description
0x0000 reserved for futtire use
0x0001 reserved forsARIB STD-B61 (scrambling information)
0x0002 reserved for ARIB STD-B60 (download_id)
0x0003 - 0x7FFF reserved for future use

hdr_ext_length - This field sp€cifies the number of bytes of the following hdr_ext_byte field.

hdr_ext_byte - This field.provides information on multi-type header extension.
6.7.3.3 Encapsulation of multimedia data

6.7.3.3.1 General

In order to\improve the inter-operability of MMT-based broadcasting systems, the following consti
apply to-carriage of multimedia data in MMTP packets.

67.3.3.2 Encapsulation of video data

bader
pader

[ type

aints

6.7.3.3.2.1 MFU format for HEVC stream

When a High Efficiency Video Coding (HEVC) stream is carried in the MMT protocol, input to the

MMT

process is a sequence of Network Abstraction Layer (NAL) units. A NAL unit is encapsulated into an

MFU when an HEVC stream is carried in the MMT protocol.

If an HEVC encoder generates the byte stream format specified in Rec. ITU-T H.265|ISO/IEC 23008-
2:2015, Annex B, one start code prefix (0x000001) followed by one NAL unit is replaced with 32-bit
length information of the NAL unit (unsigned integer format). Namely, the NAL unit together with the

length information are encapsulated into one MFU.
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Figure 59 shows an overview of generating MMTP packets and MFUs from a sequence of NAL units
output from an HEVC encoder.

Access Unit
|
[ 1
non-VCL NAL unit VCL NAL unit
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MMTP packet #0 MMTP packet #1 MMTP packet #K MMTR packet #N

Figure 59 — Overview of packetization of NAL units of HEVC streanis

The duration of video MPU greatly influences the channel change time at the reéceiver terminal, since
the viideo stream is decoded and presented at the receiver terminal on,a per-MPU basis. In order to

reduge the channel change time, the MPU of an HEVC stream is construeted in Intra Random Access
Point|(IRAP) intervals.

6.7.3{3.2.2 Encapsulation of HEVC bitstream subsets

HEV({ supports temporal sublayer coding. One example is:that when a 120-Hz video is encoded, two
streajns can be generated: one is a sub-bitsream for 60-Hz video, the other is a bitstream subset for
120-Kz video. At the receiver terminal, 60-Hz video canbe decoded from the sub-bitstream and 120-Hz
vided can be decoded from both the sub-bitstream and the bitstream subset.

Figure 60 shows an overview of encapsulation 6f HEVC bitstream subsets. Note that this figure shows
displaiy order frame sequence. When an MMT, Package is made up of various media components, the
sub-Hitstream and the bitstream subset are ‘encapsulated into separate Assets. In Figure 60, the sub-
bitstteam is encapsulated into Asset 1 anid the bitstream subset is encapsulated into Asset 2. Since they
are spparate Assets, the access units.of Asset 1 and Asset 2 are carried in MMTP packets that have

differfent packet IDs.
MPU sequence number MPU sequence number MPU sequence number
= (n-l) =n = (n+1)
bitstrdam subset
for 129-Hz video

sub-Bitstreanr
for 6(-Hz video

packet ID=x {

packet ID=y { s%fgt

Figure 60 — Overview of encapsulation of HEVC sub-bitstream and bitstream subsets for

66

temporal sublayer coding
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The sequence number of an MPU that the access units of the bitstream subset belong to is identical to
the sequence number of an MPU that the access units of the sub-bitstream belong to in the same time
period. Assigning the same sequence number to both MPUs enables receiver terminals to easily identify
the MPUs that includes corresponding access units in the same GOP.

In the example shown in Figure 60, the decoding of Asset 2 depends on Asset 1. A Dependency Descriptor
stating that Asset 2 depends on Asset 1 is inserted in the asset_descriptors_byte field of the MP Table. In
addition to the Dependency Descriptor, an MPU Timestamp Descriptor and MPU Extended Timestamp

nacr‘ripfnr aro incnri—nd inthe asset dncrripfnrc byfn Fia]dc of bnfh Assot 1 and Asseot 2

6.7.3.3.2.3 Clean random access of HEVC bitstream (for SAP Type 3)

For enabling a clean random access of SAP Type 3 in HEVC bitstream, the following operation in syftem-
level is recommended.

When a random access occurred at the random access point with a Clean RandomyAccess (CRA) of BLA
(Broken Link Access) picture in an HEVC bitstream, the associated RASL pictures are discarded|from
the HEVC bitstream before being fed into an HEVC decoder. The NAL units of the CRA/BLA and the
RASL pictures can be identified by NAL unit type (NUT), which is signalled in NAL unit header (NUH)
or in HEVCDecoderConfigurationRecord of HEVCConfigurationBox défined in Reference [5]. When the
NUTs of NAL Units at the random access point are CRA, the variable,HandleCraAsBlaFlag of the HEVC
decoder is set equal to 1 or the NUHs of the NAL Units of the CRACpicture are rewritten by changing the
values of NUTs from 21 to 17 in the HEVC bitstream. This is because the CRA picture should be haphdled
as a BLA picture in the HEVC decoder, when a random access‘has occurred. The decoded picture huffer
(DPB) of the HEVC decoder is refreshed before the CRA/BLA picture is decoded.

6.7.3.3.2.4 Fastrandom access of HEVC bitstream'(for SAP Types 2 and 3)

For enabling a fast random access of SAP Types.2’and 3 in HEVC bitstream, the following operatjon in
system-level is recommended.

Whenarandomaccesshasoccurredatarandomaccess pointwithanIRAP picture, the presence oflepding
pictures is inspected by parsing the NUTs of NAL units associated with the IRAP pictures in the HEVC
bitstream. The NUT is signalled innNAL unit header (NUH) or in the HEVCDecoderConfigurationRgcord
of HEVCConfigurationBox defined-in Reference [5]. If the associated leading pictures are present |n the
HEVC bitstream, all the associated NAL units marked as RADL (NUT 6, 7) and RASL (NUT 8, 9) are
discarded from the HEVC bitstream. After the IRAP picture is decoded, the decoded picture of the[IRAP
is immediately displayed\by ignoring its original presentation time and repeatedly displayed until the
following trail picturé€ is presented. The decoded picture buffer (DPB) of the HEVC decoder is refr¢shed
before the IRAP picture is decoded.

According to ISB/IEC 23008-2:2015, 6.6.2.3.2.4, to support the use of HEVC bitstream with SAP tlype 2
or 3 for MPU;.the following operations should be done by MMT Server to create MMTP bitstream.

— Thewalue of the R field of MMTP packets carrying MFUs of the pictures preceding the first{I[RAP
pictare of a movie fragment in decoding order, the MMTP packets whose value of the mofie
fragment sequence number field is same with the value of the same field of the MMTP packets
carrying MFUs of the IRAP picture but the value of the sample number field is smaller thgn the

vatue of the same field of the MM TP packets tarryimg MFUsof the IRAP picture; s setto -
— The value of the R field of MMTP packets carrying MFUs of the IRAP picture of a movie fragment is
setto 1.

The following operation should be done by MM TP decapsulation buffer for each MMTP packets carrying
MFUs of HEVC bitstream; the value of the FT field is equal to 2 to support use of HEVC bitstream with
SAP type 2 or 3.

— Step 1: When the MMTP packets whose value of the movie fragment sequence number
field is different from the value of the same field of the preceding MM TP packets is firstly received,
such MMTP packets and all succeeding MMTP packets whose value of the R field is equal to 0 are
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immediately deleted from the MM TP decapsulation buffer and they are not delivered to the decoder
buffer until the MMTP packets whose value of themovie fragment sequence number field is
same with the value of the same field of the previously received MMTP packet but the value of the R
field is equal to 1 is received.

— Step 2: When the MMTP packets whose value of the R field is equal to 1 is firstly received as described
in step 1, such MMTP packet and all succeeding MMTP packets carrying MFUs belong to same AU
are processed by the MMTP decapsulation buffer and delivered to the decoder buffer.

— Sjtep 3: Afterreceiving MM TP packets, whose value of the R field is equal to 1 is processed as described
1 the step 2, all succeeding MMTP packets carrying MFUs, whose value of the movie fragment™
equence number field is same with the value of the same field of the MMTP packets describédin
he step 2, are immediately deleted from the MMTP decapsulation buffer and they are not delivered
p the decoder buffer until the MMTP packet, whose value of the movie fragment seguence
umber field is same with the value of the same field of the MMTP packets descrihedyin the step
but the value of the dep counter field is 0, is received. Such MMTP packet is atso-immediately
eleted from the MMTP decapsulation buffer and it is not delivered to the decoder buffer.

tep 4: After receiving the MMTP packet whose value of the dep counterfieldis 0 as described in
he step 3, following operation to all succeeding MMTP packets carrying’MFUs whose value of the
ovie fragment sequence number field is same with the value ofthié same field of the MMTP
ackets described in the step 3 are applied.

o ll=EE i) Q. DN 3 o o p =

- If the value of the £ i field of the MMTP packet is equal t600, all data units of such MMTP
packet whose value of the dep counter field is 0 is immediately deleted from the MMTP
decapsulation buffer and they are not delivered to the-de¢oder buffer until any data unit whose
value of the dep counter field is not equal to 0 is foland.

—+ Ifthe value of the £ i field of the MMTP packet,is'not equal to 00, then this MMTP packet and
all succeeding MMTP packets are stored in;the MMTP decapsulation buffer and not process
until the MMTP packet whose value of the £ 1 field is equal to 11 is received. If MMTP packets
whose value of the £ 1 field is equal to @1 is received and whose value of the dep counter
field is equal to O, then all packets stored in the MMTP decapsulation buffer whose value of
movie fragment sequence ntmber field and the value of the sample number field is
the same with such packet are imimediately deleted from the MMTP decapsulation buffer and
they are not delivered to the decoder buffer.

+ Ifthe value of the £ i field of the MMTP packet is not equal to 00, then this MMTP packet and
all succeeding MMTP (packets are stored in the MMTP decapsulation buffer and not process
until the MMTP packet whose value of the £ 1 field is equal to 11 is received. If MMTP packets
whose value of tHe £ 1 field is equal to 11 is received and whose value of the dep counter
field is not equal®to 0, then all packets stored in the MMTP decapsulation buffer whose value of
movie fradgment sequence number field and the value of the sample number field is
same with.such packet are processed by the MMTP decapsulation buffer and delivered to the
decoder\buffer.

6.7.313.3, VEncapsulation of audio data: MFU format for MPEG-4 AAC and MPEG-4 ALS

Whe S o
is carrled in the MMT protocol 1nput to the MMT process isin the form of elther LATM/LOAS stream or
a data stream.

The Low Overhead Audio Transport Multiplex (LATM) includes an audio channel configuration and
provides multiplexing functions for audio data. The Low Overhead Audio Stream (LOAS) provides
synchronization for audio data. When an audio encoder generates a LATM/LOAS stream, one
AudioMuxElement () specified in ISO/IEC 14496-3 is encapsulated into one MFU.

When an audio encoder generates a data stream, a Raw Data Stream is encapsulated into one MFU.
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6.7.4 Signalling information

6.7.4.1 General

There are three kinds of MMT signalling information: message, table and descriptor. Some of the
signalling information specified in ISO/IEC 23008-1 is not used in broadcasting systems. This subclause
summarizes the signalling information essential to broadcasting systems. Additional signalling

information may be used in broadcasting systems.

6.7.4.2 MMT signalling information messages

6.7.4.2.1 List of MMT signalling information messages

Table 5 shows the list of messages.

Table 5 — List of messages

Message_id Specified in br(l)]:g - st-
Message name assi ni;nc_ent Description ISO/IEC in
g 23008-1
systems
Is the entry point of MM T-
Package Access (PA) 0x0000 signalling information. X X
Message C
onveys one ofdnore tables.
Media Presentation Conveys.a presentation
Information (MPI) 0x0001 - 0x000F |, ysap X
information document.
Message
MMT Package Table _ Conyeéys a whole or a subset of
(MPT) Message 0x0010 - 0x001F an-MP table. X
Clock Relation _Conveys (.:lock-related
. information to be used for
Information (CRI) 0x0200 ine b he NTP X
Message mapping etween the N
timestamp and MPEG-2 STC.
Device Capability Conveys information on
Information (DCI) 0x0201 required device capabilities for X
Message the Package consumption.
Application Layer- Conveys configuration
Forward Error 0x0202 information of an AL-FEC X
Correction (AL-FEC) scheme to be used to protect
Message Asset.
Buffer Medél (HRBM) 0x0203 . y X
and memory requirement to a
Message .. .
receiving terminal.
Conveys the MPEG-2
Section-format table. Tables and
Descrintorsin MPEG-2 TS
MZsection Message UXoU00U b . A
based conventional
broadcasting systems can be
reused by this message.

6.7.4.2.2 Detailed specifications of messages

6.7.4.2.2.1 PA Message

The syntax and semantics of the PA Message are specified in ISO/IEC 23008-1.

© ISO/IEC 2017 - All rights reserved

69


https://standardsiso.com/api/?name=e3702c9710ae1f25099d4e1a236223cd

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	4 Overview
	4.1 System overview
	4.2 Normative parts
	5 MMT function deployments
	5.1 General
	5.2 Object reconstruction
	5.2.1 General
	5.2.2 Recovery in MPU mode
	5.2.3 Recovery in GFD mode
	5.3 Default assets
	5.4 Low-delay live streaming
	5.5 Parallel processing in MMT sending and receiving entities
	5.5.1 Processing in MMT sending entity
	5.5.2 Processing in MMT receiving entity
	5.6 MPU streaming for live services
	5.6.1 MPU packetization
	5.6.2 Sending of MPU and signalling message
	5.7 Fast MMT session acquisition
	5.8 Referencing and processing non-timed data
	5.8.1 General
	5.8.2 Resource grouping and referencing
	5.8.3 Receiver handling
	5.9 Media adaptation for quality control in MMTP
	5.9.1 General
	5.9.2 Parameters for media adaptation
	5.9.3 Adaptation operation of MMT entity
	5.10 Hybrid delivery in MMT
	5.10.1 General
	5.10.2 Classification of hybrid delivery
	5.10.3 Technical elements for hybrid delivery
	5.11 Example of detailed implementation of MMT
	5.11.1 Use case: Combination of MMT and MPEG-2 TS for synchronized presentation
	5.11.2 Use case: True real-time video streaming over lossy channel
	5.12 HRBM signalling for hybrid delivery
	5.12.1 Hybrid delivery from the single MMT sending entity
	5.12.2 Hybrid delivery from the multiple MMT sending entities
	5.13 Error resilience in MMT protocol
	5.14 Delay-constrained ARQ
	5.14.1 General
	5.14.2 Delivery-time constrained ARQ
	5.14.3 Arrival-deadline constrained ARQ
	5.15 Application layer forward error correction (AL-FEC)
	5.15.1 FEC decoding method for ssbg_mode2
	5.15.2 Usage of two-stage FEC coding structure
	5.15.3 MPU mapping to source packet block
	5.15.4 FEC for hybrid service
	5.16 Delivery of encrypted MPUs
	5.17 HRBM message updating
	5.17.1 General
	5.17.2 HRBM message sending schedule
	5.17.3 Use case
	5.18 MMTP packet with padded data
	6 Use cases for MMT deployment
	6.1 General
	6.2 Delivery of DASH Presentations using MMT
	6.2.1 General
	6.2.2 Delivery of the MPD
	6.2.3 Delivery of the data segments
	6.3 Client operation for DASH service delivered through MMT Protocol
	6.3.1 Delivery of MPD with MMTP
	6.3.2 Delivery and consumption of DASH Segments with MMTP
	6.4 Hybrid of MMT and DASH over heterogeneous network
	6.5 MMT caching for effective bandwidth utilization
	6.5.1 Overview of MMT caching middlebox architecture
	6.5.2 Content-based caching of MMT media
	6.5.3 MPU sync protocol between server and caching middlebox
	6.5.4 MMT cache manifest
	6.6 Usage of ADC signalling message
	6.6.1 General
	6.6.2 Operation in MMT sending entity
	6.6.3 Operation in MANE router
	6.6.4 Example operation in MMT receiving entities
	6.6.5 QoE multiplexing gain and bottleneck coordination
	6.7 MMT deployment in Japanese broadcasting systems
	6.7.1 General
	6.7.2 Broadcasting systems using MMT
	6.7.3 Media transport protocol
	6.7.4 Signalling information
	6.7.5 Start-up procedure of broadcasting service
	6.8 Conversion of MMTP stream to MPEG-2 TS
	6.8.1 Overview of conversion operation
	6.8.2 Restrictions to MMTP packets
	6.8.3 Calculation of PTS, DTS
	6.8.4 Restriction related to MPEG-2 T-STD
	6.8.5 Packet field conversion rule
	6.8.6 PSI conversion rules
	6.9 MMT service provisioning at conventional broadcast environment
	6.10 Usage of multimedia configuration for interface switching management
	Bibliography

