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2015(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Part 13: MMT implementation guidelines [ Technical Report]
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Introduction

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

— guidelines on usage of MMT functions;

— guidelines on deployment use cases designed based on ISO/IEC 23008-1.
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Information technology — High efficiency coding and
media delivery in heterogeneous environments —

Part 13:
MMT implementation guidelines

1| Scope
This part of ISO/IEC 23008 provides technical guidelines for implementing and ‘deploying systems
balsed on ISO/IEC 23008-1.
2 | Normative references
The following documents, in whole or in part, are normatively referenced in this documerlt and are
inglispensable for its application. For dated references, only the edition cited applies. Fof undated
references, the latest edition of the referenced document (including any amendments) applies
ISP/IEC 23008-1:2014, Information technology — High “efficiency coding and media dplivery in
heterogeneous environments — Part 1: MPEG media transport (MMT)
3| Terms, definitions, symbols and abbreviated terms
For the purposes of this document, the (terms, definitions, symbols, and abbreviated [terms in
ISQ/IEC 23008-1 apply.
4 Overview
4.1 System overview
This subclause describes the exemplary but typical system overview of MPEG Media Transpdrt (MMT)
as|shown in Figure 4
THe media origin provides A/V media or generic files to MMT sending entity in the form of P4qckages or
Agsets which-are defined in ISO/IEC 23008-1. A Package is comprised of Assets, Presentation Information
and Transparent Chanrateristics, etc. Physically, an Asset is a group of MPUs or generic files.
The MMJT' sending entity fragments MPU/generic files and generates MMTP packets to ddliver A/V
mediadata itself. Concurrently, it also generates signalling message for the successful deljvery and
presentation of A/ V media included on that MMTP packet flow.
e ..Qciésﬁ;ﬁff ™
/ ™
Media Origin
- "
A/
Figure 1 — Example of MMT-based media distribution chain
© ISO/IEC 2015 - All rights reserved 1
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The MMT Aware Network Element (MANE) may be any network element, such as, media caches and
routers, that aware of MMTP and has augmented functions for its own purposes to utilize tools from MMT.

Then, MMTP packets can be transmitted through either or both of broadcast channel and broadband
channel at its own environment and scenarios.

The CI information provides presentation information, such as the location of media objects, as well as
the timing 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 MMTP packet flow to the MMT receiving
entity. It means it fully controls the media streaming session, i.e. it manages the on-time delivery,

l b k o d o ool Jopm ol ol o c oot o T o bt o ol o e a o
p ay aC cesyvy LblllPUl (Al/ OP“LI(AI Pl COCIITUALIVIT TTTITUT TTIAUIVIT UL UIIv IT1ICUId,.

4.2 Normative parts

ISO/IEC 33008-1 specifies a set of tools to enable advanced media transport and delivery servicgs.
Figure 2 |depicts the end-to-end architecture and illustrates the different functional‘tools and thgir
relationships. Moreover, it shows interfaces between existing protocols and standatds defined |by
ISO/IEC 23008-1 and those defined in other specifications. The tools spreadcover three differgnt
functionall areas, Media Processing Unit (MPU) format, delivery, and signalling defined in ISO/IEC 230(8-
1 are as follows.

edia Processing Unit (MPU) defines the logical structure of média content format of the dgta
units|to be processed by an MMT entity and their instantiation with ISO Base Media File Format{as

elivery function defines an application layer transport protocol and a payload form
MTP transport protocol provides enhanced featutes for delivery of multimedia data, 4.
iplexing and support of mixed use of streaming dnd’“download delivery in a single packet fld
The payload format is defined to enable the carriage of encoded media data which is agnostic
medip types and encoding methods.

S Sqm

— Thesjignalling function defines formats of sighalling messages to manage delivery and consumption
of mgdia data.

MMT Sending Entity MMT Receiving Entity
Package
" vy T o {1 Media
Assat ' | !'Presentation
Engine

Signaling | Signaling _
— —3
Function + M Function | |

Delivery | Delivery
“ Function |

auduf uonaIngsuoday elpa

____________________________

- . Referenced at ISO/IEC 23008-1

Figure 2 — MMT functions deployment
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Other aspects, such as client implementations for media reconstruction and presentation itself are not
defined as normative parts of ISO/IEC 23008-1.

5

5.

MMT function deployments

1 Overview

This Clause gives implementation guidelines on general MMT deployment based on basic functionalities
provided by MMT standard itself. This Clause intends, in particular, to guide implementers to make

besst use of the specification for the basic topics such as, but not limited to the following:

MMTP is designed to deliver object flows that may be niultiplexed together in the same M]
THe objects of an object flow are usually related to each other, meaning that the application i
co

D¢

th
re

The MPU mode is used to deliver MPUs*and usually operates on movie fragments. Alterna
ap

It

5

\%
single object in the object flow and shares the same packet_id as all MPUs of the same asset.

The MMT receiwing entity performs the following steps.

a)
b)

‘)
d)

)

.2 Object reconstruction

2.1 Overview

.2.2 Recovery in MPU,mode

low delay media consumption;
media adaptation;
hybrid delivery;

error recovery.

MTP flow.
s likely to

hsume all objects of an object flow, if the flow or ene of its objects is of interest to that appli

fuest that correctly received contiguous/dyte ranges of the object are forwarded to the app

[plication may request that each received MFU is forwarded to the application without additic
may also require that the complete MPU be reconstructed prior to forwarding it to the appli

hen operating in thesMPU mode, the object flow consists of MPUs of the same asset. Each

Receiye\MMTP packet.

CHegk if packet_id is equal to the packet_id of the object flow of interest, discard packet
step a) if it does not belong to an object flow of interest.

ation.

pending on the delivery mode, the recovery ofthe object might differ. The GFD mode usually requires
ht the full object is recovered prior to its delivery to the application. However, the application may

ication.

fively, the
nal delay.
cation.

MPU is a

and go to

Assert that type of the MMTP packet is MPU.

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

1) if fragmentation flag is equal to “11”, attempt to recover packet and if successful go to step f, or

2) add packet to the list of packet fragments based on the MMTP sequence number and go

to step a).

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

extracted data unit.

If object map with same MPU_sequence_number does not exist, create new object map for the MPU

with that sequence number.

© ISO/IEC 2015 - All rights reserved
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g)

Check fragment type (FT) of the MPU payload header.

1) IfFT is MPU metadata
)

check if MPU metadata is already received
aa) ifyes, discard the MPU metadata as being a duplicate, or
bb) insert MPU metadata at the beginning of the object map

— optionally, forward MPU metadata to application.

1]

2) 1

i)

FFT is Fragment metadata

FT is MFU

Go to step a)

Check if movie fragment with the same movie_fragment_sequence_number-already exis
aa) if no, create a placeholder for the movie fragment in the object map,‘or

bb) check if Fragment metadata has already been received.

— ifyes, discard fragment metadata as being a duplicate, or

— insert fragment metadata at the beginning of the fragment placeholder

cc) Gotostepa)

If fragment placeholder with sequence number movie_fragment_sequence_number dd

es

not exist in the object map of the MPU with:sequence number MPU_sequence_number, thien

create movie fragment placeholder in the'object map of the MPU.
If timed metadata flag is set

aa) insert payload in the fragnient placeholder in the correct order based on the samp
number and offset values,

bb) check if movie fragiient is complete, and

— Ifyes, forward-fragment to the application

cc) go to step(a).

If timed metadata flag is not set

aa) .insert payload in the item in the object map based on the item item_ID,

bb) recover item information from MPU metadata for the recovered item and forward t
item to the application, and

he

cc) go to step a.

The sender may send the movie fragment out of order, i.e. sending the movie fragment header after
sending all the media units that are contained in that movie fragment. At the receiver side, step g.3.i
ensures that the movie fragment is recovered appropriately by reordering the received data using the
MPU_sequence_number and the movie_fragment_sequence_number. This is necessary if the receiver
is operating in the Fragment mode or MPU mode, where only complete movie fragments or complete
MPUs are forwarded to the application. When operating in the very low delay mode, the receiver will
forward every single MFU to the application. In this case, it has to make sure that the content supports
this operation, so that MFUs will be self-describing and self-contained. In particular, the receiver should
be able to recover the presentation timestamp of that MFU payload using the sample number, fragment_
sequence_number, and MPU_sequence_number.

4
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For fragments and items that cannot be recovered correctly by the time the fixed end to end delivery
delay passes, error concealment is performed on the movie fragment or the partially recovered item.

5.2.3 Recovery in GFD mode

When operating in the GFD mode, the object flow consists of a set of related files. The files of the same
object flow share the same packet_id. The application forwards each recovered file or contiguous byte
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 packef and goto
step a if it 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 TQI.
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 tp forward
sufficiently large contiguous byte ranges whenever they.are recovered correctly.

g)| If complete TOl is recovered
1) extract metadata from the transport objeetor from the GFD table, and

2) forward file to the application.

5.8 Default assets

Injorder to cater for basic receivers with limited processing capabilities and also to facilitate fagt channel
tuhe-in, an alternative and simple, way for service consumption has been devised that car function
without the need for more advanced and highly demanding presentation information solutionjs (such as
HTML 5). It is of course not:possible to achieve the same level of service complexity and richjness with
the basic solution but it edables receivers to quickly tune in to the channel and, if needed, to cpmpletely
avpid processing the complex presentation information.

MMT provides the tools to identify default service components and to enable the receiver to consume
them in a synchronized manner by processing the MMT signalling information. Defau|t service
components are‘usually the main video stream together with the default audio stream.

An MMT xeceiver that wants to achieve fast tune in or wants to bypass processing the prgsentation
information checks the MP table for the MMT package of interest and identifies the assets of fhat MMT

packdge that are marked as default assets. It then starts receiving and reconstructing the defdult assets
bylm | st _ fon_i | metadata

information as a starting point for the reconstruction. The MPU header is necessary as it delivers the
information about the used media codecs and any applied encryption.

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

If the MMT receiver decides later on to consume the presentation information, it might stop relying on
timing information provided in the MP table and use the presentation information instead.

© ISO/IEC 2015 - All rights reserved 5
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5.4 Low-delay live streaming

MMT streaming is based on the MPU concept, which in turn, is an ISO-based media file format
(ISOBMFF) with certain restrictions. However, the usage of the ISOBMFF can give the impression of
high end-to-end delay, which might seem not suitable for live broadcast. This is however, not true. This
subclause shows how low-delay live streaming may be performed using MMT.

Live streaming requires real-time media encoding and transmission of the encoded media to a set
of receivers. In such scenarios, end-to-end delay has a significant impact on the perceived quality by

the end u

Ser.

Media Media
Processing/ Formatting/
Encryption Packetization

Media
Encoding

After med
according
case of M

MPU mode, which is the most ap

to start p
optimize
delivery g

The MPU
on the M
way simi
encapsula
as shown

, @ .
Figure 3 — Example of a broadcast scenario

ia encoding and any other related~&‘ocessing (such as encryption), the media data is formatt
to the transmission protocol i@se and the packets are then sent down to the receivers. In t
MT, MMTP is the transport pretocol used for media streaming. MMTP operates on MPUs in {

late mode for streaming. Theoretically, MPU should be complet
hcketize it and send to client. However, in real implementation, there are ways to furth

f MPU before co tion of generation of MPU.

PU size. PU is streamed progressively as soon as media data becomes available if
ar to streaming. Each media unit, such as an AVC NAL unit or an AAC audio frame
tedinto an MMTP packet that also contains the MPU payload header. The MMTP packet log
i ure 4.

mode 0%&15 designed to operate in a very low delay mode and without any restrictid

ed
he
he
ed
er

generation of MP d packetization of it to minimize delay by starting packetization apd

ns
a
is
ks
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Eigure 4 — MMTP packet

can be seen from the packetiheader, all fields of the packet can be generated immediat]
eaming server, i.e. no need to-delay the transmission of the media unit. In particular, the fie
gment_sequence_number, sample_number, and offset of the media unit in that sample are

priori for each media unit, even before generation of the complete movie fragment. The pr
p_counter fields may be decided based on the encoder configuration parameters. Most of
coder predefines.encoding structure, how many P-frames will be coded between I-frameg
iny B-frames will be coded between I-frames and P-frames, before starting encoding. Therd
jority can bg:assigned for the NAL Units containing intra coded macroblocks; dep_counter

sed on the‘coding structure. If multi-path encoding is performed at the encoder, such con
uld be-altered during actual encoding process to improve encoding quality. However, in

fualcoding structure is known before the last path which generates final compressed data. ]

th

ely at the
ds movie_
11 known
jority and
the case,
and how
fore, high
fan be set
iguration
that case,
'herefore,

b precise dependency structure can also be known before encoding of each video frame is ¢

bmpleted.

The MPU metadata is a data which would need to be sent before transmission of compressed media
data for 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.

© ISO/IEC 2015 - All rights reserved
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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 mov

ie_

fragment_sequence_number) is first collected progressively to build the mdat box. Finally, after
reception of the movie fragment metadata, the fragment can be recovered fully. Any missing media
data will be corrected by either marking it as lost or fixing the movie fragment metadata appropriately.

This operptienmedeisveryeleseto-thatef RIP e aderstresintal-end-to-end-delay
maintaing the characteristics of streaming an ISOBMFF file in a generic and media independent way.

Another jmportant aspect needs to be considered for low-delay streaming, in particular, breadcj
applicatign is using very short duration for MPU. In a broadcast application, the clienp needs
quickly find a starting point of decoding. To support it, conventional broadcasting seryice repeatec
transmitg initialization information for decoder and use very short duration for-GOP. In MMT,
each MPU is self-contained, by defining the length of MPU as the period of repetition of decod
initialization parameter in conventional broadcast application, delay can be maintained same as t}
of convenltional broadcast application.

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

5.5 Parallel processing in MMT sending and receiving éntities

5.5.1 Processing in MMT sending entity

MMT protocol performs parallel generation , ofs* MMTP flows and signalling messd
generatiop/processing. The data packet processing.part of MMT protocol performs the packetizati
of the meglia data using either the MPU mode for MPUs or the GFD mode for generic files. The generat
source dgta is encapsulated into MMTP packéts and transmitted to transport layer. The signalli
message generation part of MMTP processés CI, ADC, and other data from the MMT package a
encapsulgtes them into signalling messages‘and packetizing and passing them to the transport layer.

MT Application

' |
' |
I Package |
' |
jp— | :
I GFD Mode MPU Mode |
[ P = S N S | __
Data MPUs CLADG,
y vy vy fragments YVvYy v
MMT Protocol |
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)

A Signaling messages

MMT Packets
v v packets

Transport layer

Signaling messages
sending/receiving
A

Data packets sending |

Network Packets

Network Packets Data channel

Figure 5 — MMT sending entity structure
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More detailed architecture of data packet processing part of MMTP is presented in Figure 6. MMTP
packets are stored in separate buffers for each data flow after their processing with the help of data
flow controller. After that, these MMT packets are passed to the corresponding MMT FEC scheme for
protection. Each MMT FEC scheme returns repair symbols with repair FEC payload IDs and source FEC
payload IDs. After that, the repair symbols are packetized into FEC repair packets and passed to the
transport layer. The identification of each FEC encoded flow and specifying of FEC coding structure and
FEC code are provided by the FEC configuration information.

FEC source packets and their FEC configuration information for each data flow are passed to the
corresponding MMT FEC scheme for protection. The MMT FEC scheme uses FEC code(s) for the repair
sy[mbot generation. 1 hen, FEC SOUTCe and repair packets are detivered to the MM T Teceiving gntity.

The data flow controllers of MMT sending entity may perform both encapsulation and“packetization
functions.

MMT Application
MMT Assets i FEC Configuration
* Informatioh
MMT Protocol FEC Codes
Data packets processor MMT EEC
Framewaork
Controllers Buffers Encoder
| 1" data flow|| | 1%source Source MMTPs | [ 1S{MMT FEC » FEC Code fofr
controller [T*|| flow buffer [Tf  Repair symbols Scheme |™ 15 source flow
I FEC payload IDs
il 2" data flow]| s/ 279 source Source MMTPs (5 20 MMT o/ FEC Code for2 !
controller [T flow buffer [T Repair symbols FEC Scheme| sourceflow
FEC payload 1Ds
. M-1t% data flow| | » Squrce MMTPs | | Nt MMT »| FEC Code for NP
4 14~ :
controller N source [[] Repair eymbels | | FEC Scheme/~ sourceflow
L | M™ data flow ||y flow buffer
controller [

¢ MMT packets

Transport Layer

[P

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

5 | H H Ixz3 anditz
[l 0 blll.ll.y

MMT protocol performs parallel processing of MMT packet data flows and generation/processing of
signalling messages. The data packet processing part of MMT protocol receives MMTP packets from
the transport layer and transfers them into the corresponding data flow processor. Each data flow
performs recovering of lost FEC source packets and then passes them for Generic Object Reconstruction
or/and MPU Reconstruction, which happens in parallel. The signalling message receiving part of MMTP
processes incoming signalling message packets and passes them for signalling message reconstruction.
The reconstruction of generic objects and MPUs from different assets and of signalling messages is also
performed in parallel.
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Figure 7 — MMT receiving entity structure

At MMT rgceiving entity, MMT protacol passes each FEC source flow and its associated FEC repair flow|(s)
to the coffresponding MMT FEC-scheme. After passing of flows to the MMT FEC Schemes, each of given
schemes returns recovered seuirce MMT packets. MMT packets are stored in separate buffers for each dta
flow and processed by separate data flow controllers. The outlined architecture is depicted in Figure 8

Data flow|controllers efMMT receiving entity unite functions of de-capsulator, de-packetizer and de-jitter.
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controller N" source | 35823;;0‘;&0%% FEC Scheme | sourceflow
| || M™ data flow || pb flow buffer
controller |
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Transport Layer
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Figure 8 — Architecturefor 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: timed data and non-timed data. MMTP|supports
streaming modes,where the streaming mode is optimized for packetized streaming of ISO Base Media
File formatted 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
frggment building block helps to prepare for the packetization of an MPU into MMTP padkets. The
prpcess of creating the MM TP packet passes by two steps: generating the MMTP payload and generating
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
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 building block C)&
&
5.6.1.2 |MMT broadcast sending procedure for low latency %O

When considering the low latency requirement of broadcastingé«‘vices, the broadcasting system mlay
consider reducing the delay resulting from both the transmission and the reception procedure, whiile
also consfdering the requirements on random access t broadcast channel. In order to supp¢rt
this use dase, the MMT receiving entity has to also receive the related presentation information. The
MMT sengling entity may also consider sending the s%&ling information periodically during the MPU
delivery gs shown in Figure 10.

%
Broﬁé\g time line
N >

5.6.1.2.1 MPU sending procedure

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

as

the following two cases.

The first case is that the delivery data unit is MPU. Fragmentation indicator contains information
about fragmentation of data unit in the payload, especially boundary information of delivery data
unit. When the MPU is delivery data unit, the MMT receiving entity prepares the reconstruction
of MPU in MMT delivery layer. The fragmentation indicator indicates MPU metadata is the first of

delivery data unit. The MMT receiving entity can wait to reconstruct the MPU until the
indicator which indicating the last of it is detected.

fragment
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bans when an MMT receiving entity randomly ac
will meet the MPU directly rather than signalling%n sage. In that case, MMT sending entity
b signalling message behind the MPU, to mak of those received MPUs.
this case, we can make our channel prog&@ instance is initialized as soon as possible.
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In this case, the MMT receiving entity can process the reconstruction of each type of
unit in MMT delivery layer for fast processing of delivery data and managed bufferr,§§t S

N

4

b.1.2.2 Signalling message sending procedure

henever an MMT receiving entity wants to present media resources in MP@it needs tor
ated signalling messages as soon as possible after joining a broadcast c el.

Her to minimize the channel switch time as short as possible, th@equency of sending the
r-MPU basis, N\

wever, there can be the time interval between consecutiv sin MMT broadcast, which ¢
fresponds to the length of MPU playing time. Usuallyg\ alling messages are much sm
PUs. Therefore, the sending time of signalling mg is trivial compared to that of the

pceive the

e channel reception can only be initiated after getting the related Rresentation Informati¢n (PI). In

CI can be

ffectively
hller than
MPUs. It

es the service, it is very highly probaple that it

can send

Figure 11 — Signalling message behind the MPU

5.6.2 Sending of MPU and signalling message

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

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

© ISO/IEC 2015 - All rights reserved

13


https://iecnorm.com/api/?name=5f6377752705cd97474674e9b95468b9

ISO/IEC TR 23008-13:2015(E)

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
between consecutive MPUs.

Case 1:

In this case, normally, the first MPU received is not complete MPU because the MMT receiving entity
couldn’t receive packets transmitted before it joins the channel. In order to initialize the media player,
it needs a complete MPU; therefore, it needs to wait for the next one whole MPU data to arrive. In that
case, the expected wait time before media player initialization, AT can be calculated as Formula (1):

AT ={T1+ T2+ T3 1)

where

T1 i§the residual time to finish receiving first MPU since MMT receiving entity joins to the char
nfel;

T2 i§ the time interval between two consecutive MPUs which is brought byth€ length of MPU
playing time;

T3 i§ the receiving time of the next first MPU (because the signalling’'message sending time is
very short compared to that of MPU, we may not consider it).

Access Point

MPU A MPU B

-" h

J
K i I |

Broadcast time line

>

Figure 12 — Random access in the middle of MPU (case 1)

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

In MMT pIrotocol, the payloads are generated according to the description shown in Figure 13.
[

ftyp mmpu moov moof mdat | eee ees moof I mdat

Fragment MEU | e | e oo MEU Fragment

metadata metadata MFU || MFU | === ++- MFU

MPU metadata

Figure 13 — MMTP Payload generation
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In this case, only one moof is included in one MPU. So MMT receiving entity can classify all packets
as three categories. First category belongs to MPU metadata. Second category belongs to fragment
metadata and third category belongs to MFU. MFU is considered as a (sub-) sample of media.

Access Point

MPU A ] l [ MPU B
J k Packet Packet M Packet
N~

\ J J | Q
1 2 3 ’()/V
] ! Lo

Packet Packet B Packet M Packet

\)

Figure 14 — Random access in the middle of Interva‘q:(base 2)
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terminals with the highest probability. Then the waiting timtﬂ\\%uld be as given in Formulja (2):

(2)

In|this case, the first MPU received should be a co@p ete MPU. The total waiting time should pe part of
TZ and whole T3. It should be as given in Forn}%?\(S):
AT < T2+ T3 < 3

. R

5./ Fast MMT session acquisition

In|multimedia streaming envitonment, user switches between media which are very huge $ize when

they are consuming the gc;’Qgénts. In such scenarios, low-delay session acquisition has a dignificant

impact on the perceived quality by the end user.

MMT streaming is d on the MPU concept, as well as other kinds of data (e.g. media dlata itself

and signalling ges) being fragmented and multiplexed into a sequence of MMTP packets for
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Figure 15 — Structure of MMTP-packet

MMTP packet header, the fields of RAP_flag (R/ 1"bit) and type (6 bits) can be used for fast

The RAP._fflag indicates that the payload contains,aRandom Access Point (RAP) to the data stream|of
that datatype. The exact semantics of this flag are defined by the data type itself. The RAP_flag shoyld
be set 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 njetadata, signalling message or fsames which are containing i-frames.

The type jndicates the type of payload data, i.e. MPU, generic object, signalling message. As one mqre
further step when MMTP packet ingludes MPU data (type=0x00), MMT receiving entity can also find qut
whether it has MPU metadata by checking MPU Fragment Type (FT: 4 bits) which is in payload header
indicating the fragment type‘as defined in ISO/IEC 23008-1:2014, Table 4.

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

dg is(set to “0”, it means corresponding MMT packet contains no high priority random accéss

If RAP_fl
e MMT recelvmg entlty can be dlscard the MMTP packets w1th0ut RAP flag set to “17 f

efficient bu
MMT receiving entlty situation.

5.8 Referencing and processing non-timed data

5.8.1 Overview

MMTP provides a mode for the grouped transmission of non-timed media resources, such as resources
of a web site. This mode facilitates the referencing, reception, and consumption of media resources
that are closely related. For instance, a receiver that is consuming a web site 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
sender decides to encapsulate these related resources and send them together.

THe MMTP sender sets the MP table according to the following rules:

—| identifier_type of the identifier_mapping syntax element is set to 0x01;

—| 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 for the
corresponding asset;

—| asset_type is set to “mmpu”.

It then creates the MPU by setting the primary resource ag~the primary item of the MPU and the
remaining resources as additional items. The sender shouldetall resource metadata, such a$ URL and
MIME type of the resource as part of the item informatiorbox.

THe presentation information is authored to refereneethe primary resource.

5.8.3 Receiver handling

Based on the information received as par¥ of the presentation information, the receivdr detects
a referenced resource. It builds the URL for that resource and requests the MMTP receivel to make
that resource available. The MMTP receiver checks the MP table to locate the asset that cafrries that
repource. It finds out that the assetis of type “mmpu” and lists the URL of the requested rgsource. It
then uses the packet_id of that asset to receive and reconstruct the MPU.

Orlce the MPU that contains.thé primary resource is reconstructed, the receiver extracts all gmbedded
refources together with their metadata and makes them available to the application, e.g. throfigh a web
carhe. The applicatiomrequesting the primary resource will later find all related resources| available
and quickly accessiblefrom the cache.

5.p Media adaptation for quality control in MMTP

5.9.1 ©Overview

Thissubclause shows how MMT protocol can transmit media streams adaptively to enyironment
changes such as network congestions, wihile 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 ISO-based media file format (ISOBMFF).
To transmit the MPU, it is fragmented and packetized into MMTP 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 numb

the priority of the MFU relative to other MFUs within a MPU and dependency_counter indicates
er 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.

593 A

daptation operation of MMT entity

When MMT sending entity transmits media streams to MMT receiving entity, there can be the cases
that MMT sending entity can intentionally skip some portion of it. For example, MMT sending entity

can know
feedback.
other net
media mi

MMT sen
MMT sen
and depe
should dr
priority a
and MFUs

MMT sen
intention
wait MFU
receiving
through ¢
to set is_g
side, whe

5.10 Hyl

5.10.1 O

This sub
hybrid ne

Hybrid de
over mor

[ poor network condition or lack of resources in MMT recelving entity side through some
Then, MMTP packets will be dropped anyway according to network condition by MANE|or
wvork entities if there’s no adaptation operation. In streaming service case, omission,ef some
bht not affect critically to user experience.

ling entity can skip transmission of some MFUs to accommodate to network/condition. Tihe
ling entity needs information to decide which MFUs they need to omit. In(that case, priorjty
ndency_counter can provide the priority information between MFUs..MMT sending entjty
pp MFUs with the lowest priority and highly independent from other MFUs first by comparing
nd dependency_counter. For example, MFUs including RAP information will high priority value

corresponding [-frame will have dependency_counter value.

ding entity also has to announce to MMT receiving entity. side that some of MFUs dre
hlly dropped. If that information is not provided to MMA Teceiving entity side, they will
s which is intentionally omitted or try to request agairk, When is_complete is set as “0”, MMT
entity should recognize there are more than one missing MFUs and should reconstruct MPU
urrent MFUs without requesting MFUs in that MPU, For that reason, MMT sending entity Has
omplete as “0” to acknowledge current MPU has.some missing MFUs to MMT receiving entjty
n some MFUs are omitted intentionally.

brid delivery in MMT

verview

Clause provides MMT implementation information when MMT Assets are delivered pn
tworks.

livery in this subclause is'defined as simultaneous delivery of one or more content components
e than one differenttypes of network. One example is that one media component is delivered

on broad
other exa

rast channels and’the other media component is delivered on broadband networks. The
ple is that ene-media component is delivered on broadband networks and the other media

component is delivereéd*on another broadband networks.

5.10.2 C(]assification of hybrid delivery

Basic conicept’of hybrid delivery is to combine media components on different channels. However,|in

practice, there are several scenarios for hybrid delivery. The classification can be classified as follows.

— Live and non-live

— C
— C

ombination of streaming components (Figure 16)

ombination of streaming component with pre-stored component (Figure 17)

— Presentation and decoding

— C

18

ombination of components for synchronized presentation (Figure 16)
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— Combination of components for synchronized decoding (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 In this sentence, the case in which another-format component is encapsulated into MMT-
format is excluded.
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Figure 16 — Combination of streaming componentsfer-presentation
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Figure 17 — Combination of streaming component with pre-stored component for pregentation
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Figure 18 — Combination of components for decoding

Sof-ealled seamless switching can be categorized into hybrid delivery of streaming compdnents for
PreSEMtation SITCce SWITCITITIZ COMPONENtS 15 PosSibie Wiem botit components are syncnronized for
presentation.

5.10.3 Technical elements for hybrid delivery

While many types of information are specified in MMT Signalling Messages and MMT-P], the following
three types of information are mainly required for hybrid delivery:

— MMT Asset information;

NOTE When an MMT component is combined with another-format component, the latter component
may neither be an Asset nor an MPU.
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— information on spatial relationships among media components;

— signalling message for media consumption.

The following clauses provide 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

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

5.11.1.1 |MMT Asset information

In order tp identify the type and location of media components of MPEG-2 TS in broadcast channels, t
following|signalling messages are required in MMT in broadband networks:

— MMT [general location information syntaxin MP table

This syntpx specifies the address of a media component of MPEG-2 TS inbfeadcast channels. In the c3
of combination with MPEG-2 TS in broadcast channels, MPEG-2 TS loc¢ation is used.

A typicall example is to identify network id (16 bits assigneéd by SDO), MPEG-2 transpor
stream |id (16 bits assigned by the operator), and MPEG-2 PID-{13 bits assigned by the operator).
using these IDs, a media component in broadcast channels ¢air-be identified

5.11.1.2 |Information on temporal relationships among media components

MPEG-2 TS components have timestamps basedcont STC. MMT components have timestamps bas
on UTC. To synchronize these different types of timestamps in MMT and MPEG-2 TS, Clock Relati
Information messages are required.

— ClocH Relation Information messagé)can carry a set of STC sample and NTP timestam
samgle that are identical timing:

At an MMT compliant receiving éntity, the STC based clock in MPEG-2 TS can be converted to the w

—n

n

he

se

=

clock basgd on UTC by processing the Clock Relation Information. An MMT component in broadband

networks|and an MPEG-2 FSicomponent in broadcast channels are presented in synchronized manr
since both components gan-share the same time domain as wall clock.

er

Fipure 19, tie mair ATION 1S COMposed O & Droadca OWeETr and 4
broadcast services are provided to any broadcasting service using the hybrid delivery.
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Broadband
?roadrcast Server
(é)l\gvpe PHY) (TCP session)

MMTR packet MMTP packet

Cllgiib;l bl.)dllibil

Station

Figure 19 — Single station for hybrid delivery

THe consideration of broadcast tower and broadband server is transmitter of MMTP plackets 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, also can send thesMMTP packets with Spanish audip streams
for secondary audio for the main channel through broadband channel. In this case, the MMT receiver,
the broadcasting tower and the broadcast server thfeugh the news program about the English and
Sprnish audio by selecting the alternative may be réceived.

In|the above case, those MMTP packets are comiposed of each MPU that has the same prgsentation
tithe for rendering and sending the same time to leave from the station with same timestamp of MMTP
packet header. 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 40.

ﬂ AL-FEC |tl+x+SE De-jitter t1+x+SZ+z |

buffer

broadcast

[t | ——[t1+a | AL-FEC | Ltl+a+b De-jitter [ t1+a+b+c |

buffer
broadband

Figure 20 — HRBM buffers

Each HRBM has AL-FEC decoding buffer and De-jitter buffer. AL-FEC decoding buffer is used for
recovering from the loss of MMTP packets in the network while the De-Jittering buffer removes the
jitter of MMTP packets from the network. The goal of HRMB structure is provide the constant delay of
the delivery system of the MMT receiving entity for synchronized play-out of the media data.

However, 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 that the MMTP packet remains in the de-jittering buffer in broadcasting channel. The broadband
channel also has lost of their MMTP packet, different arrival time of MMTP packets and corresponding
to de-jittering buffer time in broadband channel.
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For synchronized play-out of the media in Hybrid delivery, the value of t1+x+y+z needs to be equal to
tl+a+b+c.

The MMT Asset corresponding to the content set by each component, the play out delay (D) is determined
by the value of the MMT sending entity through 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 as the sum of Formula (4):

D = max (xl, X2, X3, ) + AL-FEC protection window time 4)

specified [from max_transmission_delay in HRBM message, AL-FEC protection window time is occurred
the AL-FHEC decoding processing is performed on the window interval. (i.e. AL-FEC protection |wind¢w
time of A[L-FEC encoding and decoding unit performs the FEC packets corresponding to.the blockl is
the first qf the packet including the transmission time of the packet being sent and the-FEC packets|of
a packet block containing) Finally, a transmitted MMTP packet including the AL-FEG-and transmission
delay timg is defined as the maximum value.

Here, x1, [x2, x3 to the nature of the transmission network delay including the propagation delayJEy

The “fixed end-to-end delay” is specified the maximum value in HRBM signallirig'message for the hybyid
delivery njetwork through multiple delivery paths to the MMT receiver for MMT receiving packets fr¢m
the MMT kending entity within the same service corresponds to the MMT receiver’s output timing.

5.12.2 Hybrid delivery from the multiple MMT sending entities

As showr] in Figure 21, it illustrates the multiple stations usedfor the MMT services. The station 1| is
composed of the broadcast tower while the station 2 has atlgast one of the broadcast servers that dre
provided to any broadcasting service using the hybrid delivery.

Broadband
_Elfcr)s\?edrcast Server
(BBP, PHY) (TCP session)

MMTP packet

spanish
english

Station 1

\\\\\\\ = a1t e +2 0 o 0 b~ 4 : ; kL V1 N W1 P N

VERWEE- VY] ~ V-V
ATy T oo rC cZraroro T ATy T2 VWITCTOTAT oy - o Lo C

Figure 21 — Multiple stations for hybrid delivery

This also considered the broadcast tower and broadband server is transmitter of MMTP packets to
distribute to the multiple MMT receivers.

In this case, the presentation time of the MMTP packet is the same but the sending of the MMTP packet
is different.
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[f]— ] ALFEC | [imwry | Degiter [ibmmyes |
urrer

broadcast

(2 | t2+a | n pec |[2+a+b|Deitter | t2+atb+c |

huffer
broadband

X+y+z = a+b+c t2+a+b+c =tl+x+y+z where x!= a, y!= b, zl=c
t1 for broadcast = time when the MMTP packet leaves MMTP (ayer
t2 for broadband = time when the MMTP packet leaves MMTP layer

Figure 22 — Multiple HRBM buffers

The “fixed_end_to_end_delay” is pre-defined the time for censidering the delay including prppagation
delay time between the MMT sending entity and the MMT receiving entity. The “fixed_end_to_ehd_delay”
is falculated by the summation of the “max_transmission_delay” and “FEC_protection_windoy_time”.

The HRBM message, as described above, is based onthe structure of the first use case in this contribution
acfording to the maximum transmission delay is.defined value for each of the MMT receiving entity to
Ddg-jitter buffer, the play-out of the time can be:adjusted.

T_de_jitter_out_time = ts + alpha

Hdre, ts is the timestamp of the received MMTP packet in MMT receiver wherein the timedtamp can
be| calculated by the MMTP packet-sending timing for transmission delay. Then, “fixed_enf_to_end_
delay” can be defined as a value.in HRBM message. Based on ts and alpha which calculated by max_
transmission_delay corresponding to network B, in this case, alpha is corresponding to the fjxed_end_
to]end_delay, MMT receivingentity can control their playout time for synchronization.

In|the above example, the delay of transmission A is relatively smaller than B. The MMT sendjing entity
send to the initial setting in broadcasting channel and MMT receiving entity can analyse th¢ network
trgnsmission deldays and jitter in the transmission network B is larger than A. Here, “max_trangmission_
delaly” as specified in HRBM message by the service provider corresponds to this trapsmission
chpracteristic-of B in the hybrid delivery network. The HRBM message may be sent periodically or if
sept by component content, may be transmitted by a specific event.

Cnsequently, De ]ltter Buffer ofA and the De ]1tter buffer of B, respect1vely, accordlng to the fixed end-

ionldelay can
be controlled the play out time WlllCll has the same Value between the final output (P:t1 +x+y+7z)of
De-jitter buffer of A, and the final output (Q ‘t2 + a + b + c) of De-jitter buffer of B.

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 the following three different payload fragments for error resilience purpose.

— 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 of the
whole MPU. The MPU mode allows to mark the packets of the MPU metadata (usually only one or a
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few packets), so that the client can clearly identify them and recognize if it has received it correctly.
To provide for random access and enhance the probability of receiving the MPU metadata, the sender
should send the metadata repeatedly and periodically throughout the transmission time of that MPU.

Fragment metadata: this information contains the “moof” box and the skeleton of the “mdat” box.
This metadata provides information about the sample sizes and their timing and duration. This
information is important for all media samples of the current fragment. However, it can be possible
to recover from loss of fragment metadata and it is also possible to send it out of order. The sender
may deliver the fragment metadata repeatedly and interleaved with the packets that contain the
media samples of that fragment to increase the probability of correct reception and to enable
rand¢TT access Inside a movie fragment.

MFU:lan MFU contains a media unit from a sample of a particular movie fragment. The MFU also
provides enough information such as the sample number, the fragment sequence numper,and the
posit]on inside the media sample to position the media unit on the timeline and inside the “mdat”
box. [t may also contain information about the importance of that media unit férythe decoding
procgss. Based on thatinformation, the sender, as well as intermediate MMT entities;may undertake
appropriate steps to enhance error resilience respective to the priority and impoptance of the medlia
unit. A media unit from a SAP is, for instance, more important than a mediaunit for which there dre
no degpendencies.

One of MMTP’s advantages is its ability to enable error robustness at théteéceiver side by enabling the

client to recover from packet losses and still generate a compliant MPY\when needed.

When thd MPU metadata is lost, the client should keep any correctlyteceived data from that MPU urtil

a new coply of the MPU metadata is correctly received.

When a Hragment metadata is lost, the client should use-information from previous fragments abqut
the sample durations to correctly reconstruct the lost “moof” box. It uses information from the receivied
MFUs to lecover the movie fragment segment numbern. The offsets of the media data may be recoverfed
later using the start of a fragment as the baseline and the sample number and MFU sizes to reconstryct

the “mdat” box as well.

When an|MFU is lost, the loss can be discovered at the receiver based on the gap in the sequer]ce
numbers.[The missing MFU is replaced by anull value array in the “mdat” box, if at least one MFU of the

same medlia sample has been received correctly. If the complete sample is lost, the space occupied [py

that media sample may be removed ¢completely and the information in the containing chunk, the “trupn”,
should bq edited appropriately to adjust the sample duration of the previous sample and the sample

offsets of|the following samples: Figure 23 shows an example of such processing.

24
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Figure 23 — Fragment recovery after packet loss
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5.14 Delay constrained ARQ

5.14.1 Overview

:2015(E)

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

5.14.2 Delivery-time constrained ARQ

livery time of the MMT packets from MMT réeceiving entity to MMT sending entity by su
estamp in packet header from the NTP time'at arrival instant of the AF message.

enfd_to_end_delay since its very first@riginal transmission, it will decide to transmit the
acket; otherwise, it will give up to+etransmit it.

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 2
depdline denotes the maximum tolerable latency for the requested retransmission packet tq
the receiver, Afithe retransmitted packet arrives later than arrival deadline, even if the pack
infact, it isTegarded as useless and discarded.

an request

of media

| deadline is

ver, fixed_
server to

of HRBM,
rger than
ed before

e whether
b do that,
expected
btracting
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4, arrival
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Figure 24 — Operation of the arrival-deadline constrained ARQ

the above analysis, when the receiver detects the 1955 of packet, the receiver sends A
to the sender and then the sender performs the following arrival-deadline constrained
ion decision

RQ

-

If (RTT

Else

Sender retransmits the requested lost packet to the receiver;

Sender decides not to transmit theé requested lost packet to the receiver;

< arrival_deadline)

In Figure
quality fe
delay (Df]
ARQ feed
feedback

5.14.3.2

There ca
preferend

24, the RTT (round-trip time)-can be obtained a priori at the sender side by using the receptil
edback (RQF) message/ Eor more accurate estimation of the RTT, up-to-date ARQ feedba

value can be informed to the sender by enclosing ARQ feedback timestamp (T4pgg) into t
pack message. Using-the ARQ feedback timestamp, T4r¢, the sender can obtain up-to-date A
delay (Dr). Andthis updated Dfvalue can be used to compute up-to-date RTT.

Example. of €alculating arrival-deadline

on
ck
he

RQ

e of\the service provider. This subclause shows one way to do that. The arrival_deadline

be obtain

n be_warious ways to calculate arrival-deadline depending on the service scenarios e;f‘d

ed at the receiver side by considering the remaining amount of safely arrived packets in

n
e

receiver buffer when the ARQ feedback message is prepared for sending. Figure 25 shows an example of
calculating the arrival_deadline value at the receiver.
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(2) Amount of data safely stored
in the receiver buffer D, bits

(3) Average bitrate of the MMTP
packet stream: B4 bitssecond

(4) Arrival deadline for the lost packet:N
T,=D;/B,,, (seconds)

Figure 25 — Example of calculating arrival_deadline at the receiver

Affer detecting packetloss, the amount of data safely stored in the receiver buffer, D, is obtaing

p:lzkets before the current lost packet N were also lost, Dg can be calculated considering the {

kets that are safely received prior to and<fellowing the previous lost packet from an af
int of view. Then, by using the average bitrate of the MMTP packet stream, arrival deadli
t packet N, Ty, is calculated as given in Formula (5):

T,= DS/Ban (seconds)

Figure 25, with the available'amount of packets in the buffer, the client can continue the pre
lighly for the duration of,7; (arrival-deadline). The requested retransmission packet shox
til the arrival-deadline Tj.

5.15 Application layer forward error correction (AL-FEC)

.15.1 FECdecoding method for ssbg_mode2

d.If some
uccessive
firmative
he for the

(5)

sentation
h1d arrive

is subclause provides recommendations for the FEC decoding method when MMT emp

dlgorithm,

but deals w1th only the method to choose a proper unlt of data for FEC decodmg Thls sectlon provides
some guidelines of FEC decoding unit and a method to choose a proper unit.

5.15.1.1 Source symbol block format for ssbg_ mode2

In ssbg_mode2, source symbol block (SSB) usually consists of MM TP packets of variable sizes. Figure 26
presents an example of SSB for ssbg_mode2 which is built of six MMTP packets having distinct sizes.
More precisely, the six MMTP packets and some padding data (e.g. all 00h) have been placed into the
SSB. Note that any MMT packet should be started at the first byte of a symbol element in SSB. The role

of

padding data may be regarded as adjusting the start point of MMTP packets.
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The columns of SSB in Figure 26 correspond to the source symbols of size T [bytes] which is composed
of N(=4) symbol elements of size T/N. In other words, the SSB consists of K(=13) source symbols of size
T, i.e., K*N(=52) symbol elements of size T/N(=T/4). Furthermore, an SSB can be divided into N regions
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 recommended FEC decoding method later.

K

» o

oo

Region - 1

5.15.1.2

Region - 2

Region - 3

Région - 4

Al

- Padding Data

Figure 26 — Example of sour¢e symbol block

Regionalization of source symbol BlockAfor FEC decoding

First, assyume that the second and fifth MMTP packets in Figure 26 are lost, i.e. two MMTP packets 3

not receiy
cannot ac

ed in the MMT receiving entity sidésWhen an MMTP packet is lost, the MMT receiving ent

re
ty

guire its boundary information inthe SSB since its source FEC payload ID and size informati

are also lpst. In other words, the MMT reeeiving entity cannot acquire the information on the start a

end posit

on
d

ons of MMTP 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
For exam
elements
entity car

may be 6 and 37. After rebuilding the SSB from received MMTP packets, the MMT receivi
ries out the EEC-decoding process to recover the lost MMTP packets.

the start position of the MM TP packet in SSB in terms of the symbol element for ssbg_mod¢2.
ple, the start positien of the second and fifth MMTP packets in Figure 26 in terms of symipol

g

28
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Figure 27 — SSB rebuilt when 2 MMTP-packets are lost

THhe unit of data used during the decoding process canbe cthanged according to decoding requirements,
e.g. decoding complexity, latency and performance.of érasure recovery, etc.

Forr the first example, Figure 28 presents the FEC€ decoding method based on source symbgl unit. To
cafry out the decoding process based on source Symbol, SSB in Figure 28 should be interpretdd into the
SSB in Figure 28. It is easily checked that any-source symbol including lost MM TP packet is regarded as
a Ipst source symbol. Consequently, the rebuilt SSB has seven lost source symbols and therefofe, at least
seyen repair symbols are required to_recover the lost MMTP packets perfectly.
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Figure 28 — FEC decoding based on source symbol unit

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 elements
unit. Here, two-symbol element means a virtual unit for two-symbol elements bonded in each divided
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region. To carry out the FEC decoding based on multiple symbol elements, a regionalization step is
required. After rebuilding the SSB from received MMTP packets in Figure 26, the SSB should be divided
into two regions as depicted in Figure 29. One region consists of Region-1 and Region-2, and the other
consists of Region-3 and Region-4. Next, any two-symbol element including lost MMTP packet is
regarded as a lost two-symbol element.

Consequently, one region and the other of SSB in Figure 29 have six and five lost two-symbol elements,
respectively. Therefore, at least six 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 should also be transformed into repair two-symbol elements for FEC decoding.

In general, the erasure patterns of two regions are different in case of FEC decoding based on multiple
symbol elements unit. Therefore, the preprocessing for FEC decoding (e.g. Gaussian elimination] shoyld
be appliedl to each divided region in SSB, i.e. two distinct FEC decoding processes are carried out. This
causes anlincrease of decoding complexity compared with FEC decoding based on source symbol, whiile
the performance of erasure recovery can be improved for the given repair symbols sincethe number] of
erasures |s reduced. Note the number of erasures and their positions for the first and-second exampl|es
are differpnt.

=
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Region-1 L2423 2-symbol elements
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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 this cafe,
the SSB should be divided into:four regions as depicted in Figure 30. The four regions are the same
as Regior]-1, Region-2, Region:3, and Region-4 in Figure 30. Furthermore, each region has five, for,
five, and five lost symbol.elements, respectively. Therefore, at least five repair symbols are required|to
recover the lost MMTR, packets perfectly. Finally, FEC decoding is carried out with a proper amount| of

applied toe D e D : ;
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 of
erasures is reduced. Note that 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 elementinit

5.15.1.3 How to choose a proper unit of data for FEC decoding

Ad previously described, the number of erasures depends onthe unit of data for FEC dedoding, as
depicted in Figure 31. It is clear that the smaller the unit is, the-less erasures are induced. On|the other
hand, the larger the unit is, the smaller decoding complexity is induced. Therefore, it is recommended
to[choose symbol element for the best FEC performance’ and choose source symbol for th¢ smallest
deicoding complexity as the FEC decoding unit.

Hqgwever, if there is not much difference for the filumber of erasures among the FEC decoding nits, it is
better for FEC decoder to choose the larger théunit as possible since the effect of decreasing cpmplexity
is more dominant than that of degrading the performance, i.e. the performance degradation might not be
critical. At this point, the number of erasurés-for each unit can be a measure to choose a proper upit of data
for FEC decoding. More precisely, after.counting erasures for each FEC decoding unit by several counters,
compare their values and determine a‘proper FEC decoding unit based on a predetermined seleftion rule.
For example, if the difference between the numbers of erasures for two decoding units is larger than a
predetermined threshold value,the FEC decoder chooses a smaller unit; otherwise, a larger unit.
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Figure 31 — Example of counting erasures for each FEC decoding unit
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5.15.2 Usage of two stage FEC coding structure

5.15.2.1 Overview

For error resilience timed and non-timed data delivery service, MMT AL-FEC scheme based on block
(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 and source packet block length, K. For given packet loss
rate and on given loss model, the greater K it is, the lower overhead it requires for target FEC recovery
performance while the longer delay it introduces 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 memory it requires.

Usually, Alsset for timed data requires low delay under reasonable FEC recovery performance and As
for non-timed data does not allow any loss and these delivery characteristics about requined’QoS
delivery of Assets are described in MMT-ADC. For this, Asset for timed data is delivered and protect
with relafively smaller encoding symbol block to support low delay and Asset for non-timed data
delivered| and protected with relatively greater encoding symbol block to get higher FEC recove
performance and lower FEC overhead. Therefore, Case 2 of two stage FEC coding structure is used
delivery gervice of hybrid contents which requires two different QoSs, such as A¥-and File data.

On the other hand, when Asset for timed data such as AV streaming delivery service is multicast

broadcast), some end-users (User Group A) of the multicast (or broadcast)‘group can be under relativ
good chahnel condition (e.g. 1 % packet loss or random packet los§))and the others (User Group
can be urjder relatively bad channel condition (e.g. 10 % packet lass or burst packet loss). For this
is preferable that the Asset be delivered and protected with reldtively smaller encoding symbol blg
to provide low delay service to User Group A and with relatively greater encoding block to provi
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reasonable FEC recovery performance to User Group B,-Therefore, Case 2 of two stage FEC coding

structurelis 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 ty
stage coding structure, the MMT HRBM is extended to multiple Assets which are protected as

FEC sourge flow. The HRBM messages for all Assets in an FEC source flow should be determined

considerihg whether FEC2 decoding is applied;to each Asset or not.

Figure 32|depicts HRBM block diagram:fap two stage FEC coding structure. MMTP packets (FEC souf
or repair packets) for both Asset A and/Asset B are passed to both FEC 1 and FEC 2 decoding buffer. Af
FEC 1 dedoding, MMTP packets forAsset A are passed to de-jitter buffer for Asset A and the recover
source symbols are passed to FEC' 2 decoding buffer. Then, if MMTP packets for Asset B are not s
recovered yet, MM TP packets'for Asset B after FEC 2 decoding are passed to de-jitter buffer for Asset]
Otherwisp, without FEC 2, decoding MMTP packets for Asset B are passed to de-jitter buffer for Asset
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Figure 32 — HRBM block diagram for two stage FEC coding structure
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5.15.2.2 Use case: Hybrid contents delivery

When hybrid contents, which consists of Assets (Video and Audio for timed-data and File for non-timed
data), are delivered, each Asset is packetized in MMT payloads and the packetized MMT payloads for
the Assets are multiplexed on MMT packets to be a single FEC source flow (a sequence of MMT packets
for the Assets). The single 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, Assets for timed-data are recovered by using FEC 1 decoder in the split
source packet block units to prov1de low delay service and Assets for non-timed data are recovered
byrusingboth FEctdecode ; yare andFEC2decode rsottjce packet

In|order to support this use case, the MMT sending entity should send HRBM messages as follows.
For each Asset for Video and Audio, the value of fixed end to end delay field is calqulated by
summing of max transmission delay and protecion ‘window time for’FEC1. On [the other
hand, the value of fixed end to end delay field for File Asset is calculated by summing of max
t ansm1551on_delay and prote01on_w1ndow_t1me for FEC 2. Notéythat the MMTP packets
delivering Assets for Video and Audio can be recovered by FEC 2 decoder, but those packets njay not be
usged in MPU reconstruction process.

5.15.2.3 Use case: Streaming multicasting (or broadcasting)te.two different end-user groups
which is under two different channel conditions each other

When AV contents, which consists of Assets (Video and “Audio for timed-data), are multicast (or
brpadcast) to two different end-user groups who are under two different channel conditions ¢ach, each
Agset is packetized in MMT payloads and the packetized MMT payloads for the Assets are mfiltiplexed
on MMT packets to be a single FEC source flow (a‘sequence of MMT packets for the Assets). The single
FHC source flow is segmented into one or moresource packet blocks and each source packgt block is
prptected by Case 2 of two stage FEC coding structure.

Dyring 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 off reducing
pawer consumption and User Group*B, who is under relatively bad channel condition, redovers the
Agsets by using FEC 1 decoder in.the split source packet block units and FEC 2 decoder in souice packet

5.15.3 MPU mapping to source packet block

5.15.3.1 Overview

Ar} MMT FEG seheme 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 RacKkets. 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 spurce and
repairpackets.

In order to recover lost MMTP packets, the FEC decoding needs to collect sufficient number of encoding
symbols from FEC source and parity packets. An MPU could be de-packetized only after the FEC decoding
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. Therefore, MMT needs
a strategy for mapping MPUs to source packet blocks to prevent unintended delay in MMT 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 MM TP packets, and these
MMTP packets are mapped to source packet blocks. In this process, a source packet block contains one

© ISO/IEC 2015 - All rights reserved 33


https://iecnorm.com/api/?name=5f6377752705cd97474674e9b95468b9

ISO/IEC TR 23008-13:2015(E)

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 cases to minimize the decoding delay.

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

s

Figure 33|show examples for the three cases for “Aligned MPU mapping to source packet block (SFB)’lin
case of thpt FEC source flow consists of MM TP packets for a single Asset. In this figure, “Case 1'Ex.” isfan
example for Case 1, “Case 2 Ex.” for Case 2 with N = 2 and “Case 3 Ex.” for Case 3 with M = 2!

MPU boundary

MMT Asset . H (i-1)th MPU ith MPU (i+1)th MPU W e
I I & I backetinati I I
acketization
I I I { I
FEC source MMTPs for (i-1)thlif MMTPs for ith MMTPs fof MMTPs for
flow o MPU MPU (i+1)th MPY (i+2)th MPU T

| | | Mapping to SFB | |

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

Case 2 Ex. e jth fPB (+1)th SPB .
Case 3 E @i-3)¢th f @s2)th | 2i-Dth [l 2ith [ 2i+Lthl 2i+2)th [ (2i+3)thl 2i+4)th
ase s bx. N spB SPB SPB SPB SPB SPB SPB spB

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

ed MPU mapping to source packet block can be easily extended to the cases where an FEC

. Some"MPUs in different Assets can have close relationship and be multiplexed and th
d dsa‘unit. Let us refer to this kind of set ofMPUs as group MPU (GMPU). Then, in the encod'
process of s of a
single GMPU. More pre01sely, the MMTP packets from the Assets are mapped to source packet blocks in
one of following three cases to minimize the decoding delay.

— Case 1: A source packet block only contains a complete set of MMTP packets packetized from a
single GMPU of the Assets.

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

— Case 3: A source packet block only contains a complete set of MM TP packets packetized from M (>1)
GMPUs of the Assets.
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5.15.4 FEC for hybrid service

For hybrid services (e.g. primary Audio and Video broadcasting and secondary Audio multicasting
via broadband network) 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.

Broadband r\<o
Broadcast Server
Tower “l,

Cb’\(b |
o
(l
MMT pac@
A

S
¥

english

N\
Broadcast $\' Broadband

Tower A’\Q)

Server

Figure 35 — Broadcasting parity for broadband source

When the MMT sending entity wants to provide the broadband contents with fixed end to end delay
= D, the MMT sending entity creates HRBM message(s) with fixed end to end delay = D and maximum
transmission delay = D - F (F is FEC protection window time) and generates a repair flow to protect the
source flow of the broadband contents. In this case, repair symbols are generated as many as to be able
to recover the MMTP packets of each source packet block which may arrive after fixed end to end delay.

The following are examples:

— maximum delay of broadband network is 5 s;
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— 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 sto 5 s.
Then,

— MMT sending entity creates HRBM message with fixed end to end delay = 3 s and maximum
transmission delay = Z 5, and

— genellates repair symbols as many as to be able to recover 20 % of MMT packets (for thé souice
packgt block) which are assumed to arrive between 2 s and 5 s, based on FEC protection wind¢w
time F 1 s and the recovery performance of FEC code algorithm to be used.

broadcast

ﬂ AL-FEC |t1+a+b De-jitter tl+a+b+c |

buffer
broadband

Figure 36 — Jitter reducing mechanism by broadcasting repair

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

Then, FEL source packets for the source-packet block are delivered over UDP or TCP/IP throulgh
broadband network and the FEC repaifopackets for the repair symbols are delivered over UDP/IP
through Qroadcast network.

6 Use fases for MMT deployment

6.1 Overview

MMT stanidard for-specific purposes. This Clause intends, in particular, to guide implementers how M
specificatiion can be utilized or extended for the specific topics such as, but not limited to the followi

* =09

This Clauke gives implementation guidelines on specific deployment use cases and examples utilizﬂzl
g

— DASHower 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

When streaming a DASH presentation, e.g. over a broadcast channel, the HTTP protocol can no longer
be used. MMTP provides the necessary tools to support the delivery of a DASH presentation. A DASH
presentation consists of the presentation information (PI) (which is the MPD) and the data segments
(initialization and media segments).
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6.2.1 Delivery of the MPD

2015(E)

The MPD makes the core part of the Presentation Information of the presentation. The MPD is assigned
its own MIME type: “application/dash+xml”, which is used to identify the type of the Presentation.
The MPD is embedded in the MPI table, which in turn is delivered using the MPI message. The format
of the message may either be binary or XML. In case of XML format, the MPD is embedded using the
<I[CDATA[ ]]> encapsulation. The MPD updates are delivered using the same mechanism. The updates
are discovered by checking for the table identifier in signalling messages of that particular package.

The MPD is then used by the Cllent (DASH cllent) to drlve the presentatlon It is requlred that all

a
a

6.]

6.2.2.1 Delivery using the MPU mode

W
is
IS

THe initialization segment of the Representation is the MPU metadata and is marked app
during the delivery to ensure that it is recovered by the receitver. The MPU metadata has to be

re

able to recover it. The MPU mode provides the means for marking these important packets
e FT field to MPU metadata. Similarly, fragment metadata is important for every fragment apd should
algo be delivered repetitively to increase the probability of recovery.

th

Al

packet_id and MPU sequence number tojmark them. The mapping between the Represent

th
is

th
se

At

media segment needs to,berecovered appropriately and timely. It is then necessary for the r
belable to identify the Segiment boundaries and the segment information. This may be done in
following ways:

-o recovered by thelr segment avallablllty start time. Thls may be ensured by settmg dellver)
d the HRBM parameters appropriately.

p.2  Delivery of the data segments

mportant to note that the concatenation of all segments of a Representation results in a fr
DBMFF compatible file, which is equivalent to an MPU in MMT terms.

petitively to ensure that all clients, independent of the-time they join the session, will ulti

segments of a Representation are then marked as belonging to the same MPU by using

b packet_id and MPU sequence numberis provided by the Identifier_mapping syntax ele
provided in the MP table. The simiplest usage of the identifier_mapping in this case is t
e representation_id as provided in the MPD. Other approaches, e.g. using the URL templ
bments of that Representationiay be used instead.

the sender side, the data.is’delivered on movie fragment basis. However, at the receiver

a segment is.recovered by identifying its boundaries using the presence of the segment
(“sidx”)4rem the current and the following segment;

example, extracted from the “tfdt” box or the “sidx” box) and using the MPD to identify
segment that has the same starting time;

—delivered
r schedule

hen delivering DASH content using the MPU mode, each Representation is considered as gn MPU. It

hgmented

opriately
delivered
mately be
Dy setting

the same
ation and
ment that
D provide
hte for all

cide, each
bceiver to
pne of the

index box

a segment is recovered by checking the timestamp of the first sample in the movie fragment (for

he media

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.
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Figure 37 — Segment boundary detection

6.2.2.2

When usi
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the file (1
informati
the URL ]
the segms¢

6.3 Cli¢

6.3.1 Delivery of MPD with MMTP

For the a
table ()

6.3.2 Delivery and consumption of DASH Segments with MMTP

6.3.2.1

6.3.2.1.1

MMTP pr
delivered
applied ta

6.3.2.1.2

MPU mod
Segment
applied ta

Delivery using the GFD mode

hg the GFD mode, each segment of the DASH Representation is delivered as a regular file. T|
n between those segments may be established using the packet_id. The connection betwe

pn in the MP table. The most appropriate mapping in this case could be'the URL template

ent URL.

ent operation for DASH service delivered through MMT Protocol

pplication using MMTP for the delivery of DASH/sérvice, MPD can be received as an MP
with MIME type setto application/dash+xml.

Reconstruction of DASH Segments

Use of GFD mode

ovides GFD mode for the(delivery of any type of generic file. Any DASH segment can

reconstruct DASH Segments in this mode.

Use of MPU mode

reconstruct DASH Segments in this mode.

Caoncumniiaon-ofDACLL Cagiaand

6.3.2.2

as a generic file using the)GFD mode of MMTP. Reconstruction procedure described in 5.2.3 i

e of MMTR.s used to deliver MPUs. Therefore, MPU mode can be used to deliver a DAp
wvhen it also has “mpuf” as a compatible brand. Reconstruction procedure described in 5.2.4

he
en

ransport object) and the segment information is established using the.identifier_mapping

or

st. Based on that mapping, the TOI can be used to directly recover the.segment number apnd

be

6.3.2.2.1

3 <
CUTISUTITpP U UT DITOTT JCETITCITCS

Client with HTTP cache

If the client receiving DASH Segments over MMTP has an HTTP/1.1 cache, reconstructed DASH
Segments are consumed by the DASH client through the HTTP cache as shown in Figure 38. As soon
as complete DASH Segments are reconstructed, they are moved to the HTTP/1.1 cache, then the DASH
client receives DASH Segments through normal HTTP/1.1 Request/Response operations.

38
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Figure 38 — Client with HTTP cache
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the client receiving DASH Segments over MMTP does not have an HTTP/1.1 cache, reco
LSH Segments are consumed by the DASH client through special DASH Segments buffered
Figure 39. As soon as DASH Segments are reconstructed they are moved t§ a-DASH Segme
which stores DASH Segments with associated URLs as shown in Figure 40.-Associated URL
pments can be found from a GFDT when GFD mode is used or from ag’mmpu box when MP
ed. The DASH Client in this case looks in the DASH Segments Bufferto find an appropriatg
using a URL as an index for the search. There may be more than one representation deliy
e DASH Segments Buffer, each comprising different data rates;lévéls of video quality, and rd
h DASH Segment at the desired quality level is not found, a(DASH Segment at the next low|
rel can be found, if available.
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Figure 39 — Client without HTTP cache
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Figure 40 — Storage of DASH Segments

6.4 Hybrid of MMT and DASH over heterogeneous network

Figure 41 shows a simplified architecture of the client implementing both MMT and DASH. The figure
only shows the most important components of MMT and DASH.
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The functlion of each block is described as follows.

MMTP FEC Decoding De-jitter MMTP D.e
- Packet — capsulation e
. Buffer Buffer
Filter Buffer

HTTP DASH
- . Segments
engine Buffer

MPEG-H CI
Parser

MPD Parser - !

Hi

MMTP
Signal Message >
Parser

Presentation
Engine

v v v v

Media
l Engines 3

Figure 41 — Conceptual architecture of hybrid,service client

a) The MIMTP 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
buffef. The MMTP packet filter performs the following checks depending on the packet_id of eqch

b)

40

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 this figufe.
After MPT _message is processed’by MMTP Signalling Message Parser, MMTP Packet Filter] is
gliven the packet_id of media camponent and start to filter MMTP packets with media component.

The MMTP signalling message parser receives MMTP Packets from the MMTP packet filter apd
parsgs the MMTP signalling message carried in the packet. Information retrieved from the MM['P

signalling message is delivered to the appropriate processing blocks.

1y

2)

3)

4)

When the cliefit is tuned into the specific service, the MMTP signalling message parser firsfly
lpoks for theeMPT_message and processes it to get the list of MMT Assets and their packet_id

2

henever 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

PEG-H CI parser, MPD parser or presentation engine. If the value of PI_content_type_bytd 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 contained data is delivered to
the DASH MPD parser.

Whenever an AL_FEC message is received, the information in the message is signaled to the
FEC Decoding Buffer.

Whenever an HRBM message is received, the information in the message is signaled to the De-
jitter Buffer.

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

d) The MPD parser receives the DASH MPD through the MMTP signalling message parser and
processes it. The MPD parser provides relative presentation time of each DASH Segment to the
Presentation Engine.

e) The FEC Decoding buffer receives MMTP packets with dedicated packet_id and immediately copies
packets to De-jitter Buffer. If there are any packets which are not received until protection window

re—of-Ak— Fressasesterated-by MM R Sienat-Messape Parser+epatreoperatorisspplicd to
the received packets. If packets are recovered, they are also immediately copied to De-jitfer Buffer.

f)| De-jitter Buffer receives MMTP packets from FEC Decoding Buffer. De-jitter Buffer stqres those
packets 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 De-
capsulation Buffer.

g)| The MMTP decapsulation buffer depacketizes MM TP packets received from the De-jitter huffer and
reconstructs the MPUs. Reconstructed MPUs are delivered to Mediad€Engines.

h)| 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 segrhents are
delivered to the DASH segment buffer.

i) | 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.

j)| Media Engines receives MPUs and DASH Segments and decode them with appropriate dgcoders. It
delivers decoded results to the presentation‘éngine.

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

6.p MMT Caching for Effective Bandwidth Utilization

6.5.1 Overview of MMT caching middlebox architecture

\F
Cantent Providers

Kou =@
U nol:

E3rii

——@g o B

Wired backbone network [~ MMT &

High bandwidth Caching Middlebox

Figure 42 — 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. From the perspective of a client, the caching middlebox works transparently such that the
client cannot tell a middlebox from a server. We assume 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 the video rate to available bandwidth per each client. For the former,
the middlebox focuses on network redundancy elimination on the MPU delivery. It attempts to fetch
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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 identify
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 client
and fairly distributes the bandwidth to each client. That is, the middlebox uses MMTP to deliver the
MPUs to the clients.

6.5.2 Content-based caching of MMT media

6.5.2.1 |Content-based caching

Content-based caching caches content by its chunks instead of by the whole content. It djvides the
content ipto 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. 5o,
using thel chunk names, one can easily identify the duplicates across contents with(different nanjes
(e.g. aliasps) or even the set of partially-redundant chunks among different contents’ We use contept-
based cadhing to MMT media delivery.

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

The MPU [ID (or name) is simply a SHA-1 hash of the samplés*(or items) in an MPU. We run hashing only
over the dontent binary by carefully excluding the metadata such as asset ID or MPU sequence number
that are njot bound to the video or audio content itself:

6.5.2.3.1| MPU with timed media

Multiple mndat atoms could exist in a timed-media. In that case, the MPU ID is conceptually a hash value
over all nldat binaries stitched togetherdnwan MPU.

s [lm moov m mdat m mdat
ftyp/ i |[|m MMT Medi 0 ‘ Hint Sample ‘ o ‘ Hint Sample ‘
styp || d||@ hint cdia 0 0

x (1 track track f ‘ Media Sample ‘ f ‘ Media Sample ‘

- - -

mdat mdat
‘ Hint Sample ‘ ‘ Hint Sample ‘
! Media Sample ! ! Media Sample !

Figure 43 — MPU id generation for timed media

The actual MPU ID is calculated over payloadized mdat sequences. There are two reasons behind it.
First, the middlebox can reduce undesirable delay if it fetches the MPU in the payloadized format since it
can deliver each MFU right away without waiting for the full MPU. Second, payloadized mdat sequences
would fix the location of the hint samples, which would produce the same ID (hash) even if those hint
samples are stored in different locations at a storage.
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MPU ID = SHA1 (payloadized mdat sequence)

MPU file
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Figure 44 — Payloadized format

6.5.2.3.2 MPU with non-timed media

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

MPU ID = SHA1 (all items baxes)

f|lm moov:
t m
yilp l\{{}\r/{'tr meta Item1 Item?2 [tem3
pllu track
Item1 | Item2 | Item3

Figure 45 — MPU id generation for non-timed media

6.5.3 MPU sync protocol between server and caching middlebox

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.
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6.5.3.1 Protocol overview
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Figure 46 — Operation sequence

Figure 46 shows an overview of how the protocol works. Note that the following shows (136
implemerjtation of the protocol using custom HTTR headers, but one can implement the saie
mechanisim using custom web services based on XML-RPC, JSON-RPC, RESTful API, etc.

First, in drder to work as server, the middlebox.asks for a CI file and an HTML file at the server using
“X-CIRequiest” and “X-HTMLRequest” HTTP custom headers. After parsing the CI and HTML files, the
middlebok retrieves the name of the asset,:aid requests MPU IDs for the MPUs in the asset, using the
“X-MPUIDRange” header. On receiving the MPU IDs from the server, the middlebox determines whether
the chunlf content is cached for each IDXIn’ case of a cache hit, the middlebox requests the header of the
MPU that|consists of non-mdat boxes {€.g, moof and moov boxes) by using the “X-MPUHeaderRequept”
header and reconstructs the MPU in'real time. On a cache miss, the middlebox asks for the entire MPU
by using the “X-MPURequest” header and store the MPU content (e.g. mdat part) in cache storage along
with its MPU ID (or chunk ID}.

6.5.3.2 |Request messages

In this supclause, weé-define custom HTTP headers as one example for requesting a CI file, a MPU ID list,
an MPU, gdnd an<MPU header. Again, these are just an example of a possible implementation and one dan
choose toluse'other web service mechanisms as well.

6.5.3.2.1 X-CIRequest

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

6.5.3.2.1.1 Example
GET /Packagel HTTP/1.1

Host: test.mmt.com
X-CIRequest: 1
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6.5.3.2.2 X-HTMLRequest

X-HTMLRequest is used with the HTTP GET method to request the HTML file of an MMT package. 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.

6.5.3.2.2.1 Example

GET /Packagel HTTP/1.1

Host: test mmit com

X-HTMLRequest: 1

6.5.3.2.3 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 if,the range. The ppth in the
first line represents the asset name.

6.5.3.2.3.1 Format

X-MPUIDRange: MPU_SeqNumStart-MPU_SeqNumEnd

6.5.3.2.3.2 Example

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

6.5.3.2.4 X-MPURequest

X-MPURequest is used with thesGET method to request a whole payloadized MPU from a sé¢rver. 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.

6.5.3.2.4.1 Format

X-MPURequest: MPU_SeqNumber

6.5.3.2.4.2~'Example

GET /Packagel/Assetl HTTP/1.1

Haost: test. mmt.com

X-MPURequest: 3

6.5.3.2.5 X-MPUHeaderRequest
X-MPUHeaderRequest is used with the GET method to request the MPU header which consists of non-

mdat boxes from a server. X-MPUHeaderRequest specifies the sequence number of an MPU whose
header is being requested and the path in the first line represents the asset name.

6.5.3.2.5.1 Format

X-MPUHeaderRequest: MPU_SeqNumber
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6.5.3.2.5.2 Example
GET /Packagel/Assetl] HTTP/1.1

Host: test.mmt.com
X-MPUHeaderRequest: 3

6.5.3.3 Response messages

6.5.3.3.1 Y-Mplllnﬂnngp

If X-MPUIDRange is used in a response, it specifies the range of the requested MPU IDs in the responke.
The Length represents the total number of chunks in the requested asset. If the total number 0f chunks
is unknown (e.g., live media), the length is set to -1. Each line in the response body consists pf‘@ sequer]ce
number of an MPU and its MPU ID. The number of lines in the response body should magtch the range|in
the X-MPUYIDRange header.

—n

6.5.3.3.1/1 Format

X-MPUIDRange: MPU_SegNumStart-MPU_SeqNumEnd/Length

MPU_SeqNumber Hash_value(MPU ID)
MPU_SeqNumber Hash_value(MPU ID)

6.5.3.3.1.2 Example

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

12341242
22421245
3 2241244
41234124

6.5.3.3.2| X-MPUHeader

X-MPUHepder is\a-response header that specifies the MPU sequence number and payloadized MPU
metadatalis carried in the response body. This is used as a response to X-MPUHeaderRequest in the

request.

6.5.3.3.2.1 Format

X-MPUHeader: MPU_SeqNumber

Payloadized MPU metadata
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6.5.3.3.2.2 Example

HTTP/1.1 200 OK
X-MPUHeader: 3
Content-Length: 2879097
.ftyp..mp41..mmpu...moov...

6.5.3.3.3 X-MPUContent

X
co

6.

Th
se

.5.3.3.3.2 Example

.5.4 MMT Cache Manifest

htent is carried in the response body. This is used in response to X-MPURequest in thereq

5.3.3.3.1 Format

X-MPUContent: MPU_SeqNumber
Payloadized full MPU content in the response

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

.ftyp..mp41..mmpu...

e data path for cache in video broadcasting over the Internet is illustrated in Figure 4]
"ving each end user from the originating CDN server is not feasible for the following reason

Computing power: the server computing power is limited, can only support a limited 1
concurrent connections;

Out-going bandwidth: the original content server has to have n x B out-going bandwidth, to
users consumingwideo atbitrate B. For emerging high bandwidth applications like UHD, this
eat up the bandwidth, e.g. B = 16 Mbps, to serve 1 000 user will require 16 G out-going bang

guarante€throughput or delay; in fact, this is the uncertainty that will stay with us for a lon

MPUContent is a response header that specifies the MPU sequence number whose paylostized full

st.

(, directly
S:

umber of
support n

can easily
lwidth;

End-to-Enduncertainty: once the packet left the originating server, the current state of Intergjet cannot

g time.
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Figure 47 — Cache in Internet video-delivery

By utilizing caches at various places in the network, instead.efserving the end user from the originating
server, cache hosts can do the job, with usually much shortér RTT, and alternative delivery path that
may havelless congestion.

Content af the originating server is well behaving a @redictable, as it is becoming available linearly oyer
time. But for content at caches, such characteristi¢s are not the case. Due to user behaviour and differ¢nt
start tim¢ of streaming, different cache may eontain different segments of content and with differgnt
sub-reprgsentations (in DASH terminology)with different quality and QoS requirement. A hypothetigal
simple cape without fragmentation is illustrated in Figure 48.

Cache 1 I |

T So L e
Cache( |
: Sk Uk €
Cache N .
SN Iy ex time

v

Figure 48 — Cache status

To facilitate cache assisted streaming, at least the content start and end timestamp, {sk, ek}
current playback timestamp, tk, need to be signalled. For the same segment, when different sub-
representations are available, their associated MFU index, resulting quality, and QoS info need to be
signalled, as similar to the multiple operating points ADC case in streaming. The MMT cache manifest
is organized around asset ids and then for each asset, those segments are present in the cache is listed
by timestamp/fingerprint. For each segment, a new data structure Segment Manifest, or SegMf can be
introduced, which in turn consists of multiple Rate-Distortion Operating Points, each is represented
by MFU index, which references a flat mdat byte file, and associated QoS parameters like average rate,
peak rate; and QoE parameters signalling the spatio-temporal quality of the segment conforming to
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the ISOBMFF quality metrics. Notice that the MFU index is internal to the cache operation and an API
should be provided to retrieve associated MFUs from the cache host.

Sy
| SegMf, RDOp 1:

- MFU index ————>
- QoS parameters
—>  SegMf, - QoE parameters

S,
Asset |D

RDOp 2:
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Figure 49 — MMT cache illustration

6.6 Usage of ADC signalling message

6.6.1 Overview

This subclause provides MM T implementation information what MMT sending entity should do and
MANE can do to gain a benefitfrom 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 entitigs by ADC
signalling messages. The ADC message is made from the ADC parameters by MMT sending |entity for
Agsets within-an MMT packet flow.

To| provide more accurate information, MMT sending entity can update ADC message with garameter
value€s that descrlbes current Asset characterlstlcs best and transmlt it as tagged with newgr version
11 be sent
by MMT sendmg entlty Then valid perlod of updated version of ADC should also be prov1ded to help
MANE router estimate how long those ADC message is valid and meaningful.

6.6.3 Operation in MANE router

MANE router can make more efficient utilization of network resources through ADC signalling
messages. MANE router identifies which ADC message is describing for which Asset by comparing
packet_id within MMTP packet header and ADC message. By checking the change of version field in an
ADC message, MANE can acknowledge there is an update of delivery characteristics of a corresponding
Asset which will be expected to be valid until validity_duration.
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The ADC describes QoS requirements and statistics of Assets for delivery. Even though MMTP packet
header has some of QoS related fields, it provides only packet level information on how to handle it.
However, the ADC message can provide much more additional information than described in packet
header, such as peak rate and required buffer sizes, etc to MANE routers helping them expect delivery
characteristics in media level, so it can provide bigger picture of delivery characteristics about an
Asset. By inspecting ADC messages, MANE router can guess burstiness characteristics of each Asset
from peak_rate and sustainable_rate fields in advance, which is hardly provided by packet header. Then,
MANE router can estimate how much buffers MANE should secure to absorb burstiness of that Asset
during validity_duration.

T Ca aracterize actually : : :
correspomnding updated ADC messages, for an MMT flow which is comprised of flow of multiple Asséts.
In case of the delivery of Assets having delay constraints, network resources between media.soujce
and destipation can be reserved based on its peak-rate. However, it can result in inefficienthandwidth
usage, befause fixed bandwidth resource is dedicated to certain traffic while it is time-varying. MANE
can estinjate actually how much portion of those reserved resources will not be or is:iot being used
from AD( message. Then, MANE can make use of those tentatively idle resources-for-other trafficg if
available,|by its own decision.

6.6.4 Example operation in MMT receiving entities

The receiyed ADC can help MMT receiving entities to estimate how much.amount of buffers they shoyld
actually decure for each Asset (MMT sub-flow). As ADC information)is provided with update, MMT
receivinglentity can also be updated with new buffer sizes to secure:

6.7 MMT Deployment in Japanese broadcasting systéms

6.7.1 erview

ARIB (Aspociation of Radio Industries and BusineSses) has published its standard STD-B60 “MMT-
based media transport scheme in digital broadcasting systems”, which describes the media transprt
and multjplexing layers in broadcasting systems using MMT. It specifies the usage and extensigns
of ISO/IEL 23008-1 for broadcasting services. The extensions include the MMTP packet header apd
additional signalling information. Some‘.of the signalling information used in the MPEG-2 TS based
broadcasting systems has been transplanted to the MMT-based broadcasting system.

This subdause gives implementation examples of Japanese broadcasting system based on MMT.
6.7.2 Broadcasting systems using MMT

6.7.2.1 |System struicture

This subdlause describes the general structure of MMT-based broadcasting systems. Figure 50 shows
the protofol stack of MMT-based broadcasting systems.

Stgmatting . - —
information | Video | Audio | Cc [ Application
MMT

UDP/IP

Time

[P multiplexing scheme (Layer 2)

Broadcasting channel (channel coding & modulation)

Figure 50 — Protocol stack of MMT-based broadcasting systems
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In these systems, media components, such as video, audio, and closed captions (cc) constituting a TV
programme are encapsulated into Media Fragment Units (MFUs)/Media Processing Units (MPUs). They
are carried as MMT Protocol (MMTP) payloads of MMTP packets and delivered in IP packets. Data
applications that are related to a TV programme are also encapsulated into MFUs/MPUs, carried in
MMTP packets, and delivered in IP packets.

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

T ctaxa alca barza MMT ciagimallin o 1o o ot o (MMT CIY MMTCIL oo ciganallin g 1o nn ot n n th
C Sy StCIITS arsSOTITav eIV I ST Aty I TOT T CIOTE (I TIVE T O T o IVIIVE T 0T 1S ST TTariirg T OT Irac on o e

structure of a TV programme and associated information on TV services like the Electronic'Programme
Gyide (EPG). MMT-Sl is carried in MMTP packets and delivered in I[P packets.

In|order to provide Coordinated Universal Time (UTC) in broadcasting systems, time information is
algo delivered in IP packets.

6.7.2.2 Service configuration in a broadcasting channel

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

A proadcasting 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 bropdcasting
service and the MMT Package is shown in Figure 51. As sliown in Figure 51, one TV programme is
distinguished from the rest of the service by its start and.end times and corresponds to one eyent.

— —— —
DY
A N\
service .
4 \ s\OS(;rviCe Service service
MMT Package (. )
& K Pack Package |( )
ackage Package
] =
- = O ) = = = =
AN E INEHEE AR
= = S a, a. a = =) =
AN £ £ g 2l & 2.
event g £ 8 s s < =l £ g
(programme) S S g o o 2 S| S 3
o =) 4 e = = ofl o o
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= = s} > T S || = =
s 2 \ Y, sl & s
@\ I - y ||
@) —
\AC) IP data flow N/
\°
:O Layer 2 stream Layer 2 stream

physical broadcasting channel

Figure 51 — Relationship between a broadcasting service and MMT Package

In ISO/IEC 23008-1, an Asset is defined as a media component. An Asset is equivalent to a series of
MPUs. In MMT-based broadcasting systems, one TV programme is an MMT Package including one or
more Assets and signalling information. A Package 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 51. Here, an IP data flow
is defined as a sequence of IP packets of which the source IP address, destination IP address, protocol,
source port number, and destination port number are the same combination. There may be other IP
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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 includes
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 delivery of media data over heterogeneous networks
including broadcasting channels and broadband networks. In the MMT specifications, broadcasting
channels pnd broadband networks can be treated In the same way for delivery of content. Figuce p2
shows a sprvice configuration using both broadcasting channels and broadband networks.

In Figure 52, video component 1, audio component 1, and closed caption 1 are delivered on broadcastirg

channels.|/In addition to these components, video component 2, audio component 2, and closed captiof 2
are delivdred on broadband networks.

In the brgadcasting channels, the three components are multiplexed into one IP dataflow and deliverjed
in one layer 2 stream, since all transmitted information is delivered to all receiver terminals. On the
other hand, in the broadband networks, components are delivered as a separate\IP data flow, since eqch
component is delivered to the receiver terminal requesting it.

In MMT-hased broadcasting systems, media components delivered-in different channels can easjily

be included in one MMT Package. MMT-based broadcasting systems support hybrid delivery |of
multimedia content.
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Figure 52 — Service configuration over both broadcasting channels and broadband networks

52 © ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=5f6377752705cd97474674e9b95468b9

ISO/IEC TR 23008-13:

6.7.3 Media transport protocol

6.7.3.1 Overview

2015(E)

MMT-based broadcasting systems use the syntax and semantics of the MMTP payload and MMTP

pa

cket specified in ISO/IEC 23008-1. The extensions described below are applied.

6.7.3.2 Header extension of MMTP packets

ISO/IEC 23008-1 specifies a header extension in the MMTP packet. The header extension

has three

fig
ca
ex

he
sh

hd

hd

Ids: extension_type, extension_length, and header_extension_value. Although the header
h be used for various purposes, it contains only one piece of information. The multi:tyj]
tension described below enables it to contain multiple pieces of information.

ader_extension_value - When the extension_type field is set to 0x0000, this field has the
pwn in Table 1.

Table 1 — Structure of multi-type header extension

Syntax No.of bits Mne-
monic

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+H¥

hdr_ext.byte 8 bslbf
}

}

}

r_ext_end_flag - When'this flag is set to “1”, this multi-type header extension is the €
header extension. When this flag is set to “0”, this multi-type header extension is not the
header extension.,

r_ext_type - ThisTield specifies the type of multi-type header extension. The value of hdr
is specified\in Table 2.

Table 2 — Hdr_ext_type values

pxtension
be header

structure

nd of the
bnd of the

| ext_type

Value Description
0X0000 Teserved fOT TUTUTE USE
0x0001 reserved for ARIB STD-B61 (scrambling information)
0x0002 reserved for ARIB STD-B60 (download_id)
0x0003 - 0x7FFF |reserved for future use

hdr_ext_length - This field specifies the number of bytes of the following hdr_ext_byte field.

hdr_ext_byte - This field provides information on multi-type header extension.
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