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Foreword

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

organizations governmental and non-governmental in ligdison with ISQO and IEC also take pnart
=] 5 5 Y U g

n the

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

The procedures used to develop this document and those intended for its further maintenang
described in the ISO/IEC Directives, Part 1. In particular the different approval cxiteria neede
the different types of document should be noted. This document was drafted in.accordance wit
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

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

For an explanation on the meaning of ISO specific térms and expressions related to confo
assessment, as well as information about ISO’s adherence to the WTO principles in the Tecl
Barriers to Trade (TBT) see the following URL: Fareword - Supplementary information

ittee,
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The committee responsible for this document isISO/IEC JTC 1, Information technology, Subcommnpittee

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

ISO/IEC 23008 consists of the following\ parts, under the general title Information technology —
efficiency coding and media delivery in heterogeneous environments:

— Part 1: MPEG media transport(MMT)

— Part 2: High efficiency videocoding

— Part 3: 3D Audio

— Part4: MMT Reference and Conformance Software

— Part 5: Reference software for high efficiency video coding

— Part 8~€onformance Specification for HEVC

— Part/10: MPEG Media Transport Forward Error Correction (FEC) Codes

-2 ‘Part 11: MPEG Media Transport Composition Information

High

— Part 12: Image file format

— 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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https://standardsiso.com/api/?name=5f6377752705cd97474674e9b95468b9

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

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 syj{
based on ISO/IEC 23008-1.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document an|
indispensable for its application. For dated references, only the-edition cited applies. For un
references, the latest edition of the referenced document (including any amendments) applies.

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

3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, theiterms, definitions, symbols, and abbreviated tery
ISO/IEC 23008-1 apply.

4 Overview

4.1 System overview

This subclause describés the exemplary but typical system overview of MPEG Media Transport (]}
as shown in Figure 1

The media originprovides A/V media or generic files to MMT sending entity in the form of Packag
Assets which-afe'defined in ISO/IEC 23008-1. A Package is comprised of Assets, Presentation Informj
and Transparent Chanrateristics, etc. Physically, an Asset is a group of MPUs or generic files.

The MMT sending entity fragments MPU/generic files and generates MMTP packets to delivel
media data itself. Concurrently, it also generates signalling message for the successful deliver
presentation of A/V media included on that MMTP packet flow.
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Figure 1 — Example of MMT-based media distribution chain
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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 pr

vided 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;

playh
4.2
1SO/I1

Figun
relati

ack and temporal/spatial presentation information of the media.

Normative parts

EC 23008-1 specifies a set of tools to enable advanced media transport and delivery services.
e 2 depicts the end-to-end architecture and illustrates the different functional‘teols and their
nships. Moreover, it shows interfaces between existing protocols and standatds defined by

ISO/IEC 23008-1 and those defined in other specifications. The tools spread<over three different
functiional areas, Media Processing Unit (MPU) format, delivery, and signalling defined in ISO/IEC 23008-
1 arelas follows.

he Media Processing Unit (MPU) defines the logical structure of media content format of the data
nits to be processed by an MMT entity and their instantiation with1SO Base Media File Format as

specified in ISO/IEC 14496-12.

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

he signalling function defines formats of sigitalling messages to manage delivery and consumption
f media data.

MMT Sending Entity MMT Receiving Entity
Package
""""""""" | ! Media
Asset P | !Presentation
Signaling | ,, Signaling L Engine

Function |

____________________

Delivery |

. Delivery | _!
* Function ™ v

PuFuz uonIngsuoday 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 MMT function deployments

5.1 Overview

T}lib C‘ldubc 5ivca illll)}clllclltdtiull guidcliuca UIl gCllCl dl TV‘II\VIIT dcplu_y lllCllt ‘UdbUd UlIl bdbib fullLtiUllc lltleS
provided by MMT standard itself. This Clause intends, in particular, to guide implementers,t@make
best use of the specification for the basic topics such as, but not limited to the following:
— low delay media consumption;

— media adaptation;

— hybrid delivery;

— errorrecovery.
5.2 Object reconstruction

5.2.1 Overview

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

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

The MPU mode is used to deliver MPUs"and usually operates on movie fragments. Alternativell, the
application may request that each received MFU is forwarded to the application without additional flelay.
It may also require that the complete MPU be reconstructed prior to forwarding it to the applicatign.

5.2.2 Recovery in MPU mode

When operating in the MPU mode, the object flow consists of MPUs of the same asset. Each MP]J is a
single object in the ebject flow and shares the same packet_id as all MPUs of the same asset.

The MMT receiving entity performs the following steps.
a) ReceiveMMTP packet.

b) CHedk if packet_id is equal to the packet_id of the object flow of interest, discard packet and|go to
step a) if it does not belong to an object flow of interest.

€) Assert that type of the MMTP packet is MPU.

d) Iffragmentation 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).

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

f) 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 3
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g) Check fragment type (FT) of the MPU payload header.

1) IfFT is MPU metadata

i) checkif 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.

ii) Gotostep a)

i)

i)

iii)

2) IfFTis Fragment metadata

Check if movie fragment with the same movie_fragment_sequence_number. already exists
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)

3J) IfFTis MFU

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

If timed metadata flag is set

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

bb) check if movie fragment is complete, and

— Ifyes, forward fragment to the application

cc) go to stepa):

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 the
item to the application, and

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 packet 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 TOI.
e) Insertpayload in the correct place in the object map using the stagt_offset information.

f) It is recommended that chunks of contiguous byte ranges-that lie between two MMTP pdckets
with the RAP flag R set to 1 be forwarded to the application-Applications may choose to fojward
sufficiently large contiguous byte ranges whenever they @re recovered correctly.

g) If complete TOl is recovered
1) extract metadata from the transport object'or from the GFD table, and

2) forward file to the application.

5.3 Default assets

In order to cater for basic receivers with limited processing capabilities and also to facilitate fast chpnnel
tune-in, an alternative and simpleway for service consumption has been devised that can furction
without the need for more advariced and highly demanding presentation information solutions (sych as
HTML 5). It is of course not possible to achieve the same level of service complexity and richnesd with
the basic solution but it enables receivers to quickly tune in to the channel and, if needed, to comp]etely
avoid processing the coimplex presentation information.

MMT provides the(tools to identify default service components and to enable the receiver to conjsume
them in a synchronized manner by processing the MMT signalling information. Default sqrvice
components atreusually the main video stream together with the default audio stream.

An MMTigseceiver that wants to achieve fast tune in or wants to bypass processing the presentation
infornfation checks the MP table for the MMT package of interest and identifies the assets of that|MMT
package that are marked as default assets. It then starts receiving and reconstructing the default 4ssets
by first locating the asset using the MMT_general_location_info and looking for the MPU methdata
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 delav has a Qignifir‘anf impact on the pprrpivpd qnalifv by

the ehd user.

Media Media
Processing/ Formatting/
Encryption Packetization

Media
Encoding

Figure 3 — Examp&@@a broadcast scenario

Afterlmedia encoding and any other relat \'Oocessing (such as encryption), the media data is formatted
accorjding to the transmission protocol @se and the packets are then sent down to the receivers. In the
case of MMT, MMTP is the transport ;Edtocol used for media streaming. MMTP operates on MPUs in the
MPU mode, which is the most appropriate mode for streaming. Theoretically, MPU should be completed
to stqrt packetize it and send client. However, in real implementation, there are ways to further
optinjize generation of MPU(and packetization of it to minimize delay by starting packetization and
delivery of MPU before co@letion of generation of MPU.

The NMPU mode of Mhﬁ?{s designed to operate in a very low delay mode and without any restrictions
on the MPU size. PU is streamed progressively as soon as media data becomes available in a
way $imilar to streaming. Each media unit, such as an AVC NAL unit or an AAC audio frame, is
encapsulated into an MMTP packet that also contains the MPU payload header. The MMTP packet looks
as shpwn in%.

%&
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0 1 2 3
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++++++++++++++++++ R+
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++++++++++++++++++
| ti nestanp |
T e e B e e N e B B o o =F ~F SRS ST S S
| packet _sequence_nunber

++++++++ R+
| packet _counter
++++++++++++ R+
| [ ength | FT |T|f_i|A frag_counter
+++++++ R G
| MPU_s equence_nunier |
+++++++++++ AR D

| DU | ength | movi e_fragnent _sequence_ntnber
+H++++++++++ R+
| movi e_f ragnent _sequence_nunber | sanpl e_nuniber
+H+++++++++ R+
| sanpl e_nunier | of fset |
FH++++t R R+
| of fset | priority | dep_counter
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| Data Unit payl oad {NAK unit or AAC frane)

B e o I N B R B e ok ok ok o b e e e e e R e B B e e e ok
| sour cecREC_payl oad_I D |
R -+

Figure 4 — MMTP packet

As can be seen from the packet:héader, all fields of the packet can be generated immediately at the
streaming server, i.e. no need te.delay the transmission of the media unit. In particular, the fields npovie_
fragment_sequence_numbefysample_number, and offset of the media unit in that sample are all khown
a-priori for each mediaamit, even before generation of the complete movie fragment. The priority and
dep_counter fields mdy bpe decided based on the encoder configuration parameters. Most of the|case,
encoder predefines éncoding structure, how many P-frames will be coded between I-frames and how
many B-frames will be coded between I-frames and P-frames, before starting encoding. Therefore} high
priority can bé@ssigned for the NAL Units containing intra coded macroblocks; dep_counter can be set
based on the\eoding structure. If multi-path encoding is performed at the encoder, such configujation
could betaltered during actual encoding process to improve encoding quality. However, in that|case,
actualiegding structure is known before the last path which generates final compressed data. Thergfore,
theiprecise dependency structure can also be known before encoding of each video frame is comp'[fted.

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 7
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At the receiver side, the receiver may either consume the media data immediately upon reception of a
media unit or it may reconstruct the movie fragment first. In both cases, the overall delay is reduced
down to the duration of a movie fragment or less than that.

The reconstruction of the movie fragment at the receiver side is straightforward. All media data that
belongs to that particular movie fragment (based on the MPU_sequence_number and the movie_
fragment_sequence_number) is first collected progressively to build the mdat box. Finally, after
reception of the movie fragment metadata, the fragment can be recovered fully. Any missing media

data

This
main

Anot
appli
quick
trang
each

aillbe caorrected by eithermarkinag it aslast or fivina the maovie fragment metadata annronriately
d a4 ls) hd ls) M ls) hd bl rr r J

peration mode is very close to that of RTP streaming and ensures minimal end-to-end delay. It still
fains the characteristics of streaming an ISOBMFF file in a generic and media independent way.

her important aspect needs to be considered for low-delay streaming, in particular, broadcast
Cation is using very short duration for MPU. In a broadcast application, the client’needs to
ly find a starting point of decoding. To support it, conventional broadcasting senvice repeatedly
mits initialization information for decoder and use very short duration for ‘GOP. In MMT, as
MPU is self-contained, by defining the length of MPU as the period of repetition of decoder

initia]:ization parameter in conventional broadcast application, delay can be maintained same as that

of co

MMT
appli

5.5

5.5.1

MMT
genel
of the
sourd
mess
encap

ventional broadcast application.

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

Parallel processing in MMT sending and receiving erntities

Processing in MMT sending entity

protocol performs parallel generation .ef? MMTP flows and signalling message
ation/processing. The data packet processing part of MMT protocol performs the packetization
media data using either the MPU mode for MPUs or the GFD mode for generic files. The generated
e data is encapsulated into MMTP packets and transmitted to transport layer. The signalling
hge generation part of MMTP processes CI, ADC, and other data from the MMT package and
sulates them into signalling messages.and packetizing and passing them to the transport layer.

|

' |
I Package |
' |
| : : i
|

I GEDMode MPU Mode |
I S, P N S S R

Data MPUSs ClADG
y vy vy fragments YVvYy v
MMT Protocol |

Signaling messages I

Data packets processing generationfprocessing

A Signaling messages

MMT Packets kets

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.

EEC source parln:-fc ')v\r" their EEC r‘nnﬁgnrahnn In{:nrm')f"\n for ecach r‘-:\fa flow are naccnr‘ t the

corresponding MMT FEC scheme for protection. The MMT FEC scheme uses FEC code(s) for the1lepair
symbol generation. Then, FEC source and repair packets are delivered to the MMT receivingentity.

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

MMT Application
MMT Assets i FEC Configuratign
* Informatioh
MMT Protocol FEC Codes
Data packets processor MMT FEC
Framework
Controllers Buffers Encoder
» 1% data flow|| s/ 1% source Source MMTPs | | TSXMMT FEC »| FEC Code for
controller [T*|| flow buffer [Tf  Repair symbols Scheme |™ 15 source flow
I FEC payload IDs
il 2" data flow]| s/ 279 source source MMTPs(| 3 200 MMT o] FEC Code for2™
controller [T || flow buffer | E;‘;;%‘;}P?Bi FEC Scheme| source flow
L M-1% data flow]| pb wSource MMTPs [ | Nt MMT » FEC Code for N*
g 44 .
controller N source ||\ Re alr symbols 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)

55.2° Processing in MMT receiving entity

MM Tprotocot performs parattet processing of MM T packetdata fiowsamd 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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A Signaling messages
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Transport layer

Signaling messages

Data packets receiving sending/receiving

Data channel

A
Network Packets|

A

Network Packets

Figure 7 — MMT receiving entity structure

T receiving entity, MMT protecol passes each FEC source flow and its associated FEC repair flow(s)
e corresponding MMT FEC scheme. After passing of flows to the MMT FEC Schemes, each of given
hes returns recovered source MMT packets. MMT packets are stored in separate buffers for each data
ind processed by separate data flow controllers. The outlined architecture is depicted in Figure 8.

flow controllers 6f MMT receiving entity unite functions of de-capsulator, de-packetizer and de-jitter.

10
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MMT Protocol FEC Codes
Data packets processor MMT FEC
Framework
Controllers Buffers Encoder
1" data flow]| s| 1%"source Source MMTPs | _ [T MMT FEC [ FEC Code for
controller [T*|| flow buffer [f{  Repair symbols Scheme |[® 1* sourceflow
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2" data flow - 2"%source Source MMTPs | 2" MMT »| FEC Code forg™
controller | flow buffer [T Regairs mbols FEC Scheme | sourceflow,
FEC payload IDs
M-1" data flow || » Source MMTPs | | Nt MMT w(FE€ Code for N
<t g . @’
controller N source |[] Repair symbels || FEC Scheme source flow
| || M™ data flow || pb flow buffer
controller |
MMT packets
Transport Layer
IP

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 fragmentbuilding 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 depi¢ts an MPU fragment building block for packetized streaming of an MPU. This| MPU
fragment-Building block helps to prepare for the packetization of an MPU into MMTP packety. The
process of creating the MM TP packet passes by two steps: generating the MMTP payload and genetfating
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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5.6.1{2 MMT broadcast sending procedure for low latency ‘\
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Figure 9 — MPU fragment building block \\<(/

N\

When considering the low latency requirement of broadcast& vices, the broadcasting system may
n

consider reducing the delay resulting from both the trans

and the reception procedure, while

also gonsidering the requirements on random access t broadcast channel. In order to support

MMT|sending entity may also consider sending the sj

ling information periodically during the MPU

this yse case, the MMT receiving entity has to also recgl the related presentation information. The

delivery as shown in Figure 10. $

Bro &t time line
?kd\
>

l

'}U
=

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.

12
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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 fragment

indicatorwhich indirating t]'\n ]-:\ct nFit is dntnr‘fnd

— The second case is that the delivery data unit is either of MPU metadata, fragment metad r
In this case, the MMT receiving entity can process the reconstruction of each type of ery
unit in MMT delivery layer for fast processing of delivery data and managed buffer &féths.

/
5.6.1.2.2 Signalling message sending procedure QQCb

Whenever an MMT receiving entity wants to present media resources in M&‘s it needs to receiv
related signalling messages as soon as possible after joining a broadcast c}aQ nel.

MFU.
data

e the

The channel reception can only be initiated after getting the related entation Information (BI). In

order to minimize the channel switch time as short as possible, t quency of sending the Cl c
per-MPU basis, %
N\

However, there can be the time interval between consecutive &PUS in MMT broadcast, which effec
corresponds to the length of MPU playing time. Usuall @gnalling messages are much smaller
MPUs. Therefore, the sending time of signalling mes@

means when an MMT receiving entity randomly aC\s s the service, it is very highly probable t
will meet the MPU directly rather than signalling sage. In that case, MMT sending entity can
the signalling message behind the MPU, to makeagse of those received MPUs.

In this case, we can make our channel proc@ instance is initialized as soon as possible.

\Elg())adcast time line

»9 )
)

o
\\C)

MPU Signa MPU | Signa
ling ling
msg msg

)\ ) \
Y Y

hn be

Lively
than

is trivial compared to that of the MHUs. It

hat it
send

0 ! = Y - -
3 = =
éov o § % % = =
R
% 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
the head information of MPU.

need

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

© ISO/IEC 2015 - All rights reserved
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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 o)

wher

(]

T1 is the residual time to finish receiving first MPU since MMT receiving entity joifisto the chan-
nel;

T2 is the time interval between two consecutive MPUs which is brought by-the length of MPU
playing time;

T3 is the receiving time of the next first MPU (because the signallingumessage sending time is
very short compared to that of MPU, we may not consider it).

Access Point

MPU A MPU B

-" h

J
s i I |

Broadcast time line

>

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

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

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

Aty ps mmpu moov moof I mdat | eee ees moof I mdat

Fragment MEU | e | e oo MEU Fragment

MPU metadata R metadata

MFU || MFU | o oo MFU

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 MPU B

..v

1Y1 112 1I3 ,\\)ch >

Broadcast time line (]/

Figure 14 — Random access in the middle of Intervaﬂ%\se 2)

Moreover in this case, we can ensure that the MPU metadata and th ment metadata can be red
by terminals with the highest probability. Then the waiting tlm

AT =T1

Case 2:

<<
QO

In this case, the first MPU received should be a coh@lete MPU. The total waiting time should be p
T2 and whole T3. It should be as given in Forn‘ut@»(B)
N

AT < T2+ T3 N\
A\Q’

5.7 Fast MMT session acqulslgb'n

In multimedia streaming env@ment user switches between media which are very huge size
they are consuming the cortents. In such scenarios, low-delay session acquisition has a signi
impact on the perceived(&ity by the end user.

MMT streaming 1@&& on the MPU concept, as well as other kinds of data (e.g. media data
and signalling ges) being fragmented and multiplexed into a sequence of MMTP packe
transmission.

&o
$0
R
)

ld be as given in Formula (2):

eived

(2)

art of

3

when
ficant

itself
s for
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Figure 15 — Structure of MM TP packet

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

sessipn acquisition.
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YAP_flag indicates that the payload contains.a:Random Access Point (RAP) to the data stream of
lata type. The exact semantics of this flag are’ defined by the data type itself. The RAP_flag should
to mark data units of MPU Fragment Type value 0 and 1 and for MFUs that contain a sync sample
Fagment thereof, in the case of timed media, and for the primary item of non-timed MPUs. RAP can
PU metadata, signalling message ot fsames which are containing i-frames.

ype indicates the type of paylead data, i.e. MPU, generic object, signalling message. As one more
er step when MMTP packetincludes MPU data (type=0x00), MMT receiving entity can also find out
her it has MPU metadata by checking MPU Fragment Type (FT: 4 bits) which is in payload header
hting the fragment type‘as defined in ISO/IEC 23008-1:2014, Table 4.

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

P flag is&set'to “0”, it means corresponding MMT packet contains no high priority random access
Then, MMT receiving entity can be discard the MMTP packets without RAP_flag set to “1” for
ent’buffer management before meet RAP_flag set to “1” or processing it depending on its policy or

receiving entity situation.

5.8

5.8.1
MMT

Referencing and processing non-timed data

Overview

P 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

16
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them available. On the sender side, this removes the necessity of describing every single resource and
its location in the signalling.

5.8.2 Resource grouping and referencing

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

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

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 fdr the
corresponding asset;

— asset_type is set to “mmpu”.

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

The presentation information is authored to reference the primary resource.

5.8.3 Receiver handling

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

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

5.9 Media adaptation for quality control in MMTP

5.9.1 _Overview

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

5.9.2 Parameters for media adaptation

MMT streaming is to deliver MPUs which is a media file based on 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 priority of the MFU relative to other MFUs within a MPU and dependency_counter indicates
the number of MFUs whose decoding is dependent on this MFU.

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

5.9.3
Wher

Adaptation operation of MMT entity

that |
can K
feedh
other
medi

MMT
MMT

MMT sending entity can intentionally skip some portion of it. For example, MMT sending entit¥
now poor network condition or lack of resources in MMT receiving entity side through seme
ack. Then, MMTP packets will be dropped anyway according to network condition by MANE or
network entities if there’s no adaptation operation. In streaming service case, omissionof’some
h might not affect critically to user experience.

sending entity can skip transmission of some MFUs to accommodate to network’¢endition. The
sending entity needs information to decide which MFUs they need to omit. In that case, priority

and ;Igependency_counter can provide the priority information between MFUs AMMT sending entity

shou
prior

drop MFUs with the lowest priority and highly independent from other MFUs first by comparing
ty and dependency_counter. For example, MFUs including RAP information will high priority value

and NIFUs corresponding I-frame will have dependency_counter value.

MMT]
inten
wait
recei
throu
to set
side,

5.10

5.10.
This

sending entity also has to announce to MMT receiving entity-Side that some of MFUs are
fionally dropped. If that information is not provided to MMT ‘receiving entity side, they will
MFUs which is intentionally omitted or try to request againxWhen is_complete is set as “0”, MMT
/ing entity should recognize there are more than one missing MFUs and should reconstruct MPU
gh current MFUs without requesting MFUs in that MRU, For that reason, MMT sending entity has
is_complete as “0” to acknowledge current MPU has<some missing MFUs to MMT receiving entity
lvhen some MFUs are omitted intentionally.

Hybrid delivery in MMT

1 Overview

subclause provides MMT implenientation information when MMT Assets are delivered on

hybrid networks.

Hybr
over
on bi
other
comp

5.10.

Basic
pract]

d delivery in this subclause's defined as simultaneous delivery of one or more content components
more than one different.types of network. One example is that one media component is delivered
oadcast channels afid the other media component is delivered on broadband networks. The
example is that o’ media component is delivered on broadband networks and the other media
onent is delivered’on another broadband networks.

2 Classification of hybrid delivery

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

— Live and non-live

— Combination of streaming components (Figure 16)

— Combination of streaming component with pre-stored component (Figure 17)

— Presentation and decoding

— Combination 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-

£ — b TR T |
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Decoder

| i |
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Figure 16 — Combination of streaming components for presentation
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Figure 17 — Combination of streaming component with pre-stored component for present;
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Figure 18 — Combination of components for decoding

So-called seamless switching can be categorized into hybrid delivery of streaming componeng

pfesentation since switching components is possible when both components are synchronizg

ition

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;

— S

ignalling message for media consumption.

The following clauses provide detailed information on the implementation of MMT for individual cases

categ

5.11

orized in 5.10.2.

Example of detailed implementation of MMT

5.11.

This
broad

5.11.

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

subclause describes the case in which MMT and MPEG-2 TS are used as a transport schemé in
Iband networks and broadcast channels, respectively.

1.1 MMT Asset information

In ordler to identify the type and location of media components of MPEG-2 TS in broddcast channels, the

follov
— M

This

ving signalling messages are required in MMT in broadband networks:
MT general location information syntaxin MP table

yntax specifies the address of a media component of MPEG-2 TS incbreadcast channels. In the case

Aty
stre
using

5.11.

MPE(
on U]
Infor

[ an)

At an|
clock
netw
since

5.12

5.12.

As sh
broad

of coIlbination with MPEG-2 TS in broadcast channels, MPEG-2 TS location is used.
i

cal example is to identify network id (16 bits assigwed by SDO), MPEG-2 transport
am_1id (16 bits assigned by the operator), and MPEG-2 PID13 bits assigned by the operator). By
these IDs, a media component in broadcast channels can be identified

1.2 Information on temporal relationships among media components

-2 TS components have timestamps based;en STC. MMT components have timestamps based
[C. To synchronize these different types.of timestamps in MMT and MPEG-2 TS, Clock Relation
mation messages are required.

lock Relation Information messagé can carry a set of STC sample and NTP timestamp
ample that are identical timing

MMT compliant receiving entity, the STC based clock in MPEG-2 TS can be converted to the wall
based on UTC by processing the Clock Relation Information. An MMT component in broadband
brks and an MPEG-2 TS‘eomponent in broadcast channels are presented in synchronized manner
both components ¢an-share the same time domain as wall clock.

HRBM signalling for hybrid delivery

1 Hybrid.delivery from the Single MMT sending Entity

owh in Figure 19, the main station is composed of the broadcast tower and at least one of the

|cdst services are provided to any broadcasting service using the hybrid delivery.

20
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Broadband
'Eléc:c\j\?ecicaSt Server
(BBP, PHY) (TCP session)
MMTP packet MMTP packet

1,11 1t

english spanish

Figure 19 — Single station for hybrid delivery

The consideration of broadcast tower and broadband server is transmitter of MMTP packgts to
distribute to the multiple MMT receivers.

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

In the above case, those MMTP packets are ceffiposed of each MPU that has the same presentation
time 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 20.

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):

Here| x1, x2, x3 to the nature of the transmission network delay including the propagation delay-by
specified from max_transmission_delay in HRBM message, AL-FEC protection window time is o€eurred
the AL-FEC decoding processing is performed on the window interval. (i.e. AL-FEC protection window
time fof AL-FEC encoding and decoding unit performs the FEC packets corresponding to"thé block is
the first of the packet including the transmission time of the packet being sent and the EEC packets of
a packet block containing) Finally, a transmitted MM TP packet including the AL-FEC ahd transmission
delay|time is defined as the maximum value.

The “fixed end-to-end delay” is specified the maximum value in HRBM signalling message for the hybrid
delivery network through multiple delivery paths to the MMT receiver for MMT receiving packets from
the MMT sending entity within the same service corresponds to the MMTreceiver’s output timing.

5.12.2 Hybrid delivery from the multiple MMT sending entities

As shown in Figure 21, it illustrates the multiple stations used\for the MMT services. The station 1 is
osed of the broadcast tower while the station 2 has at\least one of the broadcast servers that are

com
provided to any broadcasting service using the hybrid delivery.
Broadband
_Elfga\?edrcast Server
(BBP. PHY) (TCP session)

MMTP packet

spanish
english

Station 1

X+y+z = a+b+c t2+a+b+c =tl+x+y+z where x!= a, y!= b, z!=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.

22 © ISO/IEC 2015 - All rights reserved


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

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

[f]— ] ALFEC | [imwry | Degiter [ibmmyes |
urrer

broadcast

[ 2 | [ t2+a | A ppc |[t2+a+b | DeJitter | t2+arb+c |

buffer
broadband

X+y+z = a+b+c t2+a+b+c =tl+x+y+z where x!= a, y!= b, zl=¢
t1 for broadcast = time when the MMTP packet leaves MMTP-layér
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 considering the delay including propagation
delay time between the MMT sending entity and the MMT réceiving entity. The “fixed_end_to_end_delay”

”

is calculated by the summation of the “max_transmissien.delay” and “FEC_protection_window_tire”.

The HRBM message, as described above, is based on the structure of the first use case in this contribution
according to the maximum transmission delay is,defined value for each of the MMT receiving entjity to
De-jitter buffer, the play-out of the time can be'adjusted.

T_de_jitter_out_time = ts + alpha

Here, ts is the timestamp of the received MMTP packet in MMT receiver wherein the timestamp can
be calculated by the MMTP packet.sending timing for transmission delay. Then, “fixed_end_to] end_
delay” can be defined as a valuexin 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 fixed| end_
to_end_delay, MMT receiving entity can control their playout time for synchronization.

In the above example/the'delay of transmission A is relatively smaller than B. The MMT sending ¢ntity
send to the initial setting in broadcasting channel and MMT receiving entity can analyse the nework
transmission delays-and jitter in the transmission network B is larger than A. Here, “max_transmigsion_
delaly” as spéecified in HRBM message by the service provider corresponds to this transmission
characteristicof B in the hybrid delivery network. The HRBM message may be sent periodically or if
sent by cemponent content, may be transmitted by a specific event.

Consequiently, De-Jitter Buffer of A and the De-jitter buffer of B, respectively, according to the fixed end-
to-end delay specified in HRBM signalling message need to specified with max_transmission_deldy can
be controlled the play out time which has the same value between the final output (P: ‘t1 + x + y 1 z) of

Desjitter bufferof &, and the fimat output (Q-t2+a+ b+ cjof Desjitter bufferof 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

edia samples of that fragment to increase the probability of correct reception and to enablée

rpndom access inside a movie fragment.

FU: an MFU contains a media unit from a sample of a particular movie fragment. The MFU"also
grovides enough information such as the sample number, the fragment sequence number, and the
fJosition inside the media sample to position the media unit on the timeline and insjde\the “mdat”
Hox. It may also contain information about the importance of that media unit for the decoding
Jrocess. Based on thatinformation, the sender, as well as intermediate MMT entitiesymay undertake
appropriate steps to enhance error resilience respective to the priority and impottance of the media
ynit. A media unit from a SAP is, for instance, more important than a mediaunit for which there are
no dependencies.

One of MMTP’s advantages is its ability to enable error robustness at the\receiver side by enabling the
clienf to recover from packet losses and still generate a compliant MPU'when needed.

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

When a Fragment metadata is lost, the client should use information from previous fragments about
the sample durations to correctly reconstruct the lost “moof” box. It uses information from the received
MFU{ to recover the movie fragment segment numbex The offsets of the media data may be recovered
later psing the start of a fragment as the baseline and the sample number and MFU sizes to reconstruct
the “indat” box as well.

When an MFU is lost, the loss can be diseovered at the receiver based on the gap in the sequence
numbers. The missing MFU is replaced byanull value array in the “mdat” box, if at least one MFU of the
same|media sample has been received correctly. If the complete sample is lost, the space occupied by
that thedia sample may be removed completely and the information in the containing chunk, the “trun”,
should be edited appropriately totadjust the sample duration of the previous sample and the sample
offsets of the following sample§. Figure 23 shows an example of such processing.

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

5.14.1 Overview

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

MMT employs ARQ mechanism as an error control technique for recovery of packets which-1
during MMTP packet delivery. When MMT receiving entity detects lost MMTP packets, itrcan re
retransmission of those packets.

In timed media application cases, retransmitted packets which cannot arrive beforé{play-out of 1
will be useless because they cannot be utilized for timely media recovery. The-arrival_dead]
suggested as the maximum tolerable latency for the requested packets in AF message. However, |
end_to_end_delay in HRBM message which already MMT sending entity knows.can be used by ser
decide whether they will retransmit requested packets to MMT receiving entity or not.

HRBM is used to ensure effective MMT operation under a fixed end-td-end delay and limited me

5 lost
quest

hedia
ine is
fixed_
rer to

mory

requirements for buffering of incoming MMTP packets. Especially inyde-jitter buffering phase of HRBM,

MMT receiving entity should remove MMTP packets that experience a transmission delay larger
the fixed_end_to_end_delay or max_transmission_delay. It means MMTP packets will be discarded 4
it is passed to de-capsulation phase into MPU or MFU, if it experiences more than that delay.

than
efore

When MMT sending entity receives AF message requésting the lost packets, it should decide whiether

it will retransmit the requested packets or not based on fixed_end_to_end_delay in HRBM. To dog
it can use the most updated propagation_delay value included in AF message and calculate exp
delivery time of the MMT packets from MMT xgéeiving entity to MMT sending entity by subtra
timestamp in packet header from the NTP time-at arrival instant of the AF message.

When retransmitted packets are expected to arrive at MMT receiving entity eventually within |

that,
ected
cting

fixed_

end_to_end_delay since its very first coriginal transmission, it will decide to transmit the requsted

packet; otherwise, it will give up togretransmit 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 24, a
deadline denotes the maximum tolerable latency for the requested retransmission packet to arr
the receiver Af the retransmitted packet arrives later than arrival deadline, even if the packet aj
intact, it is(fegarded as useless and discarded.

Frival
jve at
rives
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Figure 24 — Operation of the arrival-deadline constrained ARQ

on the above analysis, when the receiver detects the-loss of packet, the receiver sends ARQ

feedHack to the sender and then the sender performs the following arrival-deadline constrained re-

tran

ission decision

If (]llTT < arrival_deadline)

Els¢

Sender retransmits the requested lost.packet to the receiver;

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

In Figure 24, the RTT (round-trip time)-can be obtained a priori at the sender side by using the reception

quali

'y feedback (RQF) message. ‘For more accurate estimation of the RTT, up-to-date ARQ feedback

delay| (Df) value can be informed*to the sender by enclosing ARQ feedback timestamp (T4rg) into the

ARQ

eedback message. Using the ARQ feedback timestamp, T4rg, the sender can obtain up-to-date ARQ

feedhack delay (Dr). And this'updated Dfvalue can be used to compute up-to-date RTT.

5.14.

3.2 Example of ealculating arrival-deadline

Ther¢ can be_various ways to calculate arrival-deadline depending on the service scenarios and

prefe

rence of\thee service provider. This subclause shows one way to do that. The arrival_deadline can

be oHtained-at the receiver side by considering the remaining amount of safely arrived packets in the

recei
calcul

26

Ver buffer when the ARQ feedback message is prepared for sending. Figure 25 shows an example of

[nfing 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

After detecting packetloss, the amount of data safely 'stored in the receiver buffer, D, is obtained. If|
packets before the current lost packet N were alsg lost, D can be calculated considering the succg
packets that are safely received prior to and.following the previous lost packet from an affirnj
point of view. Then, by using the average bitrate of the MMTP packet stream, arrival deadline f
lost packet N, Ty, is calculated as given in¥ormula (5):

T,= DS/Ban (seconds)

In Figure 25, with the available-amount of packets in the buffer, the client can continue the present
roughly for the duration of\T; (arrival-deadline). The requested retransmission packet should 4
until the arrival-deadline)T,.

5.15 Applicatienlayer forward error correction (AL-FEC)

5.15.1 FEC‘decoding method for ssbg_mode2

some
ssive
ative
r the

(5)

ation
rrive

This subclause provides recommendations for the FEC decoding method when MMT employs
mode2:ds source symbol block format. Depending on FEC encoding scheme, FEC decoding algorith
be decided. However, this implementation guideline does not cover a specific FEC decoding algo

ssbg _
can
ithm,

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 MM TP 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

17

Region - 1

Region - 2

Region - 3

Région - 4

Al

.

- Padding Data

Figure 26 — Example of source:symbol block

5.15.1.2 Regionalization of source symbol Blockfor FEC decoding

First|assume that the second and fifth MMTP packets in Figure 26 are lost, i.e. two MMTP packets are
not r¢ceived in the MMT receiving entity sidé.)When an MMTP packet is lost, the MMT receiving entity
canngt acquire its boundary information ixi-the SSB since its source FEC payload ID and size information
are also lost. In other words, the MMT-receiving entity cannot acquire the information on the start and
end positions of MM TP packet and the-amount of padding data, and so on. Therefore, the MMT receiving
entity can rebuild SSB as depictediin’Figure 27. Note that source FEC payload ID provides information
related to the start position of theeMMTP packet in SSB in terms of the symbol element for ssbg_mode2.
For ekample, the start position of the second and fifth MMTP packets in Figure 26 in terms of symbol
elemg¢nts may be 6 and 37. After rebuilding the SSB from received MMTP packets, the MMT receiving
entity carries out the FE€decoding process to recover the lost MMTP packets.
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Figure 27 — SSB rebuilt when 2 MMFP. packets are lost

The unit of data used during the decoding process can®be thanged according to decoding requirenpents,

e.g. decoding complexity, latency and performance ofierasure recovery, etc.

For the first example, Figure 28 presents the FEC decoding method based on source symbol un
carry out the decoding process based on source'symbol, SSB in Figure 28 should be interpreted in
SSB in Figure 28. It is easily checked that any'source symbol including lost MMTP packet is regard
alost source symbol. Consequently, the rebuilt SSB has seven lost source symbols and therefore, af
seven repair symbols are required to.recover the lost MMTP packets perfectly.

it. To
o the
ed as
least

Decoding
i |
Region=1 I
. Repair
Region-2 l sym%ols I
Region-3 l I
Region-4 l I
e ——— |

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

perf tlhy Finally FEC decodingis carried outwith 2 nraoner amaunt of renair sumbaols for oach roagion
Y Vs & e -0+ + PePp H P Y0 £

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) should
be applied to each divided region in SSB, i.e. two distinct FEC decoding processes are carried.out. This
causgs an increase of decoding complexity compared with FEC decoding based on source synibol, while
the pgerformance of erasure recovery can be improved for the given repair symbols since-the number of
erasyres is reduced. Note the number of erasures and their positions for the first and second examples
are d|fferent.
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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 case,
the SEB should be divided intg four regions as depicted in Figure 30. The four regions are the same
as Rdgion-1, Region-2, Region-8, and Region-4 in Figure 30. Furthermore, each region has five, four,
five, and five lost symbol €lements, respectively. Therefore, at least five repair symbols are required to
recover the lost MMTP-patkets perfectly. Finally, FEC decoding is carried out with a proper amount of
repail symbols for eachregion. Note that repair symbols should also be transformed into repair symbol
elemgnts for FEC decoding.

In geheral, the erasure pattern of each region is different in case of FEC decoding based on symbol
eleménts unit: Therefore, the preprocessing for FEC decoding (e.g. Gaussian elimination) should be
applied te_each region in the SSB, i.e. four distinct FEC decoding processes are carried out. This causes
an ingréase 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 elementunit

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

5(E)

As previously described, the number of erasures depends on‘the unit of data for FEC decoding, as

depicted in Figure 31. It is clear that the smaller the unit is, the'less erasures are induced. On the
hand, the larger the unit is, the smaller decoding compleXity is induced. Therefore, it is recommg
to choose symbol element for the best FEC performance’and choose source symbol for the sm|
decoding complexity as the FEC decoding unit.

However, if there is not much difference for the number of erasures among the FEC decoding unit
better for FEC decoder to choose the larger the unit as possible since the effect of decreasing comp

other
nded
hllest

p, it is
exity

is more dominant than that of degrading the performance, i.e. the performance degradation might fgot be

critical. At this point, the number of erasurésfor each unit can be a measure to choose a proper unit o
for FEC decoding. More precisely, after,counting erasures for each FEC decoding unit by several cou

f data
hters,

compare their values and determine a‘proper FEC decoding unit based on a predetermined selectior} rule.
For example, if the difference between the numbers of erasures for two decoding units is larger than a
predetermined threshold valué€, the FEC decoder chooses a smaller unit; otherwise, a larger unit.
K
a\D) . : cecccegeccage
Region- 1 E_Cougteér-z(o]
cdooles cdeochoedocle= - E_Cuu:t%r-l(())
Region - 2 E_Cou;ltir-z(l)
Region - 3 E_CO“L"?;-Z(Z]
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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
perfofmance while the fonger delay It INtroduCes and the more buller Memory It Tequires. HHOwever, |
the smaller K it is, the higher FEC overhead it requires while the less delay (low delay service) itis
achieyvable and the less buffer memory it requires.

Usually, Asset for timed data requires low delay under reasonable FEC recovery performance and’Asset
for npn-timed data does not allow any loss and these delivery characteristics about requifed QoS for
delivery of Assets are described in MMT-ADC. For this, Asset for timed data is delivered@nd protected
with [relatively smaller encoding symbol block to support low delay and Asset for nenitimed data is
delivgred and protected with relatively greater encoding symbol block to get higher FEC recovery
performance and lower FEC overhead. Therefore, Case 2 of two stage FEC coding'structure is used for
delivé¢ry service of hybrid contents which requires two different QoSs, such as AVyand File data.

On tHe other hand, when Asset for timed data such as AV streaming delivery service is multicast (or
broadcast), some end-users (User Group A) of the multicast (or broadcasf)group can be under relatively
good|channel condition (e.g. 1 % packet loss or random packet los$) and the others (User Group B)
can He under relatively bad channel condition (e.g. 10 % packet loss’ or burst packet loss). For this, it
is prgferable that the Asset be delivered and protected with relatively smaller encoding symbol block
to prpvide low delay service to User Group A and with relativély greater encoding block to provide
reasdnable FEC recovery performance to User Group B. Therefore, Case 2 of two stage FEC coding
strucfure is used for streaming multicasting (or broadcasting) service of Asset for timed-data.

The MMT HRBM is applied for each Asset, i.e. the MMTP packets having the same packet_id. For two
stage] coding structure, the MMT HRBM is extended to multiple Assets which are protected as an
FEC qJource flow. The HRBM messages for all Assets in an FEC source flow should be determined by
considering whether FEC2 decoding is applied)to each Asset or not.

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

Asset A
" e De-jit MMTP
Ratkat Asset B Decoding Asset A - e~ .tn'3r
I Fier [ e repan | Bufer > Bulte = Decap. >
pa o for 15 FEC for Asset A Buffe
l
: Source
L curnbal
|
v
Asset A
Asset B :EP. Assat B De—jitter MMTE
“Y | Decoding S ) o Decar
sd rmmaie | Buffer - uffe ) - ecap.
219 repai | for 2nd FEC for Asset B Buffer

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 provide low delay service and Assets for non-timed data are receyered
by using both FEC 1 decoder in the split source packet block units and FEC 2 decoder in source packet
block units to provide higher FEC recovery performance.

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 fieldis calculatpd by
summing of max transmission delay and protecion window time ferFECI. On the pther
hand, the value of fixed end to end delay field for File Asset is calculated by summing of fnax
transmission delay and protecion window time for FEC 2. Nete-that the MMTP packets
delivering Assets for Video and Audio can be recovered by FEC 2 decoder, but those packets may njot be
used in MPU reconstruction process.

5.15.2.3 Use case: Streaming multicasting (or broadcasting)@etwo 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
broadcast) to two different end-user groups who are unider two different channel conditions each| 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 §ingle
FEC source flow is segmented into one or more‘Source packet blocks and each source packet blpck is
protected by Case 2 of two stage FEC coding structure.

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

5.15.3 MPU mapping to,source packet block

5.15.3.1 Overview

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

In order to recover lost MMTP packets, the FEC decoding needs to collect sufficient number of encpding

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
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or more complete MPUs or part of a single MPU. More precisely, the MMTP packets from the Asset are

map

ped 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.

](\Lase 3: A source packet block only contains a complete set of MMTP packets packetized from M (>1)
PUs of the Asset.

Figurle 33 show examples for the three cases for “Aligned MPU mapping to source packet block (SEB)” in

case

fthat FEC source flow consists of MMTP packets for a single Asset. In this figure, “Case 1 Ex.” is an

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

The

MPU boundary

MMT Asset .. H (i-1)th MPU ith MPU (i+1)th MPU m 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 MPUO (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 3 E 2i-3)th B @i-2)cth  2i-0th M 2ith W 2i+L)th 2i+2)th [ (2i+3)thf (2i+4)th
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Figure 33 — Examples for MPU mapping to source packet block (SFB)

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

sourde flow is a flowyof MMTP packets delivering more than one MMT assets. The design concept of
“aligned MPU mapping to source packet block” is to minimize the unintended delay caused by AL-FEC

prot

gction. Some& MPUs in different Assets can have close relationship and be multiplexed and then

considered as:a"unit. Let us refer to this kind of set of MPUs as group MPU (GMPU). Then, in the encoding
procgss of\the source flow, a source packet block contains one or more complete GMPUs or part of a
singl¢ GMPU. More precisely, the MMTP packets from the Assets are mapped to source packet blocks in

one

34
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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 MMTP packets packetized from M (>1)
GMPUs of the Assets.

© ISO/IEC 2015 - All rights reserved


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

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

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

ouree—fHoewbyrecoverinsthetost-MMITPRp e e er—fixed-end o-end-delay (i.e.

maximum transmission dlay + FEC protection window time) which is provided by the HRBM 1

Q
Broadband q/
Broadcast Server '\(b .

Tower
&

english

Figure 34 — Hybrid servic\&@r primary and secondary audios
b

N

A’\Q) Broadband

Broadcast Server

Tower \O

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,

— l\IlMT sending entity creates HRBM message with fixed end to end delay = 3 s and maximum
transmission delay = 2 s, and

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

broadcast

ﬂ AL-FEC |t1+a+b Dejitter 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| FEC source packets for the source packet block are delivered over UDP or TCP/IP through
broadband network and the FEC repaif-packets for the repair symbols are delivered over UDP/IP
throygh broadcast network.

6 Use cases for MMT deployment

6.1 |Overview

This [lause gives implementation guidelines on specific deployment use cases and examples utilizing
MMT]|standard ferspecific purposes. This Clause intends, in particular, to guide implementers how MMT
specification €an'be utilized or extended for the specific topics such as, but not limited to the following:

— DASH ever MMT;

N otk cachinag /IMANE ntiliZzing MMT.
eeWwohederHR S Aoy e e AR g v

— 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).

36 © ISO/IEC 2015 - All rights reserved


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

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

6.2.1 Delivery of the MPD

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 up

dates

are discovered by checking for the table identifier in signalling messages of that particular package.

The MPD is then used by the client (DASH client) to drive the presentation. It is required<th
segments that are addressed by the MPD should be readily available at the receiver side, i.e~deli
and recovered by their segment availability start time. This may be ensured by setting delivery sch
and the HRBM parameters appropriately.

6.2.2 Delivery of the data segments

6.2.2.1 Delivery using the MPU mode

at all
rered
kdule

When delivering DASH content using the MPU mode, each Representation is considered as an MPU. It

is important to note that the concatenation of all segments of a Representation results in a fragm
ISOBMFF compatible file, which is equivalent to an MPU in MMT terms.

The initialization segment of the Representation is the MPU«metadata and is marked appropr
during the delivery to ensure that it is recovered by the receiver. The MPU metadata has to be deli
repetitively to ensure that all clients, independent of the time they join the session, will ultimatg
able to recover it. The MPU mode provides the means‘for' marking these important packets by s¢
the FT field to MPU metadata. Similarly, fragment metadata is important for every fragment and s
also be delivered repetitively to increase the probability of recovery.

All segments of a Representation are then marked as belonging to the same MPU by using the
packet_id and MPU sequence number to anark them. The mapping between the Representatiol
the packet_id and MPU sequence numbér is provided by the Identifier_mapping syntax elemen
is provided in the MP table. The simplest usage of the identifier_mapping in this case is to pr

bnted

ately
yered
ly be
tting
hould

same
h and
F that
pvide

the representation_id as provided\in the MPD. Other approaches, e.g. using the URL template for all

segments of that Representationinay be used instead.

At the sender side, the data is delivered on movie fragment basis. However, at the receiver side
media segment needs to-be'recovered appropriately and timely. It is then necessary for the receiy
be able to identify theSegment boundaries and the segment information. This may be done in one
following ways:

— a segmentis\ecovered by identifying its boundaries using the presence of the segment inde
(“sidx”)4rom the current and the following segment;

— asegmient is recovered by checking the timestamp of the first sample in the movie fragmen
example, extracted from the “tfdt” box or the “sidx” box) and using the MPD to identify the g
segment that has the same starting time;

each
er to
bf the

X box

t (for
hedia

— the segment boundary may be deduced from the segment duration by dividing the fragmen

start

time by the duration of the media segment for that Representation.
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Figure 37 — Segment boundary detection

2 Delivery using the GFD mode

When using the GFD mode, each segment of the DASH Representation is delivered as a regular file. The

conng¢ction between those segments may be established using the packet_id. The conniéction between
the file (transport object) and the segment information is established using the-idefitifier_mapping
information in the MP table. The most appropriate mapping in this case could béthe URL template or
the URL list. Based on that mapping, the TOI can be used to directly recover the segment number and
the s¢gment URL.

6.3 |Client operation for DASH service delivered through MMT-Protocol

6.3.1| Delivery of MPD with MMTP

For the application using MMTP for the delivery of DASH.service, MPD can be received as an MPT _
tablle () with MIME type setto application/dash+xm}.

6.3.2 Delivery and consumption of DASH Segments with MMTP

6.3.2]1 Reconstruction of DASH Segments

6.3.2|11.1 Use of GFD mode

MMTP provides GFD mode for the delivery of any type of generic file. Any DASH segment can be
delivered as a generic file using the'GFD mode of MMTP. Reconstruction procedure described in 5.2.3 is

appli
6.3.2
MPU

bd to reconstruct DASH Segments in this mode.

1.2 Use of MPUmode
mode of MMTP\is used to deliver MPUs. Therefore, MPU mode can be used to deliver a DASH

Segmlent when it also has “mpuf” as a compatible brand. Reconstruction procedure described in 5.2.2 is

appli

6.3.2

pd to reconstruct DASH Segments in this mode.

2 A Consumption of DASH Segments

6.3.2

.2.1 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

6.3.2.2.2 Client without HTTP cache

If the client receiving DASH Segments over MMTP does not have an HTTP/1.1 €ache, reconstr
DASH Segments are consumed by the DASH client through special DASH Segménts buffered as s
in Figure 39. As soon as DASH Segments are reconstructed they are moved to alDASH Segments K
which stores DASH Segments with associated URLs as shown in Figure 40.“Associated URLs of
Segments can be found from a GFDT when GFD mode is used or from am mmpu box when MPU m
used. The DASH Client in this case looks in the DASH Segments Bufferto find an appropriate Seg

Lcted
hown
uffer
DASH
bde is
ment

by using a URL as an index for the search. There may be more than'one representation delivered into

the DASH Segments Buffer, each comprising different data rates,deyvels of video quality, and robus
If a DASH Segment at the desired quality level is not found, aDASH Segment at the next lower q

level 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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Figure 41 — Conceptual architecture of hybridservice client

The flinction of each block is described as follows.

a)

b)

40

The MMTP packet filter receives MMTP packets fronithe broadcast network and delivers them to
the appropriate processing block, either the MMTRsignalling message parser or the FEC decoding
Huffer. The MMTP packet filter performs the following checks depending on the packet_id of each
MMTP packets.

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

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

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

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

rnnfnnf_fypn_hyfn is MPEG-H Cl then the contained data is delivered tothe 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.

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

4) 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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d)

)

g)

h)

j)

k)

6.5 MMT Caching for Effective Bandwidth Utilization

6.5.1 Overview of MMT caching middlebox architecture

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

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 “Media
elements referencing the relevant DASH MPD file and is delivered to the presentation engine.

Sync”

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.

the received packets. If packets are recovered, they are also immediately copied to De4itter B

De-jitter Buffer receives MMTP packets from FEC Decoding Buffer. De-jitter Buffer stores
packets until the fixed_end_to_end_delay provided by the HRBM message has‘passed sing
time specified in the time_stamp field of each MMTP packets and copies them to the MMT
capsulation Buffer.

The MMTP decapsulation buffer depacketizes MMTP packets received from the De-jitter buffg
reconstructs the MPUs. Reconstructed MPUs are delivered to Media Engines.

The HTTP engine makes GET requests with the URL received from the MPD parser throug
broadband network and receives DASH segments as responses. Received DASH segment]
delivered to the DASH segment buffer.

DASH segment buffer receives DASH segments fromthe HTTP engine and delivers them to |
Engine as soon as the processing of previously delivered DASH segments are finished.

Media Engines receives MPUs and DASH Segments and decode them with appropriate decod
delivers decoded results to the presentation@ngine.

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

Wired backbone network [~ MMT &

High bandwidth Caching Middlebox
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e the
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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

6.5.2

Contg
contg
cachi
using
(e.g.
baseq

6.5.2

The 1
simp

6.5.2
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1 Content-based caching

nt-based caching caches content by its chunks instead of by the whole content. It divides the
nt into smaller chunks and names each chunk using its content hash. Each chunk-is>a unit of
hg, but its chunk name (or ID) is essentially a tightly-bound summary of the chunkcontent. So,
the chunk names, one can easily identify the duplicates across contents withdifferent names
1liases) or even the set of partially-redundant chunks among different conterits. We use content-
| caching to MMT media delivery.

2 Caching unit

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

3 MPUID (Chunk ID) generation

The MPU ID (or name) is simply a SHA-1 hash of the samples-(or items) in an MPU. We run hashing only

over
that 2

6.5.2

the content binary by carefully excluding the metadata such as asset ID or MPU sequence number
re not bound to the video or audio content itself.

3.1 MPU with timed media

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

over

i1l mdat binaries stitched togetherinan MPU.

s [lm moov m mdat m mdat
fryp/ || i ||m (]| ,MMT , 0 ‘ Hint Sample ‘ o ‘ Hint Sample ‘
i . Media
styp || d | e hint ack 0 0
xt[\a track trac 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

MPU ID = SHA1 (all items boxes)

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

f|lm moov
t m
yilp l\l/{}\r/{g‘ meta Item1 Item?2 [tem3
pllu track
Item1 | Item2 | Item3

Figure 45 — MPU id generation for non-timed media

—6.5.3  MPUSync protocol between server and cacning middtebox —————————

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

W Caching Middlebox

2. Relay content(package) request

3-1. Request CI file

3-2.Send ClI file N

Parse Clfile
& Request Asset 4. Fend_ Cl file
using signal message

5-1.MMT Asset request(chunk ID request) |I

b |
|

I

Compare MPU
with cached MPU

5-2. Response with list of chunk ID

6-1. Request MPU

6-2. Send requested MPUs

Store chunk
to Cache storage &

S -Middleb
srverTiadiebox Construct MPU

Protocol 7.Send MPUs with.adaptation

-+ » MMT Protocol }
MMT Session Protocol

Figure 46 — Operation sequence

Figurle 46 shows an overview of how the protocol werks. Note that the following shows one
implgmentation of the protocol using custom HTTP_headers, but one can implement the same
mechlanism using custom web services based on XML-RPC, JSON-RPC, RESTful API], etc.

First)in order to work as server, the middlebox agks for a CI file and an HTML file at the server using
“X-CIRequest” and “X-HTMLRequest” HTTP custom headers. After parsing the CI and HTML files, the
midd|ebox retrieves the name of the asset,«and 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 chunk content is cached for each ID:In’ case of a cache hit, the middlebox requests the header of the
MPU fhat consists of non-mdat boxes\(e.g, moof and moov boxes) by using the “X-MPUHeaderRequest”
head¢r and reconstructs the MPU%n real time. On a cache miss, the middlebox asks for the entire MPU
by usfing the “X-MPURequest” lieader and store the MPU content (e.g. mdat part) in cache storage along

with jts MPU ID (or chunk ID),

6.5.3|2 Request messages

In this subclause,qve-define custom HTTP headers as one example for requesting a Cl file, a MPU ID list,
an MPU, and an MPU header. Again, these are just an example of a possible implementation and one can

chooge to use.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/Pockaget HFTR/AT

Host: test. mmt.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 sequencé numbers of MPUs and
the response should contain the MPU IDs that correspond to those MPUs’in the range. The path In the
first line represents the asset name.

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

6.5.3.2.4.1 Format

X-MPURequest: MPU_SeqNumber

6.5.3.2.4.2) "Example
GET /Packagel/Assetl HTTP/1.1

Host: 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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.2.5.2 Example

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

.3 Response messages

6.5.3

If X-M
The I
isunl
numbk
the X

6.5.3

6.5.3

6.5.3

X-MP,
meta
requg

3.1 X-MPUIDRange

PUIDRange is used in a response, it specifies the range of the requested MPU IDs in the respohse.
ength represents the total number of chunks in the requested asset. If the total number of\chunks
known (e.g., live media), the length is set to -1. Each line in the response body consists ef@sequence
er of an MPU and its MPU ID. The number of lines in the response body should mat¢hthe range in
MPUIDRange header.

3.1.1 Format

X-MPUIDRange: MPU_SegNumStart-MPU_SeqNumEnd/Length

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

3.1.2 Example

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

12341242
22421245
3 2241244
41234124

3.2 X-MPUHeader
[JHeader is-a‘response header that specifies the MPU sequence number and payloadized MPU

Hata is carried in the response body. This is used as a response to X-MPUHeaderRequest in the
st.

6.5.3

3.2.1 Format

46

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-MPUContent is a response header that specifies the MPU sequence number whose payloadize
content is carried in the response body. This is used in response to X-MPURequest in the'fequest.

6.5.3.3.3.1 Format

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

6.5.3.3.3.2 Example

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

.ftyp..mp41..mmpu...

6.5.4 MMT Cache Manifest

The data path for cache in video broadcasting over the Internet is illustrated in Figure 47, dij
serving each end user from the originating CDN server is not feasible for the following reasons:

d full

ectly

— Computing power: the server computing power is limited, can only support a limited number of

concurrent connections;

users consuming video at bit rate B. For emerging high bandwidth applicationslike UHD, this can
eat up the bandwidth, e.g. B = 16 Mbps, to serve 1 000 user will require 16 G out-going bandwi

— Out-going bandwidththe original content server has to have n x B out-going bandwidth, to sup;Eort n

— End-to-Enduhcertainty: once the packetleft the originating server, the current state of Internet c
guarantee/throughput or delay; in fact, this is the uncertainty that will stay with us for a long tiy

asily
h;

hnnot
he.
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CDN
Server

\ | manifest

k/ manifest manifest .

Figure 47 — Cache in Internet video delivery

By utjlizing caches at various places in the network, instead.ef serving the end user from the originating
server, cache hosts can do the job, with usually much sherter RTT, and alternative delivery path that
may have less congestion.

Contént at the originating server is well behaving aredictable, as it is becoming available linearly over
time.|But for content at caches, such characteristi¢9are not the case. Due to user behaviour and different
start|time of streaming, different cache may_contain different segments of content and with different
sub-representations (in DASH terminology) with different quality and QoS requirement. A hypothetical
simple case without fragmentation is illustrated in Figure 48.

- |
Cache 1 A

; So L e
Cacheglk |
: Sk Uk €
€ache N .
SN Iy ex time
Fisul | &4 43 Cdbllc atatuo

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.

S1

SegMf,

RDOp 1:
-MFU index ——————>

S,
Asset ID

S

sjulidiasul4/dwelsswi| s|dwies 19¢sy

SegMf,

SegMf,

SegMf,

- QoS parameters
- QoE parameters

RDOp 2:
-MFU index ————>
- QoS parameters
- QoE parameters

RDOp 3:
- MFU index —**%

- QoS par:
- QoE fséeters

aué&q 1epw

Figure 49 — MMT cache illustration

6.6 Usage of ADC signalling messageé

6.6.1 Overview

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

6.6.2 Operation in(MMT sending entity

MMT sending entitycan send the ADC information of an Asset to MANEs and receiving entities by
signalling mesSages. The ADC message is made from the ADC parameters by MMT sending entif
Assets within an MMT packet flow.

To proyide more accurate information, MMT sending entity can update ADC message with paraj

b and

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

durir
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pver, MANE router can characterize actually required network resources based on (the
sponding updated ADC messages, for an MMT flow which is comprised of flow of multiple Assets.
be of the delivery of Assets having delay constraints, network resources between media source
estination can be reserved based on its peak-rate. However, it can result in inefficienttdbdndwidth
, because fixed bandwidth resource is dedicated to certain traffic while it is time-varying. MANE
stimate actually how much portion of those reserved resources will not be or is hot being used
ADC message. Then, MANE can make use of those tentatively idle resourcesAfor“other traffics if
hble, by its own decision.

Example operation in MMT receiving entities

eceived ADC can help MMT receiving entities to estimate how muchamount of buffers they should
lly secure for each Asset (MMT sub-flow). As ADC information is provided with update, MMT
ing entity can also be updated with new buffer sizes to secute.

MMT Deployment in Japanese broadcasting systéms

Overview

(Association of Radio Industries and Businésses) has published its standard STD-B60 “MMT-
| media transport scheme in digital broadc¢asting systems”, which describes the media transport

and multiplexing layers in broadcasting systems using MMT. It specifies the usage and extensions

of IS
addit
broad

This
6.7.2

6.7.2

This
the p

D/IEC 23008-1 for broadcasting seryicées. The extensions include the MMTP packet header and
jonal signalling information. Some'of the signalling information used in the MPEG-2 TS based
[casting systems has been transplanted to the MM T-based broadcasting system.

subclause gives implementdtion examples of Japanese broadcasting system based on MMT.
Broadcasting systems using MMT

1 System structure

subclause describes the general structure of MM T-based broadcasting systems. Figure 50 shows

50

rotocol stack of MM T-based broadcasting systems.
Signalling , ] .
Time | information Video | Audio | Cc | Application
MMT
UDP/IP

[P multiplexing scheme (Layer 2)

Broadcasting channel (channel coding & modulation)

Figure 50 — Protocol stack of MMT-based broadcasting systems

© ISO/IEC 2015 - All rights reserved


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

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

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

The systems also have MMT signalling information (MMT-SI). MMT-SI is signalling information dn the
structure of a TV programme and associated information on TV services like the Electroni¢ Rrogrgmme
Guide (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, tifne informatjon is
also delivered in IP packets.

6.7.2.2 Service configuration in a broadcasting channel

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

A broadcasting service is generally a series of TV programmes.ln MMT-based broadcasting sysftems,
one MMT Package corresponds to one broadcasting service. The relationship between the broadcdsting
service and the MMT Package is shown in Figure 51. Asishown in Figure 51, one TV programpme is
distinguished from the rest of the service by its start and.end times and corresponds to one event

— ——
N
. \"4
service \,\(\ )
. service .
( MMT Package ) ‘?S% —— Sservice
Package |( )
N Package g Elen
=] =
ARSI INERE SIlE] Il &
o Q B =
event g < § g g S 22 2
(programme) 3 S 2 p b o s s S
g S kS S o o o
8 2 =} 'E =1 [5) > = >
SRR 1|7 =1 b=
= © \ / = El =
SYHIRIN)
O : —
\% IP data flow \ )
\v&
Q~
$Q‘ Layer 2 stream Layer 2 stream

physical broadcasting channel

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/I 230081 hac l—\ccn dC'v'Cle"'] to-SHPPer:

dolivvary of maadia data Avunr hataragnnanuic natvrarlrc
oo o-r—aSB ee—+t6-SHppoerteaevery-oreeiaaataBver1eterogeneousShHetworKksS

incluling broadcasting channels and broadband networks. In the MMT specifications, broadcasting
channels and broadband networks can be treated in the same way for delivery of content. Figure 52
showsp a service configuration using both broadcasting channels and broadband networks.

In Figure 52, video component 1, audio component 1, and closed caption 1 are delivered on breadcasting
channels. In addition to these components, video component 2, audio component 2, and clesed caption 2
are dglivered on broadband networks.

In the broadcasting channels, the three components are multiplexed into one IP data/flow and delivered
in ong layer 2 stream, since all transmitted information is delivered to all receiver terminals. On the
otherthand, in the broadband networks, components are delivered as a separateP data flow, since each
component is delivered to the receiver terminal requesting it.

In MMT-based broadcasting systems, media components delivered ii-different channels can easily

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

6.7.3.1 Overview

MMT-based broadcasting systems use the syntax and semantics of the MMTP payload and MMTP
packet 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
fields: extension_type, extension_length, and header_extension_value. Although the header.extepsion
can be used for various purposes, it contains only one piece of information. The multiztype hgader
extension described below enables it to contain multiple pieces of information.

header_extension_value - When the extension_type field is set to 0x0000, this field has the strujcture
shown 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+&){

hdr_ext_byte 8 bslbf
}

}

}

hdr_ext_end_flag - When,this flag is set to “1”, this multi-type header extension is the end ¢f the
header extension. When this flag is set to “0”, this multi-type header extension is not the end pf the
header extensiong

hdr_ext_type - This’field specifies the type of multi-type header extension. The value of hdr_ext| type
is specifiedinTable 2.

Table 2 — Hdr_ext_type values

Value Description
0x0000 reserved for future 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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