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Description

Title of Invention: METHOD AND APPARATUS FOR ENCAP-
SULATION OF MOTION PICTURE EXPERTS GROUP MEDIA
TRANSPORT ASSETS IN INTERNATIONAL ORGANIZATION

[1]

2]

[3]

[4]

[S]

[6]

[ 7]

FOR STANDARDIZATION BASE MEDIA FILES
Technical Field

This disclosure relates generally toa method and apparatus transferring media content
for encapsulation of Motion Picture Experts Group (MPEG) Media Transport (MMT)

assets in International Organization for Standardization (ISO) Base Media Files.

Background Art
Motion Picture Experts Group (MPEG) Media Transport (MMT) specifies tech-

nologies for the delivery of coded media data for multimedia services over het-
erogeneous Internet Protocol (IP) network environments. The delivered coded media
data includes both (1) audio-visual media data of which the data units have an inherent
timeline (namely timed data) and (11) other types of data that do not have an inherent

timeline among their data units (namely non-timed data).
Disclosure of Invention

Technical Problem
MMT 1s designed under the assumption that the coded media data 1s delivered

through a packet-based delivery network using Internet Protocols, such as the Realtime

Transport Protocol (RTP), Transmission Control Protocol (TCP), and User Datagram
Protocol (UDP).

Solution to Problem

This disclosure provides a method and apparatus for encapsulation of Motion Picture
Experts Group (MPEG) Media Transport (MMT) assets 1n International Organization
for Standardization (ISO) Base Media Files.

In a first embodiment, an apparatus includes receive path circuitry configured to
receive an MMT container. The apparatus also includes a processing device configured
to 1dentity locations of one or more media fragment units (MFUSs) in the MM'T
container using a hint track within the MMT container.

In a second embodiment, an apparatus includes transmit path circuitry configured to
transmit an MMT container. The apparatus also includes a processing device
configured to 1dentify locations of one or more media fragment units (MFEUSs) 1n the
MMT container using a hint track within the MMT container.

In a third embodiment, a method includes receiving an MMT container. The method
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also includes identifying locations of one or more media fragment units (MFEFUSs) 1n the

MMT container using a hint track within the MMT container.
In a fourth embodiment, a method includes receiving MFUs of an MM'T container,

identifying missing MFUs, marking them appropriately or adjusting the metadata for
correct processing.

Other technical features may be readily apparent to one skilled in the art from the
following figures, descriptions, and claims.

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document. The terms "include” and "comprise,” as well as derivatives thereof, mean
inclusion without limitation. The term "or" 1s inclusive, meaning and/or. The phrase "as-
soclated with," as well as derivatives thereof, may mean to include, be included within,
interconnect with, contain, be contained within, connect to or with, couple to or with,
be communicable with, cooperate with, interleave, juxtapose, be proximate to, be
bound to or with, have, have a property of, have a relationship to or with, or the like.
The term "controller” means any device, system or part thereot that controls at least
one operation, and such a device may be implemented 1n hardware or in a combination
of hardware and software/firmware. It should be noted that the functionality associated
with any particular controller may be centralized or distributed, whether locally or
remotely. The phrase "at least one of,” when used with a list of items, means that
different combinations of one or more of the listed items may be used, and only one
item 1n the list may be needed. For example, "at least one of: A, B, and C" includes any
of the following combinations: A, B, C, A and B, A and C, B and C, and A and B and
C. Definitions for certain words and phrases are provided throughout this patent
document, and those of ordinary skill in the art should understand that in many 1f not
most instances, such definitions apply to prior as well as future uses of such defined

words and phrases.

Brief Description of Drawings

For a more complete understanding of this disclosure and its advantages, reference 1s
now made to the following description taken in conjunction with the accompanying
drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates example scalable video delivery over a heterogeneous network
to diverse clients according to this disclosure;

FIGURE 2 illustrates an example MMT device according to this disclosure;

FIGURE 3 illustrates example functionalities provided by Motion Picture Experts
Group (MPEG) Media Transport (MMT) according to this disclosure;

FIGURE 4 illustrates an example MMT encapsulation according to this disclosure;
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FIGURE 5 1llustrates an example MMT encapsulation with a sample level hint track

and a sample level media track of timed media according to this disclosure;
FIGURE 6 illustrates an example MMT encapsulation of media that does not include

timed media according to this disclosure; and
FIGURE 7 illustrates an example method for receiving Media Fragment Units
(MFUSs) according to this disclosure.

Best Mode for Carrying out the Invention
FIGURES 1 through 7, discussed below, and the various embodiments used to

describe the principles of this disclosure in this patent document are by way of 1l-
lustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art understand that the principles of this disclosure may
be implemented 1n any suitable device or system.

FIGURE 1 1llustrates example scalable video delivery over a heterogeneous network
to diverse clients according to this disclosure. The embodiment shown in FIGURE 1 1s
for illustration only. Other embodiments could be used without departing from the
scope of this disclosure.

A heterogeneous network 102 includes a Motion Picture Experts Group (MPEG)
Media Transport (MMT) server 104 that serves media content (such as image, audio,
and video content) to MMT clients 106-114. The MMT server 104 and the MMT
clients 106-114 represent MM'T devices and could be implemented as shown 1n
FIGURE 2 or in any other suitable manner. The MMT server 104 can send full-
resolution video streams 116 via the heterogeneous network 102 to the MMT clients
106-114. The MMT clients 106-114 receive some or all of the video stream 116 at one
or more bit rates 118-126 and one or more resolutions 130-138 based (among other
things) on a type of connection to the heterogeneous network 102 and a type of the
MMT client. The types and bit rates of connections to the heterogeneous network 102
can include high-speed backbone network connection 128, 1000 megabit per second
(Mbps) connection 118, 312 kilobit per second (kbps) connection 120, 1 Mbps
connection 122, 4 Mbps connection 124, 2 Mbps connection 126, and so forth. The
resolutions 130-138 can include 1080 progressive (1080p) at 60 Hertz (1080p @60Hz)
130, quarter common intermediate format (QCIF) at 10Hz 132, standard definition
(SD) at 24Hz 134, 720 progressive (720p) at 60Hz 136, 720p at 30Hz 138, and so on.
The types of clients 106-114 can include a desktop computer 106, mobile phone 108,
personal digital assistant (PDA) 110, laptop 112, and tablet 114.

The media content, also referred to as an MMT asset, 1s sent via MMT containers
from the MMT server 104 to the MMT clients 106-114 via one or more MFUSs. The
MMT asset can be consumed by the MMT clients 106-114, even when not all of the
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MFEUs are received by the MMT clients 106-114. The MMT container identifies the
MFEUs that have been received and have not been received so the MMT clients
106-114 can render the MFUSs that have been received and not render the MEFUSs that
have not been received.

FIGURE 2 illustrates an example MMT device 202 according to this disclosure. The
embodiment of the MMT device 202 shown in FIGURE 2 1s for illustration only.
Other embodiments of an MMT device could be used without departing from the scope
of this disclosure.

The MMT device 202 includes an antenna 205, a radio frequency (RF) transceiver
210, transmit ('TX) processing circuitry 215, a microphone 220, and receive (RX)
processing circultry 225. The MMT device 202 also includes a speaker 230, a
processing unit 240, an input/output (1/0) interface (IF) 245, a keypad 250, a display
255, and a memory 260. The MMT device 202 could include any number of each of
these components.

The processing unit 240 includes processing circuitry configured to execute 1n-
structions, such as instructions stored in the memory 260 or internally within the
processing unit 240. The memory 260 includes a basic operating system (OS) program
261 and one or more applications 262. The MMT device 202 could represent any
suitable device that uses MMT, such as an MMT client 106-114 or an MMT server
104. In particular embodiments, the MMT device 202 represents a mobile telephone,
smartphone, personal digital assistant, or tablet computer. The MMT device 202 sends,
receives, or displays media content via MMT.

The RF transceiver 210 receives, from the antenna 2035, an incoming RF signal
transmitted by a base station or other device 1n a wireless network. The RF transceiver
210 down-converts the incoming RF signal to produce an intermediate frequency (1F)
or baseband signal. The IF or baseband signal 1s sent to the RX processing circuitry
225, which produces a processed baseband signal (such as by filtering, decoding, and/
or digitizing the baseband or IF signal). The RX processing circuitry 225 can provide
the processed baseband signal to the speaker 230 (for voice data) or to the processing
unit 240 for further processing (such as for web browsing or other data).

The TX processing circuitry 2135 receives analog or digital voice data from the mi-
crophone 220 or other outgoing baseband data (such as web data, e-mail, or interactive
video game data) from the processing unit 240. The TX processing circuitry 215
encodes, multiplexes, and/or digitizes the outgoing baseband data to produce a
processed baseband or IF signal. The RF transceiver 210 receives the outgoing
processed baseband or IF signal from the TX processing circuitry 215 and up-converts
the baseband or IF signal to an RF signal that is transmitted via the antenna 205.

In some embodiments, the processing unit 240 includes a central processing unit
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[30]

[31]

[32]
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(CPU) 242 and a graphics processing unit (GPU) 244 embodied in one or more
discrete devices. In some embodiments, the CPU 242 and the GPU 244 are 1m-
plemented as one or more integrated circuits disposed on one or more printed circuit
boards. The memory 260 1s coupled to the processing unit 240. In some embodiments,
part of the memory 260 represents a random access memory (RAM), and another part
of the memory 260 represents a Flash memory acting as a read-only memory (ROM).

In some embodiments, the memory 260 1s a computer readable medium that stores
program instructions to transfer media content via MMT. When the program in-
structions are executed by the processing unit 240, the program instructions cause one
or more of the processing unit 240, CPU 242, and GPU 244 to execute various
functions and programs in accordance with embodiments of this disclosure.

The processing unit 240 executes the basic OS program 261 stored in the memory
260 1n order to control the overall operation of the MMT device 202. For example, the
processing unit 240 can control the RF transceiver 210, RX processing circuitry 223,
and TX processing circuitry 215 in accordance with well-known principles to control
the reception of forward channel signals and the transmission of reverse channel
signals.

The processing unit 240 1s also capable of executing other processes and programs
resident 1in the memory 260, such as operations for identitying MFU locations via a
hint track as described in more detail below. The processing unit 240 can also move
data into or out of the memory 260 as required by an executing process. In some em-
bodiments, the processing unit 240 1s configured to execute a plurality of applications
262. The processing unit 240 can operate the applications 262 based on the OS
program 261 or 1n response to a signal received from a base station. The processing
unit 240 1s coupled to the 1/0 intertace 245, which provides the MMT device 202 with
the ability to connect to other devices, such as laptop computers, handheld computers,
and server computers. The 1/O interface 245 1s the communication path between these
accessories and the processing unit 240.

The processing unit 240 1s also optionally coupled to the keypad 250 and the display
unit 255. An operator of the MMT device 202 uses the keypad 250 to enter data into
the MMT device 202. The display 255 may be a liquid crystal display, light emitting
diode (LED) display, or other display capable of rendering text and/or at least limited
graphics from web sites. Alternate embodiments may use other types of input/output
devices and displays.

For efficient and effective delivery of coded media data over heterogeneous Internet
Protocol (IP) network environments, MMT provides the following elements:

-a logical model to construct content composed of various components for mash-up

applications;
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-a structure of data conveying information about the coded media data for deliv-
erylayer processing such as packetization and adaptation;

-a packetization method and a structure of a packet to deliver media content agnostic
to the specific type of media or coding method used over TCP or UDP including
hybrid delivery;

-a format of signaling messages to manage presentation and delivery of media
content;

-a format of signaling messages to manage presentation and delivery of media
content; and

-a format of information to be exchanged across layers to facilitate cross-layer com-
munication.

FIGURE 3 illustrates example functionalities provided by MMT according to this
disclosure. The embodiment shown in FIGURE 3 1s for illustration only. Other em-
bodiments could be used without departing from the scope of this disclosure.

Functionalities provided by MMT are categorized into three functional areas, namely
an encapsulation layer 302, a delivery layer 304, and a signaling layer 306. The encap-
sulation layer 302 defines the logical structure of media content, an MMT package,
and a format of the data units to be processed by an MMT-compliant entity. An MMT
package includes one or more components having media content and descriptions of
relationships among the components to provide information to the underlying delivery
layer 304 for adaptive operation. The format of the data units 1s defined to encapsulate
the coded media data of the media content to be stored or carried as a payload of a
delivery protocol and to be easily converted between different delivery protocols.

The delivery layer 304 defines an application layer protocol and a format of the
payload. The application layer protocol provides enhanced features, such as mul-
tiplexing, for delivery of coded media data compared to conventional application layer
protocols for the delivery of media content (also referred to as "multimedia™). The
payload format 1s defined to carry coded media data independent of the specific media
type or encoding method.

The signaling layer 306 defines the format of messages to manage delivery and con-
sumption of MMT packages. Messages for consumption management are used to
signal the structure of an MMT package. Messages for delivery management are used
to signal the structure of a payload format and a configuration of the protocol.

The encapsulation layer 302 defines a logical structure and instantiation of an MMT
package within an International Organization for Standardization (ISO) Base Media
File Format (ISOBMFF) for distributed storage and adaptive delivery by a network
entity. Here, an MM'T package defines a logical entity aggregating coded media data of

the media content (namely MMT assets) and the information for delivery layer
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processing. An MMT asset defines the logical structure carrying the coded media data.
MMT assets can collectively reference a number of Media Processing Units (MPUs)
with the same MMT asset identification (ID).

Any type of data that can be individually consumed by an entity directly connected to
an MMT client 1s a separate MMT asset. This includes not only coded media data
decodable by a single media codec but also other types of data that have already been
multiplexed. MPUs provide information about the media data for adaptive packe-
tization according to the constraints of the underlying delivery layer s packet size, such
as the boundaries and sizes of small fragments of the data carried in the MPU. Such
small fragments are known as Media Fragment Units (MFEFUSs). This enables the un-
derlying delivery layer entity to dynamically packetize the MPUs adaptively based on
the size of the maximum transmission unit of the delivery layer 304. MFUSs carry small
fragments of coded media data for which such fragments can be independently
decoded or discarded, such as a Network Abstraction Layer (NAL) Unit of an
Advanced Video Coding (AVC) bitstream.

An MMT encapsulation format instantiated with ISOBMFF includes several features
to correctly capture the logical structure of an MMT package and to achieve the MMT
goals and benefits, which include:

-backwards-compatibility in that MMT encapsulation reuses the ISOBMFF as much
as possible and an ISOBMEFF parses and accesses/extracts media data from a file
storing an MM'T package;

-error robustness to correctly recover an initial structure even in the case of missing
MFUSs:

-external addressing to efficiently locate and address MPUSs independently by upper
layers and the delivery entity without a specitic location of the MPUs;

-support for a unified structure for timed data and non-timed data storage and
delivery;

-ease of access to MPUs and MFUSs to easily extract MPU metadata and MFEFUSs for
adaptive packetized delivery and to enable easy conversion between storage formats
and delivery formats, ideally with the storage format equal to the delivery format;

-support for encapsulation of legacy data formats, such as MPEG-2 transport stream
(TS); and

-low redundancy.

Previous MMT designs have several known 1ssues, including:

-the presence of an MFU "box" tor each MFU in the stream, which results in a large
amount of MFU boxes and very high overhead (such as an MFU box size of 100 bytes
and a NAL size of 1000 bytes, resulting in a 10% overhead);

-the MFU box references the media data therein, limiting flexibility on how to
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packetize the media content via the delivery layer;

-the storage format 1s different from the delivery format, and the delivery format 1s
not clearly defined; and

-non-timed media data is stored 1n a manner that 1s not backwards-compatible.

In addition, IOSBMFF does not provide various teatures of MMT, including:

-independently addressing or consuming movie fragments;

-correctly parsing and consuming a movie fragment if there are missing parts or
packets during packetized delivery; and

-general usage of hint tracks to support packetization that 1s adaptive to a size of a
maximum transmission unit (MTU) of an underlying delivery network.

Embodiments of this disclosure encapsulate MMT content within an ISOBMEFEF by
defining a hint track for an MFU structure. Each MFU 1is described 1n a hint sample of
the hint track of the MM'T. The hint sample of the MMT hint track corresponds to an
MFU header that 1s used to deliver an MFU. The MMT hint sample carries information
about the location of the corresponding media data. An MMT device uses this 1n-
formation, together with an MFU sequence number, an MPU sequence number, and
the asset 1dentifier, to recover the initial MMT asset structure while correctly
identifying the MFUs missing from delivery.

In some embodiments, MMT hint samples are equivalent to MMT Fragmentation
Unit headers as 1llustrated and discussed in relation to FIGURE 4. Some embodiments
can also have the MMT hint track samples and the MM'T media track samples 1n-
terleaved on a per sample basis, such as when each MFU 1s one sample and each chunk
includes one sample 1n both a hint track and a media track, as illustrated and discussed
in relation to FIGURES 35 and 6.

FIGURE 4 illustrates an example MMT encapsulation according to this disclosure.
The embodiment shown in FIGURE 4 is for illustration only. Other embodiments
could be used without departing from the scope of this disclosure.

As shown in FIGURE 4, an MMT asset (mast) 402 and an MPU box (immpu) 404 are
delimited by separate boxes. These boxes facilitate external addressability. The storage
format shown here is different from the delivery format, and an MM'T server uses an
MMT hint track 406 to convert the storage format to the delivery format during a pack-
ctization operation. The MMT server stores timed media as a track of the ISOBMFF,
which contains a single media track 408. The MMT server stores non-timed media as
part of the metadata in an ISOBMFF.

The media track 408 of the ISOBMFF i1s indexed via a "moov" box 410 in a fully
backwards-compatible manner. The MPU box 404 ends at the end of a file or before
the start of a subsequent MPU to implicitly indicate the boundaries of an MPU and to

allow for more flexibility in editing, recording, and incremental generation of live
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content. In some embodiments, the media track 408 of the ISOBMFF i1s indexed by a
"moot” box (such as a moof box 502 in FIGURE 5).

The MMT hint track 406 guides the delivery layer entity, such as an MMT server
104 or MMT clients 106-114, in converting a stored MMT asset 402 into a packetized
media stream. The packetized media stream 1s delivered by an MMT server to an
MMT client using the MMT protocol (MMTP) as the delivery protocol.

The MMT hint track 408 provides to the entity generating the delivery packets, such
as an MMT server 104, location information of the MFUs of an MPU for adaptive
packetization and delivery decisions. The packetization and delivery decisions include
statistical multiplexing and dropping of some MFUSs to cope with instantaneous
network congestion. Media data of an MMT asset within an MMT container are
extracted, together with MMT hint samples, to generate MMT packets. One or more
MFUs may then be used to build a single MMTP packet. Consequently, the storage
formats are not exactly same as the delivery format, which requires an active network
entity that 1s able to extract and encapsulate media data on the tly to build MMTP
packets. The media data may be stored in such a way that an ISOBMFF-compliant
entity can parse the media data.

The MMT hint track 406 provides information about the MFUSs to the network
entities for generation of MM packets. It further fragmentation of an MPU for
delivery 1s not required, the hint track 406 may be omitted completely.

In some embodiments, MMT hint tracks (such as hint track 406) are hint tracks with
an entry format in the sample description of "mmth" and can be defined, for example,
as:

aligned(8) class MM THintSampleEntry() extends SampleEntry('mmtp’ {

unsigned int(16) hinttrackversion = 1;

unsigned int(16) highestcompatibleversion = 1;

unsigned int(1) has_mfus_flag;

unsigned int(1) 1s_timed;

unsigned nt(6) reserved;

MMTAsset asset;

j

The sample description format shown above is for 1llustration only. Other em-
bodiments could be used without departing from the scope of this disclosure. The
semantics of the above sample description format include:

- has_mtus_flag indicates whether the MPUs provide information about MFU s,
whether the hint track provides complete MPUs so that each MFU 1dentified by the
hint track can have a single sample when the MPUs do not provide information about
MFUs, and whether each hint sample refers to an MFU when the MPUs provide 1n-
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formation about MFUs; and

- 1s_timed: indicates whether the media hinted by this track 1s timed or 1s not timed.

Each media sample 1s assigned to one or more MFUs. Each sample of the MMT hint
track can generate one or more MFEUSs that can use the following syntax:

aligned(8) class MMTHSample {

unsigned 1nt(32) sequence_number;

if (1s_timed) {

signed 1nt(8) trackrefindex;

unsigned 1nt(32) samplenumber;

unsigned 1nt(16) offset;

unsigned 1nt(32) length;

}else {

unsigned 1nt(16) item_ID;

}

unsigned int(1) mfu_lost_flag;

Unsigned int(7) reserved;

j

The sample format shown above 1s for illustration only. Other embodiments could be
used without departing from the scope of this disclosure. The syntax of the above
sample format includes:

- sequence_number 1s a sequence number assigned to this MFU;

- trackrefindex 1s an 1dentification of the media track from which the MFU data 1s
extracted;

-samplenumber 1s a sequence number assigned to the sample from which this MFU 1is
extracted;

-item_ ID refers to the item that builds this MFU for non-timed media data;

-offset gives the offset of the media data, and the offset base 1s the beginning of an
"mdat” box containing the sample;

-length gives the length of the MFU 1n bytes; and

- miu_lost_flag indicates whether the MFU has been lost, such as whether the corre-
sponding media data 1s missing or not.

FIGURE 5 1llustrates an example MMT encapsulation with a sample level hint track
and a sample level media track of timed media according to this disclosure. The em-
bodiment shown in FIGURE 35 1s for illustration only. Other embodiments could be
used without departing from the scope of this disclosure.

In sample-based interleaving tor sample delivery, the delivery format corresponds to
the MMT payload format and includes the MFU header and the MFU media data. The
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MFU header 1s a copy of the hint sample, which tacilitates the creation of the MMTP
payload and packets.

In FIGURE 35, a hint track 504 and a media track 506 are interleaved at a sample
level inside of a "moof” box 502 of an MMT container 508. This results in one sample
per chunk and a straightforward packetization process. The MMT container 508 also

includes a "mast” box 510, a "moov" box 512, an "mmpu"” box 514, "moof” boxes 502
and 518, and "mdat" boxes 516 and 520. The moof boxes 502 and 518 include MMT

hint tracks 504 and 522 and media tracks 506 and 524. The mdat boxes 516 and 520
include one or more MFUs 522. The MFUs 522 include MFU headers 524 and
payloads 526. Each MFU header 524 includes an MFU sequence number and op-
tionally includes an mfu_lost_flag.

FIGURE 6 illustrates an example MMT encapsulation of media that does not include
timed media according to this disclosure. The embodiment shown 1n FIGURE 6 1s for
illustration only. Other embodiments could be used without departing from the scope

of this disclosure.

In FIGURE 6, a hint track 602 1s inside of a "moov" box 604 of an MMT container
606. The MMT container 606 includes a "mast” box 610, the "moov" box 604, an
"mmpu” box 614, a "meta” box 632, and an "mdat” box 620. The moov box 604
includes the MMT hint track 602. The meta box 632 includes an "hdlr" box 602, an
"1loc” box 630, and an "1int" box 628. The mdat box 620 includes one or more MFU
622, each of which includes an MFU header 624 and a payload 626.

FIGURE 7 illustrates an example method for receiving MFUs according to this
disclosure. The process depicted in FIGURE 7 can be implemented 1n any suitable

manner, such as by the processing circuitry in an MMT server 104, MMT client

106-114, or other device.

In block 702, an MMT device, such as an MMT server 104 or client 106-114,
receives an MFU of an MM container. The MFU 1s one of one or more MFUs used to
transfer media content contained in the MMT container. In block 704, the MMT device
splits the MFU 1nto an MFU header and an MFU media data. In block 706, the MMT
device uses MPU metadata and an MFU sequence number from the MFU header to
locate an MFU hint sample in the MMT container. In some embodiments, the MMT
device parses the MFU header, which corresponds to the MFU hint sample.

In block 708, the MMT device determines if the media content of the MMT
container includes timed media. It the media content includes timed media, the process
continues to block 710. If the media content does not include timed media, the process
continues to block 712. In block 710, the MMT device uses MPU metadata and MFU
sample information to locate MFU media data from the received MFU 1n the MMT
container. The process then continues to block 714. In block 712, the MMT device
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uses MPU metadata and an item 1dentifier to locate media data in the MMT container.
The process then continues to block 714.

In block 714, the MMT device marks missing MFUs in MPU metadata in the MMT
container. In some embodiments, missing MFUs are marked via the use of an
mifu_lost_flag value for each MFU within an "mdat” box of the MMT container.

If the MMT asset includes timed media, the MMT device places the MMT hint
sample 1n a correct position within the MMT container during processing. The
placement 1s based on the MFU sequence number, which translates into the sample
number in the hint sample. The MMT device also uses the sample and the offset in-
formation in the MFU header, together with the sample tables of the media track (such
as "stco” "stsz,” and "stsc” tables or a "trun" table) to locate the position of the media
data in the MM'T container. If there are any missing MFUs during the delivery, the cor-
responding area in the MM'T container remains empty. In doing so, the MMT device
can safely locate the data for MFUs that are correctly received and skip MFEUSs that are
missing from the delivery.

Although various features have been shown in the figures and described above,
various changes may be made to the figures. For example, the size, shape, ar-
rangement, and layout of components shown 1n the figures are for illustration only.
Each component could have any suitable size, shape, and dimensions, and multiple
components could have any suitable arrangement and layout. Also, various
components in the figures could be combined, further subdivided, or omitted and ad-
ditional components could be added according to particular needs. Further, each
component in a device or system could be implemented using any suitable structure(s)
for performing the described function(s). In addition, while FIGURE 7 illustrates
various series of steps, various steps in FIGURE 7 could overlap, occur 1n parallel,
occur multiple times, or occur 1n a different order.

While this disclosure has described certain embodiments and generally associated
methods, alterations and permutations of these embodiments and methods are apparent
to those skilled in the art. Accordingly, the above description of example embodiments
does not define or constrain this disclosure. Other changes, substitutions, and al-
terations are also possible without departing from the spirit and scope of this

disclosure, as defined by the following claims.
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Claims

An apparatus comprising:

receive path circuitry configured to receive a Motion Picture Experts
Group (MPEG) Media Transport (MMT) container; and

a processing device configured to identify locations of one or more
media fragment units (MFUs) in the MMT container using a hint track
within the MMT container.

The apparatus of claim 1, wherein:

the MMT container 1s an International Organization for Standardization
(ISO) Base Media File Format (ISOBMFF) file; and

the hint track 1s contained within a moov box of the MMT container.
The apparatus of claim 1, wherein:

a fragment of a hint track 1s contained within a moot box of the MMT
container; and

hint samples indexed by the hint track fragment are interleaved on a
sample by sample basis.

The apparatus of claim 1, wherein a header of each of the one or more
MFUs comprises a sequence number of an MFU.

The apparatus of claim 4, wherein the header ot each of the one or
more MFUs comprises an MFU lost flag of an MFU, the MFU lost flag
identifying whether the MFU was received by the apparatus.

The apparatus of claim 35, wherein, after receiving the one or more
MFEUs, an MFU lost tflag of an MFU that was not received 1s marked
missing.

The apparatus of claim 1, wherein:

the MMT container comprises timed media; and

metadata of a media processing unit (MPU) within the MMT container
identifies the locations of the one or more MFUs in the MMT
container.

An apparatus comprising:

transmit path circuitry configured to transmit a Motion Picture Experts
Group (MPEG) Media Transport (MMT) container; and

a processing device configured to include a hint track within the MMT
container, the hint track identifying locations of one or more media
fragment units (MFUSs) in the MMT container.

The apparatus of claim 8, wherein:

the MM'T container 1s an International Organization for Standardization
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(ISO) Base Media File Format (ISOBMFF) file; and

the hint track 1s contained within a moov box of the MMT container.
The apparatus of claim 8, wherein:

the hint track 1s contained within a moof box of the MMT container;
and

hint samples indexed by the hint track are interleaved on a sample by
sample basis.

The apparatus of claim 8, wherein a header of each of the one or more
MFUs comprises a sequence number of an MFU.

The apparatus of claim 11, wherein the header of each of the one or
more MFUs comprises space reserved for an MFU lost tlag of an MFU.
The apparatus of claim 8, wherein:

the MMT container comprises timed media; and

metadata of a media processing unit (MPU) within the MMT container
identifies the locations of the one or more MFUs in the MM'T
container.

A method 1s implemented according to one of claim 1 to 7.

A method 1s implemented according to one of claim 8 to 13.
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