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TRICK MODES FOR NETWORK STREAMING
OF CODED VIDEQ DATA

TECHNICAL FIELD

[8001] This disclosure relates to storage and transpori of encoded moltimedia data.

BACKGROUND

[8062] Digital video capabilities can be incorporated inie a wide range of devices,
inchuding digital televisions, digital direct breadeast systems, wireless broadeast
systems, personal digital assistants (PDAs}, laptop or desktop computers, digital
cameras, digital recording devices, digital media players, video gaming devices, video
game consoles, cellular or sateilite radio telephones, video teleconferencing devices, and
the ke, Digital video devices implement video compression techniques, such as those
described in the standards defined by MPEG-2, MPEG-4, TTU-T H.263 or ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), and exiensions of such
standards, to transmuit and receive digital video information more efficiently.
[8003] Video compression techmiques perform spatial prediction and/or temporal
prediction to reduce or remove redundancy inherent in video sequences. For block-
based video coding, a video frame or slice may be partifioned into macroblocks. Each
macroblock can be further partitioned. Macroblocks 1o an intra-coded (1) frame or shice
are encoded using spatial prediction with respect to neighboring macroblocks.
Maciroblocks in an inter-coded {P or B) frame or slice may use spatial prediction with
respect to neighboring macroblocks in the same frame or slice or temporal prediction
with respect fo other reference frames.
{80041 After video data has been encoded, the video data may be packetized for
transmission or sforage. The video data may be assembled into a video file conforming
to any of a varicty of standards, such as the Internationa Organization for
tandardization (ISO) base media file format and extensions thereof, such as ITU-T
H.264/AV{. Such packetized video data may be transported in a variety of ways, such

as {fransmission over a computer network using network streaniing,
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&085] In general, this disclosure describes techniques for improving streaming of
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media data over a network. These techaiques include support for irick modes, such as
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fast forward, rewind, and seeking within media content streamed over a network, These
techniques also include sapport for representation groups, such as signaling common
characteristics for a group of representations, as well as individual characteristics of the
represendations. Moreover, the techniques inchude providing infonmation for updating
manifest files for strearned media content. The technigues also include providing media
data for targeted advertisements as external periods for media content. These
technigues further include providing and interpreting quality of experience reports from
a client device to a service provider. Furthermore, these techoiques include signaling of
profile data to which a manifest file of media content conforms.
{6066} In one example, a method of retrieving video data inciudes analyzing at least a
portion of a manifest file for rouitimedia content, wherein the portion of the manifest
file includes information indicative of sets of representations of the multimedia content
and information indicative of common characteristics for each of the sets of
representations, selecting one of the scts of representations based on the common
characteristics for the one of the sets of representations, sclecting one of the
representations of the selecied one of the sets of representations based on one or more
coding characteristics of the one of the representations of the one of the sets, and
generating a request oy data of the oue of the representations based on the selection.
{60671 In another example, a device for receiving information for video data inchades
one of more processors configured to analyze at least a portion of a manifest file for
mulimedia content, wherein the portion of the manifest file includes information
indicative of seis of representations of the multimedia content and information
indicative of comamon characteristics for each of the sets of represeniations, select one
of the sets of representations based on the common characteristics for the one of the sets
of representations, sclect one of the representations of the selected onc of the sets of
cpresentations based on one or more coding characteristics of the one of the
representations of the one of the sets, and generate a request for data of the one of the
representations based on the selection.
8008} In another example, a device for receiving information for video data juciudes
means for analyzing at least a portion of 2 manifest file for multimedia content, wherein
the portion of the manifest file includes information indicative of sets of representations
of the multimedia content and information indicative of common characteristics for each
of the sets of representations, means for selecting one of the sets of representations

based on the common characteristics for the one of the sets of representations, means for
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selecting one of the representations of the sclected one of the sets of representations
based on one or more coding characteristics of the one of the representations of the one
of the sets, and means for generating 2 request for data of the one of the represcatations
based on the selection.

8049} In another example, a computer program product includes a computer-readable
storage medium comprises instructions that, when execated, cause a processor of a
device for refrieving video data to analyze at least a portion of a manifest file for
multinedia content, wherein the portion of the manifest file includes information
indicative of sets of representations of the multimedia content and information
indicative of common characteristics for each of the sets of representations, select one
of the sets of representations based on the commion characteristics for the one of the sets
of representations, select one of the representations of the selected one of the sets of
representations based on one or more coding characteristics of the one of the
representations of the one of the sefs, and generate a request for data of the one of the
representations based on the selection.

{6018} In another example, a method of sending information for video data includes
obtaining a set of representations of multimedia content having one or more common
characteristics, wherein cach of the representations in the set have one or more
individual coding characteristics separate from the common characteristics, obtaining a
manifest file for the muliimedia content, wherein the manifest file includes information
indicative of the representations in the set, information indicative of the common
characteristics for the set of representations, and information indicative of the coding
characteristics for each of the representations in the set, and sending at least a portion of
the manifest file to a clent device.

8611} In another cxample, a device for sending information for video data, the device
comprising one or more processoss configured to obtain a set of representations of
multimedia content having one or more common characteristics, wherein each of {he
representations in the set have one or more individual coding characteristics separaic
from the convoon chavacteristics, obtaining a manifest file for the multimedia content,
wherein the manifest file includes information indicative of the representations in the
set, information indicative of the common characteristics for the set of representations,
and information indicative of the coding characteristics for each of the representations

in the set, and send at least a portion of the manifest file to a client device.
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[8612] n another example, a device for sending information for video data includes
means for obtaining a set of representations of multimedia conient having one or more
cemmon characteristics, whersin each of the representations in the set have one or more
individual coding characteristics sepatate from the common characteristics, means for
obtaining 2 manifest file for the mulumedia content, wherein the manifest file includes
information indicative of the representations in the set, information indicative of the
common characteristics for the set of representations, and infermation indicative of the
coding characteristics for cach of the representations in the sef, and means for sending at
feast a portion of the manifest file to a chient device,

[8813] In another example, a computer program product includes a computer-readable
storage medium comprises nstructions that cause a processor of a device for providing
video data to obtain a set of representations of multimedia content having one or more
common characteristics, wherein each of the representations in the set have one or more
individual coding characteristics separate from the comumon characteristics, obtain a
manifest file for the multimedia content, wherein the manifest file includes information
indicative of the representations in the set, information indicative of the common
characteristics for the set of representations, end information indicative of the coding
characteristics for cach of the representations in the set, and send at least a portion of the
manifest file to a client device.

[6014] In another example, 2 method of retrieving video data includes analyzing
information of & manifest file for multimedia conient, whergin the information of the
manifest file indicates that at least one representation of the multimedia content includes
a temporal sub-sequence, determining one or more locations of data for the temporal
sub-sequence, and submitting one or more requests for the data for the temporal sub-
scquencs,

8815 In another example, a device for retrieving video data includes one or more
processors configured to analyze information of a manifest file for multimedia content,
wherein the information of the manifest {ile indicates that at Ieast one representation of
the vwltimedia content includes a teroporal sub-sequence, determing one or more
locations of data for the temporal sub-sequence, and submit one or more requests for the
data for the temporal sub-sequence.

[8016] In ancther example, a device for retricving video data inchudes means for
anatyzing information of a manifest file for nultimedia confent, wherein the

information of the manifest filc indicates that at least one representation of the
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multimedia content includes a temporal sub-sequence, means for determining one or
more locations of data for the temporal sub-sequence, and means for submitting one or
more requests for the data for the temporal sub-sequence.

6917} In another example, a compuier program product includes a computer-readable
medium having stored thereon instructions that, when executed, cause 8 processor of a
device for retrieving video data to analyze information of & manifest file for muitimedia
conient, wherein the information of the manifest file indicates that af least one
represcutation of the multimedia content includes a femporal sub-sequence, determine
one or more locations of data for the temporal sub-sequence, and sabmit one or more
requests for the data for the temporal sab-sequence.

{8018} [n another exampie, a method of sending information for video data includes
obiaining data for at least one representation of multimedia content that includes a
temporal sub-sequence, obtaining data for a manifest file for the multimedia content,
wherein information of the manifest file indicates that the at least one representation of
the multimedia content includes the temporal sub-sequence, and sending ot least a
portion of the manifest file to a client device.

£8919} In ancther exampie, a device for sending information for video data includes one
or more processors configured to obtain data for at feast one representation of
multimedia content that includes a temaporal sub-sequence, obtain data for a manifest
file for the mulfimedia content, wherein information of the manitest file indicates that
the at feast one representation of the multimedia content includes the temporal sub-
sequence, and send at least a porticn of the manifest file to a client device.

{60281 In another example, a device for sending information for video dafa includes
means for obtaining data for at least one representation of multimedia conient that
includes a temporal sub-scquence, means for obtaining data for a manifest file for the
muitimedia content, wherein information of the manifest file indicates that the at least
one representation of the meltimedia content includes the temporal sub-sequence, and
means for sending at least a porticn of the manifest file to a client device.

186211 In another exampie, a computer program product includes a computer-readable
mediun having stored thereon instructions that, when executed, cause a processor of a
device for sending information for video data 1o obtain data for at least one
representation of multimedia conient that includes a femporal sub-sequence, obtain data

for a mantfest fiie for the multimedia content, wherein information of the manifest file
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indicates that the at least one representation of the muitimedia content includes the
temporal sub-sequence, and send at least a portion of the manifest file to a client device,
8022} In another example, a method of retricving video data includes retricving data of
a first segment of a representation of multimedia content in accordance with data of 2
copy of a manifest file stored by a client device, retrieving a portion of a second
segment of the representation in accordance with the manifest file, wherein the second
segrent occurs after the first segment in the representation, and wherein the portion of
the second segment ndicates that the manifest file is 1o be npdsted, updating the copy of
the manifest file stored by the client device based on the indication that the manifest file
is 1o be updated, and retrieving media data of the second segment in accordance with the
updated manifest file.

{0023} In another example, a device for retrieving video data includes one or more
processors configured to retrieve data of a first segment of 2 representation of
multimedia confent in accordance with data of a copy of a manifest file siored by the
device, retrieve a portion of a sccond segment of the representation in accordance with
the manifest file, wherein the second segment oceurs after the first segment in the
representation, and wherein the portion of the second segment indicates that the
mauifest file is 10 be updated, update the copy of the manifest file stored by the device
based on the indication that the manifest file is to be updated, and retrieve media data of
the second segment in accordance with the updated manifest file.

[8024] In another example, 3 device for retrieving video data includes means for
retrieving data of a first segment of a representation of multimedia confent o
accordance with data of a copy of a manifest file stored by the device, means for
retrieving a portion of a second segment of the representation in accordance with the
manifest file, wherein the sccond segment occurs after the first segment in the
representation, and wherein the portion of the second segment indicates that the
manifest file is to be updated, means for updating the copy of the manifest file stored by
the device based on the indication that the manifest file is to be updated, and means for
retrieving media data of the sccond segment in accordance with the updated manifest
file.

[8825] In ancther example, a computer program product includes a computer-readable
medium having stored thereon instructions that, when executed, cause a processor of a
device for retrieving video data fo retrieve data of a first segient of a representation of

multimedia content in accordance with data of a copy of a manifest file stored by the
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device, retrieve a portion of a second segment of the representation in accordance with
the manifest file, wherein the second segment occurs after the first segment in the
representation, and wherein the portion of the second segment indicates that the
manifest file is to be updated, update the copy of the manifest file stored by the device
based on the indication that the manifest file is to be updated, and retrieve media data of
the second segment in accordance with the updated manifest file.
1026} In another example, a method of sending information for video data includes
sending data of 2 manifest file of multimedia content to a client device, wherein the
manifest file includes mformation indicative of a first segment of a representation of the
multimedia content, sending af least a portion of the first segment of the representation
to the client device inresponse to a request from the client device, wherein the portion
of the first segment indicates that the manifest file is to be updated, wherein an updated
version of the manifest file includes information indicative of a second, different
segment of the representation, and sending, in response 10 2 request received from the
cHent device and formed sceording to the updated manifest file, data of the second
segment to the client device.
(66271 In another example, a device for sending information for video data includes one
or more processors configured to send data of 2 manifest file of multimedia content to a
chient device, wherein the manifest file includes mformation indicative of a first
segment of a representation of the multimedia content, send at least a portion of the first
segment of the representation to the client device in response to a request from the client
device, wherein the portion of the first segment indicates that the manifest file is to be
updated, wherein an updated version of the manifest file includes information indicative
of a second, different segment of the representation, and send, in response to a request
cecived from the client device and formed according to the updated manifest file, data
of the second segment to the clicut device.
[6828] In another example, a device for sending information for video data inchudes
means for sending data of a manifest file of muliimedia content to a client device,
wherein the manifest file includes nformation indicative of a first segment of a
representation of the multimedia content, means for sending at least a portion of the first
segment of the representation to the client device in response to a request from the client
device, wherein the portion of the first segment indicates that the manifest file is to be
updated, wherein an updated version of the manifest file inclades information indicative

of a second, different segment of the yepresentation, and means for sending, in response
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fo a request received from the client device and formed according to the updated
manifest file, data of the second segment to the client device.

{60291 In another example, a computer program product includes a computer-readable
medium having stored thereon instructions that, when executed, cause a processor of 2
device for sending information for video data to send data of a manifest file of
multimedia content fo a client device, wherein the manifest file inclades mformation
indicative of a first segment of a representation of the muliimedia content, send at least
a portion of the first segrent of the representation 1o the client device in response to 2
request from the client device, wherein the portion of the first segment indicates that the
manifest file i8 to be updated, wherein an updated version of the manifest file includes
information indicative of a second, different segment of the representation, and send, in
response 1o a request received from the chient device and formed according to the

updated manifest file, data of the second segment to the client device,

BRIEF BESCRIPTION OF DRAWINGS

(0038} FIG. 1 is a block diagram illustrating an example system that implements
techuiques for streaming media data over a network,

6031} FIG. 2 15 a conceptual diagram illustrating clements of an example muitimedia
confent,

{6832} FIG. 3 is a block diagram iHlustrating elements of an example video file, which
may correspond to a segment of @ representation of nulimedia content,

{80331 FIG. 4 is a conceptual diagram illustrating an example moltimedia content
incloding a media presentation description (MPD) and various representation groups.
(6834} FIG. 5 is a conceptual diagram ilustrating another example multimedia content,
in which MPD dats is separated into various portions for varicus vepresentation groups.
i8035} FIG. 6 is a conceptual diagram iHustrating another example multimedia content
that may be used to support trick modes.

[8036f FIG 7 is a conceptual diagram illustrating another example multimedia content
in which segmenis may include MPD update boxes (0 indicate that an MPD of the
multimedia content is to be apdated.

189371 FIG. 8 is a flowchart illustrating an example method for providing indications of

representation groups by a server device, and for selecting representation groups by a
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cHent device as well as an individual representation within the selected representation
group.

18038} FIG. 9 is a flowchart iliustrating an example method for providing data
representative of a tick mode by a server device, and for using the data by a client
device to retrieve and play trick mode data of moltimedia content.

(69397 FIG 10 is a flowchart Hlustrating an example method for providing, by a server
device, indications that a manifest file, such as an MPD, is to be updated, and for
updating an MPD by a client device.

18048 F1G. 1] is a flowchart illustrating an example method for constructing and using

data of a quality of experience (QoE) report document.
q 3 { { 3 ey

DETAILED DESCRIPTION

{6041} In general, this disclosure describes techniques for streaming multimedia data,
such as audio and video data, over a vetwork. The techniques of this disclosure may be
used in conjunction with dynamic adaptive streaming over HTTP (DASH). This
disclosure describes various techniques that may be performed in conjunction with
network streaming, any or all of which may be tmplemented alone or in any
combination. As described mn greater detail below, various devices performing network
sireaming may be configured to implement the techniques of this disclosure.

{8042} In accordance with DASH and similar techniques for streaming data over a
aetwork, muthtimedia content {such as a movie or other audio/video content, which may
also inclhude text overlays or other data) may be encoded in a varisty of ways and with a
variety of characteristics. A content preparation device may form multiple
representations of the same multhvedia content, Each representation may correspond 10
a particular sct of characteristics, such as coding and rendering characteristics, to
provide data usable by a variety of different client deviees with various coding and
rendering capabilitics, Moreover, representations having various bitrates may allow for
bandwidth adapration. That is, a client device may defernmine an amount of bandwidih
that is currently available and select a representation based on the amount of available
bandwidih, along with coding and rendering capabilities of the client device.

{60431 In some exaroples, a content preparation device may indicate that a set of
representations has a set of common characteristics. The content preparation device

may then indicate that the representations in the set form a representation group, in that



WO 2012/021540 PCT/US2011/047125
10

representations in the set can be used for bandwidth adaptation. That s, representations
in the set may differ in bitrate, but otherwise share substantially the same characteristies.
In this manner, a client device may determine various scis of common characteristics for
representation groups of multimedia content, and select a representation group based on
coding and rendering capabilities of the clent device. Then, the client device may
adaptively switch between representations in the selected representation group based on
bandwidih availability.

6044} The content preparation device may also provide sepavate network locations for
different portions of a manifest file, such as a media presentation description (MPD) file
in a format prescribed by 3GPP (Third Generation Partnetship Project). That is,
diffcrent portions of the manifest file may be independently addressable by, e.g., various
uniform resource identifiers (URTs), such as wniform resource locators (URLS). An
initial portion of the manifest file may inclade a URY, URL, or other location identifier
of another portion of the manifest file. For exampie, a first portion of the manifest file
may include descriptions of conunon characteristics of representation groups, as
discussed above.

{8045} Each of the representation groups may be asscciated with a respective different
portion of the manifest file, which may include data indicative of locations of media
data of representations in the respective vepresentation group. In this manner, a chient
device may receive the first portion of the manifest file, select an appropriate
representation group, retrieve another portion of the manifest file for the selected
representation group, select a representation of the selected group, and usc the other
portion of the manifest file 10 retrieve data of the selected representation. Moreover, the
client device may adapt to changing network bandwidth using the other portion of the
manifest filc, that is, the portion speeific to the sclected represontation group.

[8046] Additionally or alternatively, a portion of a manifest file may refer to another
portion of the manifest file for other purposes. That is, 2 portion of the manifest file
may direct a client device to another portion of the manifest file for inserting media data
of a remote period into a movie during playback. The remofe period may correspond to
an advertisement, in some examples. These techniques may be used for targeted
advertising, in some examples. A clent device may provide user information, such as
user identifier, user preferences for advertisements, and/or user demographic
information, to a server device, which may select a portion of the manifest file based on

the user information. Thus, when dereferenced, an external portion of the manifest file
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may be incorporated into the original manifest file, e.g., by the client device. The server
device may provide a location of the portion of {he manifest file assoclaled with targeted
advertisement media content {o the cHent device. The client device may then retrieve
and present data of the fargeted advertisement media content before retrieving data of 2
particular representation of a period of requested multimedia content. In this manmner, a
first portion of a manifest file for multimedia conternt may refer to a second portion of
the manifest file.

H047] In some instances, a user may wish to play video data in a manner other than
from start fo finish. For example, a user may wish 1o play video data in fast forward or
rewind modes, or starting from a particular playback point. Such modes of videc
playback, which are modes other than playing from start te finish, may be referved to as
“trick modes.” n trick modes, becanse not all video data will ultimately be played, «ll
of the video data need not be retrieved. This disclosure provides techniques for
supporting trick modes as well. For example, 2 content preparation device may provide
indications of byte range locations of frames in video dara used for trick modes, such as
instantaneous decoder refresh (IDR) pictures. In general, TDR pictures can be decoded
without reference to data of any frames external to the IDR pictures themselves. Frames
or shices of DR pictures are generally coded in av intra-prediction mode, to avoid
dependencies on other frames or slices. In this mamner, the client device can retrieve
information indicative of locations of IDR pictures o download only data for the IDR
pictures for use in displaying video data in a trick mode, such as fast forward. Other
data way be included in the temporal sub-sequence as well. Data may be arranged in
coding order, such that data used for reference occurs earfier than {and in continuous
byte sequence with) referencing data. For example, an I-frame may precede 4 P frame,
which may procecd onc or more B-frames, any or all of of which may procede other B-
frames that may refer to the carlier B-frame in a hierarchical fashion,

16048} In some examples, a manifest file, such as an MPD, may require occasional
updates. This disclosure also provides techniques for signaling and receiving
indications that an MPD requires an update. In parficular, 2 content preparation device
may include data in segments of representations indicating that a corresponding MPD
requires an update. This data may correspond to an initial element of a segment, which
may indicate the updates fo apply to the MPD and/or locations from which a client
device can refrieve updates to the MPD. The vpdates may comprise an entirely new

MPD or incremental updates relative to a previous MPD for the multimedia content.
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{8045} This disclosure further includes techniques for providing feedback from client
devices to a server device and/or content preparation device. The feedback may
cortespond to, for example, information indicative of data that was retrieved for
muitimedia content. An administrator or other user of the content preparation device
and/or server may use such information in a variety of ways. For example, the user may
configure a content delivery network (CDN) to cache data of more frequently accessed
representations in proxy devices of the CDN, such as routers or other devices. As
another cxample, the user may determine representations that are accessed more
frequently to determine whether certain representations should be added or removed to
or from the current multimedia content, and/or how {o encode representations of future
multimedia content.

F80591 Video files, such as segments of representations of media content, may conform
t0 video data encapsulated according to any of ISQ base media file format, Scalable
Video Coding (SVC) file format, Advanced Video Coding (AVC) file format, Third
Generation Partnership Project (3GPP) file format, and/or Muliview Video Coding
MV} file format, or other similar video file formats.

{8051] The ISO Base Media File Format is designed to contain timed media
information for a presentation in a flexible, extensible format that facilitates
interchange, management, editing, and presentation of the media. IS0 Base Media File
format (ISO/IEC 14496-12:2004) is specified in MPEG-4 Part-12, which defines a
general siructure for time-based media files. The ISO Base Media File format is used as
the basis for other file formats in the family such as AVC file format (ISO/IEC 14496-
15) defined support for H.264/MPEG-4 AVC video compression, 3GPP file format,
SV file format, and MVC file format. 3GPP file format and MVC file format are
cxtensions of the AVC file format, SO base media file format contains the timing,
straciure, and media information for timed sequences of media data, such ag audio-
visual presentations. The file structare may be object-oriented. A file can be
decomposed into basic objects very simply and the structure of the objects is implied
from their type,

60521 Files conforming to the ISO base media file format (and extensions thereof) may
be formed as a series of cbjeets, called “boxes.” Data in the ISC base media file format
may be contained in boxes, such that nc other data needs to be contained within the file
and there need not be data outside of boxes within the file. This includes any iuitial

signature required by the speeific file format. A “box” may be an object-oriented
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buitding block defined by @ unique type identifier and length, Typically, a presentation
is contained in one file, and the media presentation is self-contained. The movie
confainer (movie box) may contain the mefadata of the media and the video and audio
frames may be contained in the media data container and could be in other files,

6033} A representation (motion sequence) may be contained in several files, sometimes
referred to as segments. Timing and framing (position and size) information is
generally in the ISO base media fiie and the ancillary files may essentially use any
format. This presentation may be ‘lecal” 10 the sysiers containing the presentation, or
may be provided via a network or other stream delivery mechanism.

6054} An optional metadata track can be used to tag each wack with the “interesting
characteristic” that it has, for which its value may differ from other members of the
group {e.g., its bit rate, screen size, or language). Some samples within a frack may
have special characteristics or may be individually identified. One example of the
characteristic is the syachronization point (often a video I-frame). These points meay be
identificd by a special rable in cach track, More generally, the nature of dependencies
between track samples can also be docamented using metadata. The metadata can be
structured as a sequence of file format samples, just like a video track. Such a frack
may be referred to as a metadata track, Each roetadata sample may be structured as a
metadata statement. There are various kinds of statements, corresponding 1o the various
guestions that might be asked sbout the corresponding file-format sample or its
constituent samples.

16038} When media is delivered over a streaming protocol, the media may need to be
transformed from the way it is represented m the file. One example of this is when
madia is transmitted over the Real-time Transport Protocol (RTP). In the file, for
cxample, cach frame of video is stored contiguously as a file-format sample. In RTP,
packetization roles specific to the codec used must be obeyed o place these frames in
RTP packets. A streamming server may be configured to calculate such packetization at
run-time. However, there is support for the assistance of the streaming servers.

{8056} The techniques of this disclosure may be applicable to network streaming
protocols, such as HTTP streaming, e.g., in accordance with dynamic adaptive
streaming over HTTP (DASH). In HTTP streaming, frequently used operations include
GET and partial GET. The GET operation retricves a whole file associated a given
uniform resource locator (URL) or other identifier, e.g., URI. The partial GET

operation receives a byte range as an input parameter and refrieves a continuous mumber
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of bytes of a fle corresponding to the received byte range. Thus, movie fragments may
be provided for HTTP streaming, because 2 partial GET operation can get one or more
individual movie fragments. Note thai, in a movie fragment, there can be several frack
fragments of different tracks. In HTTP streaming, @ media representation may be a
structured collection of data that is accessible fo the client. The chient may request and
download media data information {0 present a sireaming service to a user.

{8057} In the exampie of streaming 3GPP data using HTTP streaming, there may be
multiple representations for video and/or audio data of multimedia content, The
manifest of such representations may be defined in a Media Presentation Description
(MPD) data structure. A media representation may correspond 1o a stroctured collection
of data that is accessible to an HTTP streaming client device. The HTTP streaming
client device may request and download media data information to present a streaming
service o a user of the client device. A media representation may be described in the
MPD data structure, which may include opdates of the MPD.

[8058] Multimedia content may contain a sequence of one or mwore periods, Periods
may be defined by a Period element in the MPD. Each period may have an atiribute
start in the MPD. The MPD may include a siert attribute and an availableStartTime
atfribute for cach period. For live services, the sum of the start atiribute of the period
and the MPD attribute availableStariTime may specify the availability time of the
period in UTC formal. in particular the first Media Segment of each representation in
the corresponding period. For on-demand services, the sfart atiribote of the first period
may be 0. For any other period, the st attribute may specify a time offset between the
start time of the corresponding Period relative t¢ the start ime of the first Period. Each
period may extend until the start of the next Period, or until the end of the media
presentation in the case of the last period. Peried start times may be precise. They may
reflect the actual timing resulting from playing the media of al prior periods.

[805%] Each period may contain one or more representations for the same media
content. A representation may be one of a mumber of aliernative encoded versions of
audio or video data. The represeniations may differ by various characteristics, such as
encoding types, e.g., by bitrate, resolation, and/or codec for video data and bitrate,
language, and/or codec for audio data. The terin repregsentation may be used to refer to
a section of encoded audio or video data corresponding to a particular period of the

nultimedia content and eocoded in a particular way.
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{6868} Representations of a particular period may be assigned to a group, which may be
indicated by 2 group attribute in the MPD. Representations in the same groap are
generally considered alicrnatives to each other. For example, cach representation of
video data for a particular period may be assigned to the same group, such that any of
the representations may be selected for decoding to display video data of the multimedia
content for the corresponding period. The media content within one period may be
represented by either one representation from group 0, if present, or the combination of
at most one representation from cach non-zero group, in seme examples. Timing data
for each representation of a period may be expressed refative to the start Hime of the
period,

{8061} A representation may include one or more scgments. Each representation may
inchode an initiatization segment, or cach segment of a representation may be self-
initializing. When present, the initialization segment may contain initialization
information for accessing the representation. In general, the initialization segment does
not contain media data. A scgment may be uniquely referenced by an identifier, such as
a uniform resource locator (URL). The MPD may provide the identifiers for each
segment. In some examples, the MPD may also provide byte ranges in the form of a
range attribute, which may correspond o the data for a segment within a file accessible
by the URL or URL

[6862] Each representation may also include one or more media components, where
cach media component may correspond to an encoded version of one individual media
type, such as audio, video, and/or timed text (e.g., for closed captioning). Media
components may be ime-continuous across boundaries of consecutive media segments
within one representation,

[8663] FIG. 1 is a block diagram iilustrating an cxamploc sysiem 10 that implements
techniques for siteaming media data over a network. In this example, system 10
includes content preparation device 20, server device 60, and client device 40. Chent
device 40 and server device 60 are communicatively coupled by network 74, which may
comprise the Internet. [n some cxamples, content preparation device 20 and server
device 60 may also be coupled by network 74 or another network, or may be directly
communicatively coupled. In some examples, content preparation device 20 and server
device 60 may comprise the same device.

18864} Content preparation device 20, in the example of FIG. 1, comprises audio source

22 and video source 24. Audio source 22 may comprise, for example, a microphone
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that produces electrical signals representative of captured sudio data to be encoded by
audio encoder 26. Alternatively, audic source 22 may comprise a storage medium
storing previously recorded audio data, an audic data generator sach as a computerized
synthesizer, or any other source of audio data. Video source 24 may comprise a video
camera that produces video data to be encoded by video encoder 2§, a storage medium
encoded with previously recorded video data, a video data generation unit sach as a
computer graphics source, or any other source of video data. Content preparation
device 20 s not necessarity commuuicatively coupled to server device 60 in all
examples, but may store multimedia content to 2 separate medivm that is read by server
device 60.

{80651 Raw audio and video data may comprise analog or digital data. Analog data
may be digitized before being encoded by audio encoder 26 and/or video encoder 28.
Audio source 22 may obtain audio data from a speaking participant while the speaking
participant is speaking, and video source 24 may simultanecusly obtain video data of
the speaking participant. in other examples, audio source 22 may comprise a computer-
readable storage mediom comprising stored audio data, and video source 24 may
comptise a computer-readable storage medium comprising stored video data. In this
manner, the techniques deseribed in this disclosure may be applied to live, streaming,
real-time audio and video data or to archived, pre-recorded audio and video data.
[6066] Audio frames that correspond to video frames are generally audio frames
confaining audio data that was captured by audio source 22 contemporancously with
video data captured by video source 24 that is contained within the video frames. For
example, while a speaking participant generally produces audio data by speaking, audic
source 22 captures the audio data, and video source 24 captures video data of the
speaking participant at the samce time, that is, while audio source 22 is capturing the
audio data, Hence, an audio frame may temporally cotrespond to one or more particular
video frames. Accordingly, an audio frame corresponding to a video frame generally
corresponds to a situation in which audic data and video data were captured at the same
time and for which an audio frame and a video frame comprise, respectively, the audic
data aud the video data that was captured at the same time.

{8067} In some examples, audio encoder 26 may encode a Gmestamyp in each encoded
audio frame that represents 2 time at which the audio data for the encoded audio frame
was recorded, and similatly, video encoder 28 may encode a timestarop in each encoded

video frame that represents a time at which the video data for encoded video frame was
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recorded. In such examples, an audio frame corresponding to 2 video frame may
comprise an audio frame comprising a timestamp and a video frame comyprising the
same {imestamp. Content preparation device 20 may inclade an intemnal clock from
which audio encoder 26 and/ot video encoder 28 may generate the timestamps, or that
andio source 22 and video source 24 may use o associate audio and video data,
respectively, with e timestamp.

{88681 In some examples, audio source 22 may send daia to audio encoder 26
corresponding to a time at which audio data was recorded, and video source 24 may
send data to video encoder 28 corresponding to a thne at which video data was
recorded. In some examples. audio encoder 26 may encode a sequence identifier in
encoded audio data to indicate a relative temporal ordering of encoded audio data but
without necessarily indicating an absolute fime at which the audio data was recorded,
and stmilarly, video encoder 28 may also use sequence identifiers {o indicate a relative
temporal ordering of encoded video data. Similarly, in some examples, a sequence
identificy may be mapped or otherwise correlated with a timestany.

8063] Audic encoder 26 generally produces a stream of encoded audio data, while
video enceder 28 produces a stream of encoded video data. Each individuoa! stream of
data (whether audio or video) may be referred to as an elemmentary stream. An
clementary stream is a single, digitally coded (possibly compressed) component of a
representation. For example, the coded video or audio part of the representation can be
an clementary stream. An clementary siream may be converted inio a packetized
clementary stream {(PES) before being ercapsulated within a video file. Within the
same representation, a stream 1D may be used to distinguish the PES-packets belonging
to one elementary stream from the other. The basic unit of data of an elementary stream
is a packctized clementary sircam (PES) packei. Thus, coded video data gonerally
corresponds to elementary videe streams. Similarly, audie data corresponds to one or
more respective elementary streams.,

180781 As with many video coding standards, H.264/AVC defines the syntax,
sermantics, and decoding process for error-free bitstreams, any of which conform 1o a
certain profile or level, H.264/AVC does not specify the encoder, but the encoder is
tasked with guaranteing that the generated bitstreams are standard-comphant for a
decoder. In the context of video coding standard, a “profife” corresponds to a subset of
algorithms, features, or tools and consiraints that apply to them. As defined by the

H.264 standard, for example, a “profile” is a subset of the entire bitstream syntax that is
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specified by the 11.264 standard. A “level” corresponds to the imitations of the decoder
resource consumption, such as, for example, decoder memory and compdation, which
are related to the resolution of the pictures, bit rate, and macroblock (MB) processing
rate. A profile may be signaled with a profile_ide (profile indicator) value, while a Jevel
may be signaled with a level_ide (level indicator) value.

F80711 The H.264 standard, for example, recognizes that, within the bounds imposed by
the syntax of a given profile, it is still possible to require a large variation in the
performance of encoders and decoders depending upoun the values taken by syntax
clements in the bitstream such as the specified size of the decoded pictures. The H.264
standard further recognizes that, in many applications, it is neither practical nor
econontical to impiement a decoder capable of dealing with all hypothetical uses of the
syntax within a particular profite. Accordingly, the F.264 standard defines a “level” as
a specified set of constraints imposed on vahues of the syntax elemenis in the bilstream.
These consiraints may be simple limits on values, Alternatively, these constraints may
take the form of constraints on arithretic combinations of values {e.g., picture width
multiplied by picture height multiplied by number of pictures decoded per second). The
H.264 standard further provides that individual implementations may support a different
tevel for cach supported profile.

{8872} A decoder conforming to a profile ordinarily supports all the features defined in
the profile. For example, as a coding feaiure, B-picture coding is not supported in the
bascline profile of H.264/AVC but is supported in other profiles of H264/AVC. A
decoder conforming to a level should be capable of decoding any bitstream that does not
require resources bevond the limitations defined in the level. Definitions of profiles and
levels may be helpful for interpretability. For example, during video transmission, a
pair of profile and level definitions may be negotiated and agreed for a whole
trausiission session. More specifically, in H.264/AVC, a level may define, for
example, liwitations ou the mumber of macroblocks that need o be processed, decoded
picture butfer (DPB) size, coded picture butfer (CPB) size, veriical motion vector range,
maxinwm number of motion vectors per two consecutive MBs, and whether a B-bleck
can bave sub-macroblock partitions less than 8x8 pixels. Tn this manner, a decoder may
determine whether the decoder is capable of properly decoding the bitstream.

18073} Video compression standards such as ITU-T H.261, H.262, H.263, MPEG-1,
MPEG-2, H.264/MPEG-4 part 10, and the upcoming High Efficiency Video Coding

(HEVC) standard, make use of motion compensated temporal prediction to reduce
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temporal redundancy. The encoder, such as video encoder 28, may use a motion
compensated prediction from some previously eacoded pictures (also referred to herein
as frames) to predict the current coded pictures according to motion vectors. There are
three major picture types in typical video coding. They arve Tntra coded picture (“1-
pictures” or “I-frames”), Predicted pictures (“P-pictures” or “P-frames™} and Bi-
directional predicted pictures (“B-pictures” or “B-frames™). P-pictures may use the
reference picture before the current picture in temporal order. In a B-picture, cach block
of the B-picture may be predicted from one or two reference pictures. These reference
pictutes could be locaied before or afier the current pictare in temporal order.
[8674] Parameter sets generally contain sequence-layer header information in sequence
parametet sets (SPS) and the infrequently changing picture-layer header information in
picture parameter sets (PPS). With parameter sets, this infrequently changing
information need not be repeated for each sequence or picture; hence, coding efficiency
may be improved. Furthermore, the use of parameter sets may enable out-of-band
ransmission of header information, avoiding the need for redundant fransmissions to
achieve error resilience. In out-of-band transmission, parameter set NAL units ave
transmitted on a different channel than the other WAL units,
§8975} fu the example of FIG. 1, cucapsulation unit 30 of content preparation device 20
receives elementary streams comprising coded video data from video encoder 2§ and
elementary streams comprising coded audio data from audio encoder 26. In some
examples, video encoder 28 and audio encoder 26 may each include packetizers for
forming PES packets from encoded data, To other examples, video encoder 28 and
audio encoder 26 may each interface with respective packetizers for forming PES
packets from encoded data. In stili other examples, encapsulation unit 30 may include
packetizers for forming PES packets from cocoded audio and video data.
[8076f Video encoder 28 may eucode video data of juultimedia content in a variety of
ways, to produce different representations of the multimedia content at various bitrates
and with various characteristics, such as pixei resolutions, frame rates, conformance o
various coding standards, conformance to various profiles and/or fevels of profiles for
vartous coding standards, representations having one or multiple views (e.g., for two-
dimensional or three-dimenstonal plavback), or other such characteristics. A
representation, as used in this disclosure, may comprise & combination of audio data and
video data, e.g., one ov mote audio clementary stream and one o1 more video clementary

streams. Fach PES packet may include a stream id that identifics the clementary
Y _ )
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stream to which the PES packet belongs. Encapsulation unit 30 is vesponsible for
assembling elementary sireams into video files of various representations.

(88771 Encapsulation unit 20 receives PES packets for clementary streams of a
representation from audio encoder 26 and videe encoder 28 and forms corresponding
network abstraction layer (NAL) units from the PES packets. In the example of
H.264/AVC (Advanced Video Coding), coded video segments are organized info NAL
units, which provide a “network-friendly” video representation addressing applications
such ag video telephony, storage, broadeast, or streaming. NAL units can be
categorized to Video Coding Layer (VCLY NAL units and non-VCL NAL umits. VCL
units may contain the core compression engine and may include block, macroblock,
andfor slice level data, Other NAL unifs roay be non-VCL NAL vnits. in some
examples, a coded picture in one time nstance, normally presented as a primary coded
pictore, may be contained in an access unit, which may inchude one or more NAL units,
{8078} Non-VCL NAL units may include parameter set NAL units and SEI NAL units,
among ofthers. Parameter sets may covtain sequence-level header information (in
sequence parameter sets (SPS)) and the infrequently changing picture-level header
imformation {(in pickure parameter sets (PPS)). With parameter sets (e.g., PPS and SPS),
infrequently changing information nced not fo be repeated for each sequence or picture,
hence coding efficiency may be improved. Furthermore, the use of parameter sets may
enable out-of-band transmission of the important header information, avoiding the need
for redondant transmissions for ervor resilience. In out-of-band transmigsion cxamples,
parameier set NAL units may be transmitted on a different channel than other NAL
units, such as SEENAL onifs.

[8079} Supplemental Enhancement Information (SEI} may contain information that is
not necessary for decoding the coded pictores samples from VCL NAL units, but may
assist in processes refated to decoding, display, crror resilience, and other purposes. SEL
messages may be contained in non-VCL NAL units. SEI messages are the noymative
part of some standard specifications, and thus are not always mandatory for standard
compliavt decoder implementation. SEf messages may be sequence level SEJ messages
or picture level SEI messages. Some sequence Jevel information may be contained in
SEI messages, such as scalability information SEI messages in the example of SVC and
view scalability information SEI messages in MVC. These example SEI messages may
convey information on, e.g., extraction of operation points and characteristics of the

operation points. Tn addition, cneapsulation unit 30 may form a manitest file, such as a
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media presentation descriptor (MPD) that describes characteristics of the
representations. Encapsulation unit 30 may format the MPD according to extensible
markup language (XML}

[8088] Encapsuiation unit 30 may provide data for ong or more representarions of
multimedia content, along with the manifes: file {o.g., the MPD) to output interface 32.
Qutput interface 32 may comprise a network interface or an interface for writing 1o a
storage mediom, such as a universal serial bus (USB) interface, a CD or DVD writer or
burner, an interface to magnetic or flash storage media, or other interfaces for storing or
transmitting media data. Encapsulation unit 30 may provide data of each of the
representations of multimedia content to output interface 32, which may send the data to
server device 60 via network transmission or storage media. In the example of FIG. i,
server device 60 includes storage mediom 62 that stores various pltimedia contents
64, each including a respective manifest file 66 and cne or more representations 68A~
68N (representations 68). In accordance with the techniques of this disclosure, portions
of manifest file 66 may be stored in separate locations, e.g., locations of storags mediun
62 or another storage mediom, potentially of another device of network 74 such as 4
proxy device.

{8081} Ju some examples, represcntations 68 may be separated into representation
groups, That is, various subsets of representations 68 may include respective common
sets of characteristics, such as codec, profile and level, resolution, number of views, file
formai for segments, text type information thai may identify a language or other
characteristics of text to be displayed with the represenration and/or sudic data to be
decoded and presented, e.g., by speakers, camera angle information that may describe a
camera angle or real-world camera perspective of a scene for representations in the
cpresentation group, rating information that describes content suitability for particular
audiences, or the like,

{6082} Manifest file 66 may eclude data indicative of the subsets of representations 68
corresponding to particular representation groups, as well as common characieristics for
the representation groups. Manifest file 66 may also include data representative of
individual characteristics, such as bitrates, for individual representations of
representation groups. In this manner, a representation group may provide for
simplified network bandwidth adapiation. Representations in a representation group
may be indicated using child elements of a representation group element of manifest file
66.



WO 2012/021540 PCT/US2011/047125
22

{00831 Manitest file 66 may also {that is, additionally or aliernatively) signal trick mode
information for one or more of representations 68. In some examples, one or more of
representations 68 may include a respective temporal sub-scquence for trick mode
support. A trick mode generally corresponds to a playback mode for a representation in
which data of the representation is not played from start to finish, but instead, may
begin af a specified temporal location (e.g., to allow for seeking to a particular temporal
location), or skip one or more frames in cither the forward or reverse temporal divection
(s.g., fast forward or rewind).

[8884] To provide for trick modes, multimedia content 64 may imclude infornzation
representative of locations of data for temporal sub-sequences of corresponding
representations 68, 1o some examples, manifest file 66 may include information
representative of locations of data for the temporal sub-sequences. In other examples,
representations 68 themselves may include the information representative of locations
of data for the femporal sub-sequences. In still other examples, both representations 68
and manifest file 66 may include information representative of locations of data for the
temporal sub-sequences.

[8885] In some examples, content preparation device 20 may prepare media content as
the media content is being recorded, ¢.g., for live services. Encapsulation vnit 30 may
in some cases need to periodically update a manifest file for the media content.
Encapsulation unit 30 may even update the manifest file within a particular period of the
media content. In accordance with the technigues of this disclosure, encapsulation oait
30 may form segments of a representation that include data jndicating that the manifest
file is to be updated. Encapsulation anit 30 may provide the updates in the segments
themselves or in a separate location from which client devices, such as client device 40
may retrieve the updates to the manifest file. In this manner, when manifest file 66
needs to be updated within a particuiar period of multimedia content 64, encapsulation
unit 30 may form a segment of one or more of representations 68 indicating that
manifest file 65 is to be updated.

180861 ln some examples, manifest file 66 may include data for inserting data of a
remote period into multimedia content 64 during playback. For example, rather than
encoding advertisements within multimedia content 64, content preparation device 20
may prepare one or more separate advertiscment media contents to be incorporated into
multimedia content 64 during playback. Client device 40 may in some examples

provide user specific information such that advertisements can be targeted to a user of
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client device 40, sach that a user of client device 40 receives advertisements that are
most preferable and informative to the user. In response to a set of user information,
server device 60 may provide a targeted advertisement portion of the manifest file to
ciient device 40, which may cause client device 40 1o retrieve data of targeted
adverlisement multimedia content. Tu this manner, two or more viewers of the same
multimedia content 64 may receive different targeted advertisements, such that the
advertiserments are most relevant and useful for the users,

180871 Server device 60 includes request processing unit 70 and network interface 72,
in some examples, server device 60 may include a pharality of network interfaces.
Furthermore, any or all of the features of server device 60 may be implemented on other
devices of a content delivery network, such as routers, bridges, proxy devices, switches,
or other devices. In some examples, intermediate devices of a content delivery network
may cache data of multimedia content 64, and include components that conform
substantially to those of server device 60. In general, network interface 72 is configured
to send and receive data via network 74,

{8088} Request processing unit 70 is configured to receive network requests from client
devices, such as client device 40, for data of storage medium 72. For example, request
processing unit 70 may implement hypestext transfer protecol (HTTF) versien 1.1, as
described in RFC 2616, “Hypertext Transfer Protocol — HTTP/1.1,” by R. Fielding et &,
Network Working Group, IETE, June 1995, That is, request processing unit 70 may be
configured to receive HTTP GET or partial GET requests and provide data of
nuliimedia content 64 in response to the requests. The requests may specify a segment
of one of representations 68, e.g., using a URL of the segment. In some examples, the
requests may also specify one or more byte ranges of the segment, fhus comprising
partial GET requests. Request processing unit 70 may further be configured to service
HTTP HEAD requests to provide header data of a segment of one of representations 68.
Tn any case, request processing unit 70 may be configured to process the requests to
provide requested data to a requesting device, such as client device 40.

180891 As illusirated in the example of FIG 1, multimedia content 64 includes manifest
file 66, which may correspond (o 4 media presentation description (MFPD). Manifest file
66 may contain descriptions of different aliernative representations 68 (e.g., video
services with different qualities} and the description may include, ¢.g., codec

information, a profile value, a level value, a bitrate, and otber descriptive characteristics
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of representations 68. Client device 40 may retrieve the MPD of a media presentation
io determine how to access segments of representations 8.

60981 In particular, web application 52 may retrieve configuraiion data {not shown) of
client device 40 to determine decoding capabilities of video decoder 48 and rendering
capabilities of video output 44. The configuration data may aiso include any oraliofa
fanguage preference selected by a user of client device 40, one or more camera
perspectives corresponding to depth preferences set by the user of client device 40,
and/or & rating preference selected by the user of client device 40. Web application 52
may comprise, for example, a web browser or 2 media client configured to submit
HTTP GET and partial GET requests. Web application 52 may correspond to software
imstiuctions cxecuted by one o MoTC Processors or processing units (not shown) of
client device 40. In some examples, all or portions of the functionality described with
raspect {o web application 52 may be implemented in hardware, oy a combination of
hardware, software, and/or firmware, where requisite hardware may be provided to
executs jnstructions tor software or finoware.

{80911 Web application 532 may conipare the decoding and rendering capabilities of
client device 40 to characteristics of representations 68 indicated by information of
manifest file 66. Web application 52 say initially retricve at Jeast a portion of manifest
file 66 to determine characteristics of representations 68. For example, web application
52 may request a portion of manifest file 66 that describes characteristics of one or more
representation groups, in accordance with the techniques of this disclosure. Web
application 52 may select a subset of representations 68 {e.g., a representation group)
having characteristics that can be satisfied by the coding and rendering capabilities of
client device 40. Web application 52 may then determine bitrates for representations in
the represcntation group, determine a carrently available amount of network bandwidth,
and retriove segments from one of the representations having a bitrate that can be
satisfied by the network bandwidth.

{80921 In general, higher bitrate representations may yield higher quality video
playback, while lower bitrate representations may provide sufficient quality video
playback when available network bandwidth decreases. Accordingly, when available
network bandvwidth is relatively high, web application 52 may retrieve data from
refatively high bitrate representations, whereas when avaiiabie network handwidth is

tow, web application 52 may refrieve data from relatively low bitrate representations. fn
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this manner, client device 40 may stream nmltimedia data over network 74 while also
adapting to changing netwotk bandwidth availability of network 74.

[8093] As noted abuve, in some examples, client device 40 may provide user
information to, .g.. server device 60 or other devices of a content delivery network.
Web application 52, for example, may collect a user identifier, user identifier, user
preferences, and/or user demographic information, and provide such user information to
server device 60. Web application 52 may then receive a manifest file associated with
targeted advertisement media content, to use to insert data from the targeted
advertisement media content into media data of requested media content during
playback.

(6884} At fimes, a user of client device 40 may interact with web browser 52 using user
mterfaces of client device 40, such as a keyboard, mouse, stylus, touchscreen interface,
buttons, or other interfaces, to request that a selected one of representations 68 be
played in a trick mode. For example, the user iay select a particular temporal location
from which to begin plavback, or to skip ot seek to a particular temporal location. As
another example, the vser may elect to fast forward or rewind the represeniation.

[8895] In response to such requests from a user, web appiication 52 may determine
whether one of representations 68 includes a temporal sub-sequence, to perform the
requested trick mode. As an example, a user may elect to play video data in a fast
forward mode. Rather than reirieving all data of segments of a representation, web
application 52 may determine Iocations of data of the representation corresponding to a
temporal sub-sequence of the representation. The data of the temporal sub-sequence
may correspond, for example, to a set of instantaneous decoder refresh (IDR) pictures of
the representation.

[8896] There may be an approximate temporal duration botween IDR pictures of a
representation, ¢.g., 2 seconds, 10 seconds. or other approximare temporal durations.
Moreover, TDR pictures may be encoded in an intra-prediction mode, and thus, web
application 52 necd not retrieve data other than the IDR pictures. Web application 52
may cause the DR pictures to be displayed at the same frame rate at which video data
of the representation would otherwise be displayed. However, because many frames of
data between 1IDR pictares may be skipped, the resalting video data may be played back
at an increased frame rate, thos achieving the desired trick mode.

[0097] Web application 52 may determine locations of the data for the temporal sub-

scquence using various techmiques. Tn some examples, wob application 52 may analyze
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data of manifest file 66 to determine locations of the TDR pictares. The locations of the
IDK pictures may be indicated using byte ranges within segmenis of a particular
epresemiation. In other examples, a particular box of segments of representations, such
as a sub-fragment index box (also referred 10 as 2 sub-segment index box), may provide
indications of the Jocations of the data for the temporal sub-sequence. For example, the
sub-fragment index box may include data representative of byte ranges for IDR pictares
within a corresponding segment. In still other examples, both manifest file 66 and
representations 68 may include information used by web application 52 to retrieve data
for & temporal sub-sequence. i any case, web application 52 may determine the byte
ranges of the IDR pictures in the segments to consiruct partial GET requests for the IDR
pictures, to avoid retrieving data that would not be used for decoding or display.
[8098] In some examples, encapsulation unit 30 may form segments such that IDR
pictures are contiguous within the segments. That is, encapsulation unit 30 may ensure
that bytes of segmenis corresponding to IDR pictures are contiguous, without
intervening bytes for other types of pictures. In this manner, web application 32 need
only specify a single byte range of segments of a representation to retrieve data for a
temporal sub-sequence of the representation. In some examples, open decoder refresh
{ODR) pictures nay also be used for performing trick medes.
[6889} Tn some examples, web application 52 may determine that a portion of a
received segment indicates that a manifest file is to be updated. Web application 52
may be configured tv analyze a particutar portion of cach segment, such as a header
portion or other initial portion of the scgment, to determine whether the segment
indicates that the manifest file is to be updated. When a segment indicates that the
manifest file is to be updated, web application 52 may update a locally stored copy of
the manifest file, cither using data of the scgment or by retricving data to update the
manifest file from a remote tocation, c.g., from server 60. After updating the manifest
file, web application 52 may submit future requests for data of representations 68 based
on data of the updated manifest file,
[8188] As av cxample, content preparation device 20 may encode live media data, such
as a live sporting event, political event, or other newsworthy event that is typically
broadcast live or nearly live, rather than pre-recorded. In such cases, segments
corresponding to media data up to a particular time may be assigned identifiers, such as
URLs, incladed in an juitial manifest file. However, after a pertod of time has elapsed,

segments following the particular time may be encoded and assigned identifiers such as
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JRLs. Encapsulation umt 30 of content preparation device 20 may provide the URLs
{or the segments following the particular ime {0 an updated manifest fiie. Accordingly,
te determine how to retrieve the segmenis following ihe particular time, client device 40
may receive information indicative of the updated manifest file, in order to construct
requests o retrieve the segments following the particular time.

{8181} Insome examples, a segment may indicate whether it is the last segment of a
representation. When a segment is the last segment of a representation, a new manifest
file may need to be refrieved to determine representations of a subsequent period of
corresponding multimedia content. Accordingly, when web application 52 determines
that a segment is the last segment of a representation in a period of the multimedia
conteni, web application 52 may retricve an updated manifest file for the multimedia
content, &.¢., an updated version of manifest file 66 of multimedia content 64,

16302} In some examples, client device 40 may maintain a data structure indicative of
particular represeniations 68 from which client device 40 requested data for nltimedia
content 64, Client device 40 may also maintain indications of exactly what was played
out, and at what time. That is, the data structure may provide information representative
of start and end times in both real {or “wall clock”™) time and presentation tdme. The
data siructure may further provide information tepresentative of an initial startup fime
and the start of playback. After finishing playback of nubtimedia content 64, client
device 40 may send the data structare to server device 60 and/or content preparation
device 20. Server device 60 and/or conient preparation device 20 may use information
received from client device 40 to determine more optimal ways of improving quality of
experience, such as to reduce pauses in playback.

[6163] Network interface 54 may receive and provide data of segients of & selected
represeniation to web application 52, which may in turn provide the segmenis fo
decapsulation urit 30, Decapsulation unit 50 may decapsuiate clements of a video file
into constituent PES streams, depacketize the PES streams to retrieve encoded data, and
send the encoded data o cither audio decoder 46 or video decoder 48, depending on
whether the encoded data is part of an audic or video stream, ¢.g., as indicated by PES
packet headers of the streamn. Audio decoder 46 decodes encoded audic data and sends
the decoded audio data i audio output 42, while video decoder 48 decodes encoded
video data and sends the decoded video data, which may include a plurality of views of

a stream, fo video output 44.
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6164} Video encoder 28, video decoder 48, audio encoder 26, andic decoder 46,
encapsulation unil 30, web application 52, and decapsulation unit 50 each may be
implemented as any of a variety of suitable processing circuitry, as applicable, such as
one or more micreprocessors, digiral signal processers (DSPs), application specific
integrated circaits (ASICs), field programmable gate arrays (FPGAs), diserete logic
circaitry. scftware, hardware, firmware or any combinations thereof. Each of video
encoder 28 and video decoder 48 may be included in one or more encoders or decoders,
sither of which may be integrated as part of 2 combined video encoder/decoder
{CODEC). Likewise, each of audio encoder 26 and audio decoder 46 may be included
in one or more encoders or decoders, etther of which may be integraied as part of 2
combined CODEC. Anapparatus inchuding video eocoder 28, video decoder 48, audio
encoder audio encoder 26, audio decoder 46, encapsulation unit 30, web application 52,
and/or decapsulation unit 50 may comprise an integrated circuit, a microprocessor,
and/or a wireless communication device, such as a cellular telephone.

19185} FIG. 2 is 2 conceptual diagram illustrating elements of an example multimedi
content 100. Multimedia content {00 may correspond to multimedia content 64 (FIG.
1}, or another multimedia content stored in memory 62. In the example of FIG 2,
multimedia content 100 includes media presentation description (MPD) 102 and a
plurality of representations 116-120. Representation 110 includes optional header data
112 and segments 114A-114N (segments 114}, while representation 120 includes
optional header data 122 and segments 124A-124N (segments 124}, The letter N is
used to designate the last movie fragment in each of representations 110, 120 as a matter
of convenience. In some examples, there may be different numbers of movie fragments
between representations 110, 120.

[8146] MPD 102 may comprisc a data structurc separate from representations 110-120.
MPD f02 may correspond to manifest file 66 of FIG 1, Likewise, representations 10—
120 may correspond to representations 68 of F1G. 1. In general, MPD 102 may include
data that generally describes characteristics of representations 110-120, such as coding
and remddering characteristics, represemation groups, a profile to which MPD 102
corresponds, text type information, camera angle information, rating information, trick
mode information (e.g., information indicative of representations that include temporal
sub-sequences), and/or information for refrieving remote periods (e.g., for targeted
advertisement insertion into mwedia content during playback). Remote petiods may also

be referred to as external periods. FIGS. 4-7, discussed in greater detail below,
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illustrate various examples of multimedia content with various elements included n
either or both of an MPD and/or representations (such as within segments of
representations or header data of representations). Any or all of the MPDs of FIGS, 4-7
may correspond substantially to MPD 102 of F1G. 2.

{6107 Header data 112, when present, may describe characteristios of segments 114,
e.g., temporal locations of random aceess points, which of segments 114 includes
random access points, byte offsets to random access points within segments 114,
uniform resovree Jocators (URLs) of segments 114, or other aspects of segments 114,
Header data 122, when present, may describe sinular characteristics for segments 124,
Additionally or alternatively, such characteristics may be fully inchaded within MPD
102.

H168] Segments 114 include one or more coded video samples, each of which may
include frames or stices of video data. Each of the coded video samples of segments
114 may have similar characteristics, ¢.g., height, width, and bandwidth requirements,
Such characteristics may be described by data of MPD 102, though such data is not
illustrated in the example of FIG 2. MPD 102 may include characteristics as described
by the 3GPP Specification, with the addition of any or all ¢f the signaled information
deseribed in this disclosure.

[0109] Each of scgments 114, 124 may be associaled with a anique uniform resource
identifier (URY), e.g., 2 uniform resource locator (URL). Thus, each of segiments 114,
124 may be independently retricvable using a streaming network protocol, such as
DASH. Inthis manner, a destination device, such as client device 40, may use an HTTP
Get request to retrieve segments 114 or 124, In some examples, client device 40 may
use HTTP pattial Get requests to retrieve specific byie ranges of segments 114 or 124,
[8118] As noted above, MPD 102 may conform to a particular MPD profile. MPD 102
may include infornration indicative of a Multipurpose Internet Mail Extension (MIME)
type for MPD 102 and/or multimedia content 100, MIME types generally do not
indicate what codec is necded io present multimedia content, however, In general, it is
assumed that if a device can retrieve an MPD for multimedia content, such as MPD 102,
that the device can playback data of the multimedia content corresponding to the MPD.
However, this assumption may not always be safe. Therefore, in some examples, MPD
102 may include information indicative of a profile to which MPD 102 corresponds.
6111} There may be a refatively small number of protiles to which MPDs may

correspond. Profiles may be supporied by lovels to address capabilities, similar to the
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manner it which H.264/AVC includes profiles and levels for video coding. MPD
profiles may be onion-shelled, in that a higher profile may include all features of all
tower profiles. There may be a registration process with a registration authority (o
register various profiles. In some examples, a client device, such as elient device 40,
may be configured to retvieve information indicative of the profile for the MPD, such as
MPD (02, before retrieving other data of the MPD, such as characteristics of
representations 110-120 signaled by MPD 162, In this manner, the profile for MPD
102 may be signaled before access to MPD 102 is provided.
18112} A profile identifier may be provided in plain text (e.g., a5 a plain name), or a
reversed domain name. Plain names may be reserved by a registration authority, such as
3IGPP or another registration authority. A profile may be considered a claim and a
penmission, in that the profile may claim that a4 corresponding multimedia content
conforms to the profile and gives permission o a reader (e.g., a client device) that
implements that profile to read the MPD, interpret what it recognizes, and ignore
material that it does not understand.
1113} Profiles may describe characteristics such as, for example, features of MPD 102,
usage of the network, media format(s), codec(s) used, protection formats, and/or
uaniitative measures such as bitrates, screen sizes, and the like, o this manner, the
profile of MPD 102 may provide information indicative of what codecs need to be
supported in order to refrieve data of MPD 102 and/or multimedia content 100. Profiles
may also be described as “conformance points.” Profiles with which an MPD complics
may be indicated in a “Profiles™ atitibute of the MPD, Thus, a client device may be
configurad to retrieve a portion of MPD 102 inchuding information relating to the
“Prefiles” attribuie before retrieving additional data of MPD 102. Alternatively, profiles
may be indicaied as a parameter in the MIME type of the MPD. For cxample, profiles
“X, Y, and Z" may be signaled in the following fashion:
video/vndmpeg.npd;profiles=X,Y,2.”
{#114] In some examples, MPD 102 may refer to data of external periods (also referred
10 as remiote periods). A period generally cortesponds to 2 particular temporai section of
muhimedia content. Each period may include one or more representations, such as
representations 110--120. An external period, however, may be inserted within or
between periods of multimedia content 100. The external period may inclade
multimedia data in addition to rounitimedia data of the multimedia content. For example,

external periods may mchude advertisement data.
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8115} Periods may be defined by their duration, that is, the start time of the Period may
depend on the duration of the previons Period. A client device may map exiernal
periods to an MPD siructure. For five services, concaienation of MPDs may be
achieved by a dynamic creation of the MPD on the server, such as server device 60,
with appropriate update procedures. Other web technologies may also be used. URLs
for externally defined periods may be processed in real-time to generate a new period
containing advertiscments fargeted to a user of ¢lient device 40. Client device 40 may
supply additional information with the request that may be used for advertisement
targeting, for example, a user identifier, user preferences, user demographie information,
or other information.

j8116f Table 1 below llustrates an example set of information that may be provided in
MPD (02 to describe one or more Periods of multimedia content, and to indicate the
presence of external periods:

TABLE 1-—NMNPD Period Information

Feriod E LN M Provides the infarrsation ol 2 Perlod
PeriodAtiribules List ¥ aiready existing period atinibutes
perindluration A O Frovides the period dumtion, sy oo wsed ss
aternative to stas anvibute of sest Perind.
rapresantationGroupl isiUR1 A O RS that points 1o & docwment that containg a list
of Representations.
RepresentationGroups L 0. This element conteing 2 description of a
Representation Gioup
periodListURI A M URI that points to & document thar contsins ong
or saveral Period clements.

[6117] In this manner, the Period element of MPD 102 may refer io external (or remote)
periods, ¢.g., using periodListURL  For Ou-Demand content, imdications of period
durations may be more useful for chient deviees, such as client deviee 40, than start
times to support external periods. An MPD may include a sequenece of Periods, where
Periods can be Internal or external. Using such remote Periods, along with user-specific
information, may allow for fargeted user advertising. Server device 60 and/or content
preparation device 20 may be configured to dynamically generate separate MPDs for
each user, or for each client device. Client device 40, or another device, may
councatenate the playout of a targeted advertisement and a Hve service, ¢.g., using the
dynaniically-created MPD,

{8118} In this manner, the techniques of this disclosure may support situations in which

a scrvice provider offers On-Demand content throngh 3GPP AHS, The content may
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mchude several scenes, and between each scene, an advertiserment may be added. The
advertisement may differ for each user. That is, targeted adveriising may be added. In
addition, cach advertisement may be of a different duratiom. Likewise, a service
provider may offer a particular live service {¢.g., a free service). When accessing the
five service, the service provider may add an advertisement that may or may not be
targeted {0 a user. The duration of the advertisement may differ, depending on access
time, the access location, the user, and the Hke, Server device 60 may be configured to
only provide the URL of the live service after the advertisement has been completed, fo
ensure that the advertisement 15 seen,

[8119] FIG. 3 is a block diagram illustrating elemenis of an example video file 150,
which may correspond to a segmient of a representation, such as one of segments 114,
124 of FIG 2. Each of segments 114, 124 may include data that conforms substantially
to the arrangement of data illustrated in the example of FIG 3. Similarly, segments of
FIGS. 4-7 discussed below may also conform substantially to the structure of video file
130. As described above, video files in accordance with the SO basc media file format
and extensions thereof store data in a series of objects, referred to as “boxes.” In the
example of FIG. 3, video file 150 includes file type (FTYP) box 152, movie (MOGV)
box 154, movie fragment (MOOF) boxes 162, and movie fragment random sceess

{(MFRA) box 164,

[6128] File type (FTYP) box 152 generally describes « file type for video file 150. File
type box 152 may inciude data that identifies a specification that describes a best use for
video file 150. File type box 152 may be placed before MOOV box 154, movie
fragment boxes 162, and MFRA box 164,

[8121] In some examples, a segment, such as video file 150, may include an MPD
updaic box (not shown) before FTYP box 152, The MPD update box may include
information indicating that an MPD corresponding to a representation including video
file 150 is to be updated, along with information for updating the MPD. For example,
the MPD update box may provide a URI or URL for a resource to be used {o updaie the
MPD. As another example, the MPD update box may include data for updating the
MPD. In some examples, the MPD update box may immediately follow 2 segment type
(STYT) bex (not shown) of video file 150, where the STYP box may define 4 segment
type for video file 150. FIG 7, discussed in greater detail below, provides additional

mformation with respect to the MPD update box.
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(8122} MOOV box 154, in the example of FIG. 3, includes movie header (MVEHD) box
156, track {TRAK) box 158, and one or more movie extends (MVEX) boxes 16{. In
general, MYHD box 156 may describe general characteristics of video file 150. For
example, MVHD box 156 may include data that describes when video file 150 was
originally created, when video file 150 was last modified, a timescale for video file 150,
a duration of playback for video file 156, or cther data that generally describes video

file 150.

{83231 TRAK box 158 may mclude data for a frack of video file 150, TRAK box 158

[¢]

may include a track header {TKHD} box that describes characteristics of the track
corresponding to TRAK box 158, In some examples, TRAK box 1358 may inchude
coded video pictures, while in other exampies, the coded video pictures of the track may
be included in movie fragments 162, which may be referenced by data of TRAK box
138,

18124} In some exampies, video file 150 may include more than one track.

Accordingly, MOQV box 154 may include a number of TRAK boxes equal to the
number of tracks in video file 130, TRAK box 158 may describe characteristics of a
corresponding track of video file 15G. For example, TRAK box 158 may describe
temporal and/or spatial information for the corresponding frack. A TRAK box similar to
TRAK box 158 of MOOV box 154 may deseribe characteristics of a parameter set
track, when encapsulation unit 30 (FIG. {) includes a parameter set track in a video file,
such as video file 150. Encapsulation unit 30 may signal the presence of sequence level
SEI messages in the parameter set track within the TRAK box describing the parameter
set frack.

[81258] MVEX boxes 160 may describe characteristics of corresponding movie
fragments 162, ¢.g., to signal that video file 150 includes movic fragments 162, in
addition fo video data included within MOOV box 154, if any. 1n the context of
streaming video data, coded video pictures may be fncluded in movie fragments 162
rather than in MOOV box 154, Accordingly, all coded video samples may be inciuded
in movie fragments 162, rvather than in MOOV box 154,

[8126] MOOV box 154 may inchade 2 number of MVEX boxes 160 equal to the
mamber of movie fragments 162 invideo file 150, Each of MVEX boxes 160 may
describe characteristics of a correspending one of movie fragments 162. For example,
cach MVEX box may include a movic extends header box (MEHD) box that describes a

temporal doration for the corresponding one of movie fragments {62,
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[81271 As noted above, encapsuolation unit 30 may store a sequence data set in a video
sample that does not include actual coded video data. A video sample may generally
correspond 1o an access unit, which is a representation of a coded picture at a specific
time instance. In the context of AVC, the coded picture include ene or more VCL NAL
units which contains the information to construct all the pixels of the access unit and
other associated non-VCL NAL units, such as SEI messages. Accordingly,
encapsulation unit 30 may inciude a sequence dafa set, which may include sequence
fevel SEI messages, in one of movie fragments 162, Encapsulation unit 30 may forther
signal the presence of a sequence data set and/or sequence fevel SEI messages as being
present in one of movie fragments 162 within the one of MVEX boxes 160
cuorresponding to the one of movie fragments 162,

[8128] Movie fragments 162 may inclade one or more coded video pictures. Tn some
examples, movie fragments 162 may include one or more groups of pictures (GOPs},
each of which may include 3 number of coded video pictures, e.g., frames or picturss.
in addition, as described above, movie fragments 162 may include sequence data sets in
some examples. Hach of movie fragments [62 may include a movie fragment header
box (MFHD, not shown in FIG. 3). The MFHD box may describe characteristics of the
corresponding movie fragment, such as a sequence nwmber for the movie fragment.
Movie fragments 162 may be ncluded in order of sequence number in video file 150,
[8129] MFRA box 164 may describe random access points within movie fragments 162
of video file 150, This may assist with performing irick modes, such as performing
secks to particular temporal locations within video file 150, MFRA box 164 1s
generally optional and need not be included in video files, in some examples. Likewise,
a client device, such as client device 40, does not necessarily need to reference MFRA
box 164 1o correctly decode and display video data of video file 150, MFRA box 164
may include a number of track fragment random access {TFRA) boxes (not shown)
equal to the number of fracks of video file 150, or in some examples, equat to the
number of media tracks {¢.g., non-hint tracks) of video file 150.

§61381 In some examples, movie fragments 162 may include one or more DR and/or
ODR pictures. Likewise, MFRA box 164 may provide indications of locations within
video file 150 of the IDR and ODR pictures. Accerdingly, a temporal sub-sequence of
video file 150 may be formed from IDR and ODR pictures of video file 150. The
temporal sub-sequence may alse include other pictures, such as P-frames and/or B-

frames that depend from 1DR andfor ODR pictures. Frames and/or slices of the
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temporal sub-sequence may be arranged within the segments such that frames/slices of
the temporal sub-sequence that depend on other frames/slices of the sub-sequence can
be properly decoded. For example, in the hierarchical arrangement of data, data used
for prediction for other data may alse be included in the tempoeral sub-sequence.
Moteover, the data may be arranged in a continuous seb-sequence, such that 2 single
byte range may be specified in a partial GET request to retrieve all data of a particular
segment used for the temporal sub-sequence. A client device, such as client device 40,
may extract a temporal sub-sequence of video file 150 by determining byte-ranges of
movie fragments 162 {or portions of movie fragments 162) corresponding to DR and/or
ODR pictuores. As discussed in greater detail below, video files such as video file 130
may include a sub-fragment index box and/or a sub-track fragment box, either or both of
which may include data for extracting a teroporal sub-sequence of video file 150,

(8131} FIG. 4 is a conceptual diagram ilhustrating an example moltimedia content 200
including MPD 202 and representation groups 210-220. Maltimedia content 200 may
correspond 1o multimedia content 64 (FIG. 1), or another multimedia content stored in
memory 62. In this example, representations of multimedia content 200 are arvanged by
representation group. That is, representations with a common set of characteristics may
be formed into a representation group, which provides for simplified network bandwidth
adaptation.

[8132] In this example, MPD 202 inclades common representation characteristics 204A
that includes information describing common characteristics of representation group
210 and common representation characteristics 2048 describing convuon characteristics
of representation group 220. The common characieristics may include coding and/or
rendering characieristics of the representations, such as a codee, profile and level of the
cadee to which the representations in the representation conform, phiol resolution, frame
rate, or other characteristics of representations.

$6133} In accordance with the techniques of this disclosure, the characteristics may
include a text type value, a camera angle value, and/or a rating value in addition to the
characteristics discussed above., The fext type value may describe characteristics of text
to be displayed with the video data (e.g., closed captioning text). The text tvpe value
may describe, for example, a language of the text, a location on the sereen at which o
display the text, font and/or size of the text. or other characteristics of the text.

i8134] The camera angle value may describe a real-world horizontal camera position

for a camnera used (cither physically or conceptually) to generate coded video data of
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corresponding representations. Using the camera angles, a client device may select data
from two or more representations to be displayed substantially simultaneously, e.g., to
produce a three-dimensional video playback effeci. The horizontal real-world camera
locations may cuable the client device to select representations to increase or decresse
the relative amount of depth in the three-dimensional playback of the video data.
[6135] The rating may describe content suitability for particolar aediences. For
exampie, in the United Siales, the Motion Picture Association of America defines
ratings including G, PG, PG-13, R, and NC-17. As another exaraple, in the United
ingdony, the British Board of Film Classification defines vatings including U, PG, 124,
12,15, 18, and R18. Ag yet ancther example, in the Republic of China (Taiwan),
categotics of motion pictures include a general audiences category, a protected caregory,
a parental guidance category, and a restricted category.
[8136] By providing common characteristics 204 of respective representation groups,
e.g., representation groups 210--220, a client device (e.g., client device 40) may select
an appropriate one of representation groups 210-220, based af [east in part on the
corresponding common representation charvacteristics 204, In the example of FIG. 4,
MPD 202 also inclades individoal representation characteristics 2064, 206B, 208A, and
2088, correspouding respectively to representations 2124, 2128, 2224, 2228,
Individual representation characteristics 2064, 2068, 2084, and 2088 may include
information representative of characteristics of representations 2124, 2128, 2224,
2228 not indicaied by conumon representation characteristics 204, For example,
individual represcntation characteristics 206A, 20618, 2084, and 2088 may include
information representative of bitrates for respective ones of representations 2124, 212B,
222A, 222B.
8137} Representations of a representation group may be considered mutually
exclusive, 1n that they may represent the same content (same video, same language
audio, ete.) with different encoding or other parameters, MPD 202 naay provide
information for selecting one of representation groups 210220, c.g., common
representation characteristics 204, This information may include information indicative
of whether a client can decode and render a given representation. Tn this manner, the
client device may remove from consideration representations that the client device is
invapable of decoding and/or rendering, Accordingly, client device 40 may select a
suitable representation group that can be decoded and rendered, then select a

representation from the group based on, e.g., network bandwidth availability.
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{6138) Chent device 40 may also be configured with user preferences for, e.g., rating,
language, and'or depth. Accordingly, client device 40 may also select one or more
representation groups such that the selected groups conform to the user preferences.
Client device 40 may then select a subset of available vepresentation groups that can be
played concurrently. When client device 40 is only capable of displaying one view,
client device 40 may elect to retrieve data only from one representation. On the other
hand, when client device 40 Is sterco view or multiview capable, clieni device 40 may
retricve data from two or more representations.
(8138} After selecting one or more representation groups, client device 40 may selec
representations from the representation groups based on, e.g., available network
bandwidth, As available network bandwidth changes (e.g., increases ot decroases),
chient device 40 may adjust selections of representations from the representation groups
to adapt {o the changing network bandwidth conditicns. Of course, client device 40
may also change representation selections if user preferences or deviee capabilities (...
decoding and rendering capabilitics) change.
{6148} Common representation characteristics 204 may correspond to
RepresentationGroup XML elements of MPD 202, in some examples. Individual
representation characteristics may correspond to sub-clements of corresponding
RepresentationGroup elements of MPD 202, in some exampies.
13141} By grouping commmon characieristics of representations together, various
optimizations may be achieved. For example, many representations may have the same
values for various parameters. Thus, individually signaling characteristics in the MPD
may result in substantial duplication in the MPD to signal characteristics individually.
Many client devices are configired to discard the vast majority of the MPD that is
cecived. There could therefore be optimization in the portion of the MPD that the
client device receives. Moreover, if 2 Representation Group is discarded, the client
device may have no need to access information currently present in the MPD (URLs,
efc.} for the discarded representation or represeniation group. The client device may
aiso aveid unnecessary updates of URLs, which tead to be updated frequently during,
e.z., real-time network streaming of video data for live events. Even if redundancies in
the MPD were eliminated, client device 40 would still nead to parse the full MPD after
eceipt and reconstruction, which may waste a significant amount of computing time,
{8142 FIG 5 15 a conceptual diagram illustrating another example nwltimedia content

250, in which MPD data is separated into various portions for various representation
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groups. Multimedia content 250 may comrespond to multimedia content 64 (FIG. 1), or
another multimedia content stored in memory 62, In particular, 2 manifest file for
multimedia content 250 includes MPD portion 252, which generally includes data
refated to representation groups. In this example, MPD portion 252 jucludes
representation group data 254A and 2548 (representation group data 254), which
corresponds to respective representation groups 2740-280, as ithustrated by arrows
pointing from representation group data 254 {o respective representation groups 270—
280.
{3143} In this example, representation group data 234 A includes representation group
comunon characteristics 256A and location of MPD portion for the representation group
258A. That is, location of MPD portion for the representation group 258A indicaies the
tocation of MPD portion for tepresentation group 2604, Location of MPD portion for
the representation group 258A may correspond, for example, 10 a URI or URL of MPD
portion for representation group 260A. Similarly, representation group data 254B
inchudes representation group common characteristics 2568 and location of MPD
portion for the representation group 258B, corresponding to MPD portion for
representation group 260B.
[8144] MPD portion for representation group 2604 includes information representative
of characteristics of specific representations 272A, 2728 (representations 272) of
representation group 270, Similarly, MPD portion for representation group 2608
includes information representative of characteristics of specific representations 2824,
2821 (reprosentations 282) of represeuntation group 280.
{6145} In this manner, a client device, such as client device 40, may determine an
appropriate representation group from which to refrieve data, without receiving
eprescnfation-specific signaling data for representations that client device 40 would not
retrieve, decode, and display. Accordingly, client device 40 may avoid retrieving excess
data that would otherwise just be discarded. Tn particular, after selecting one or more
representation groups including representations that can be decoded and rendered by
client device 40, client device 40 may retrieve only the MPD porttions for the selected
representation groups, without retrieving MPD portions for representation groups that
could not be properly decoded and/or rendered by client device 40.
{6146} Data of multimedia content 250 may generally comrespond substantialiy to
respective elements of multimedia content 200. However, multimedia content 250 may

simplify hicrarchical download of MPD data for multimedia content 250 by chent
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devices. For example, rather than retrieving a full manifest file, which may mchude
signaling data for all representations, a client device may simply defermine one or more
representation groups, thea retrieve the MPD portions corresponding to those
representation groups, without retrieving MPD portions corresponding to other
representation groups that would not be retrieved by the client device (e.g., because the
client device does not support decoding and/or rendering procedures to decode and
display the representations). In this manner, the data of multimedia content 250 may
nwitigate inetliciencies of unnecessary downloading and parsing.

18147} Table 2 below provides an example clement that can be added to an MPD, such
as MPD 202 of FIG. 4 and/or MPD portion 252 of FIG. 5, that describes characteristics
of representation groups. Common representation characteristics 204 (FIG. 4) andior
representation group conmon chavacteristics 256 may be formatted according to the

stracture of Table 2.

TABLE 2
RepeesentationGroup E LN | M| This element containg a deserigtion of &
Representation Groap

RepresentationGroupAtiri List of Deseribes the deibults for ihds group.

Elements may include profile information,

and

Atiribuies

Representation E 0.N | O | This element contains a description of a

Representaion.

RepreseniationAtiribut Listof 0.1 | O | Describes the Reproscniation attributes

Elervients that ave specific for 1his Representation
and
Attebnies
represeatatipnlistURE A 0.N | O 1 URE that points to a document ihat

contains a st of Represeniations,

§148] The XML below provides examples of Representation Group clemeants of an
i ! !

MPD data structure:

—1

<RepresentationGroup annofation="ex{()” annotation2="‘ex1"">
<representationListURI="hitp://wwvw.example.conyrepresentations 1. xmi/>

</RepresentationGroup>

<RepresentationGroup annotation="ex2” annotation2="“ex3">

<representationlListURI=“http/A/www example.com/representatons 2. xmi/>

</RepresentationGroup>
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{81491 Table 3 below provides an exampie set of data that may be included for
representations.  This dada may be provided for individual representations in some
examples, while in other examples, all or a portion of the data may be provided for
representation groups, according fo, ¢.g., Table 2 above,

TABLES

Representation E LN M | This element coniains a description of

a Representation.

bandwidth A M | The minimum bandwidth of a
tiypothetical constaut bittate chanoel
in bits per second {(bps) over which
the representation can be deliversd
such thet a cliend, atier buffering for
exactly minBufierTime cau be assured

of baving encugh data for coniinuous

playout.
foxitype A O | identifics the type of the text. Optioas
Y
are:
sub-iitie

ciosed-caplioning
<other to be identified>
camcraangle A Q| provides the camera angle. Pure

anuotaiion, ¢.g. main, wid-Held,

players view

Raiing E 0...N provides rating information

Schemelnformation E 0,1 O | This clement gives the information
about the used rating scheme. The
ciement can be extended to provide

more scheme specific information.

schemeldUri A O | Provides ae absolute URL {o identify
the schieme. The definition of this
element is specific to the scheine

ereployed for rating.

[6150] In some examples, data for representation groups and data for individual
representations within such groups may be presented within an MPD, such as MPD 202,
with a hierarchical refationship. That is, individual representations may be signaled as
child elements to a cortesponding representation group element of, e.g., MPD 202,

Likewise, for MPD portion 252 and MPD portions for representation groups 260,
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individual representation chavacteristics 262, 264 may correspond to child elements of
representation group common characteristics 256,
10181] FIG 6 is a concepinal diagram ilipsirating another example multimedia content
300 that may be used to support trick modes. Multimedia content 300 may correspond
to multimedia content 64 (FIG: 1), or another multimedia content stored in memory 62.
In this example, MPD 302 includes representation information 304, which may include
temporal sub-sequence information 306. Representation information 304 includes
characteristics of representation 310, in this example. Representation 310 includes
segments 312A-312D (segments 312).  In this example, each of segments 312 includes
a respective sub-fragment index box 314 and random access point (RAP) data 316, In
other examyples, some segments may incinde no random aceess poiots, while some
segments may inclade multiple random access points. Random access points may
include IDR or ODR pictures.
{0152} Client device 40 may extract a temporal sub-sequence from representation 310.
For cxample, client device 4 may extract cach of RAPs 316 to for a temporal sub-
sequence of representation 310, Alternatively, client device 40 may retrieve a subset of
RAPs 316, such as RAPs 316A and 316C, or 316A and 316D. By refrieving and
playing back only random access points 316 (or subsets thereof), client device 40 may
play representation 310 in a trick mode, e.g., fast forward or rewind. Similarly, chent
device 40 may skip or seek o a particular one of random access points 316 to begin
playback from a requesied temporal position.
16153} Muitimedia content may include either or both of temporal sub-sequence
information 306 and/or SFIX boxes 314 to indicate information for wick modes.
Temporal sub-sequence information 306 may include a “Trick Mode” element of MPD
302, such as that defincd by Table 4 below:

TABLE 4

TrickMode E 8,1 O | Provides the information for trick mode. It

also mdicaies that the Representation may be

nsed 38 2 trick mode Represeniation,

e

alteruatePlayoulRate A Specilies (e waximum playout tale as a
multipie of the regular playout rate, which this
Represeutation supports with (he same
decoder profile and level requirenients as the

notreal playont rate.

TemporaiSubSequence B {0...N | O [ Speeifies that this Representation contains a
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ioraporal sub-scquence ihat can be casily
accessed by byte ranges using the infgrmation

of the Sub-Fragreont Index (“stix) Box.

irameRate A M | Specifies the frame rate of the temporal sub-

sequence.

bandwidia A O | Specifies the minimum bandwidin of a
hypotheticat constant bitrate chianuel {v bifs
per second (bps} over which the femporal sab-
sequence cau be delivered such that a client,
afier buffering for exactly minBufferTime can
be assared of baving enough data for

continuous plavout.

o}

altematePlayontRate | A Specifies the maximum plavout rate as &
mudtipie of the regular playoul rate, which this
temporal sub-sequenice supports with the same
decoder profile and fevel requirements as the

uormal plavout rate,

16154} In the example of Table 4, the Trick Mode clement includes a Temporal
SubSequence element that specifies that a corresponding representation contains a
temporal sub-sequence that can be accessed by byte ranges using information of sub-~
fragment index boxes 314, RAPs 316 may correspond {o portions of movie fragments,
such as movie fragments 162 illustrated in FI1G. 3.

18155} Sub-fragment index boxes 314 may generally describe byte range locations of
random access points 316 of corresponding segments 312, In general, sub-fragment
index boxes 314 may appear after 2 segment index (S1DX) box {not shown m FIG. 6) of
segments 312 and provide raovie fragment prefix sizes for movie fragments referenced
in the immediately preceding segment index box, Table 8 below provides properties of
an example SFIX box.

TABLE 5—Sub-Fragment Index Box Properties

Box Type SFIX

Container None
Mandatory No

CQuantity One per Segment Index Box
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[8156] The pseudocode below provides an example syntax for Sub-Fragment Index
Boxes 314:
aligned(8) class SnbFragmenilndexBox
extands FullBox{‘ste*, 0, 0) {
unsigned (32} fragment_count;
ansighed qux(8) sub_fragmeni_conui;
for{ i=0; 1 < fragment_coumt; i++ }
for( §=0; | < sub_fragment_count-1; j++)

ansigned 1eH(32) prefix_size;

e

18157} The description below provides an example set of semantics for the syntax
described above:

tragment_count specifies the number of fragments for which sub-fragment
information is specified in this box. This must be equal to the number of fragment
references in the inmediately preceding Segment Index Box,

sub_fragment_count specifies the number of sub-fragments per fragment

prefix_size specifies the size uf the prefix of fragment 1 vecupied by sub-
fragment j.
[6158] In addition, or in the alternative, a sub-track fragment box may be included in
segments 312, Whereas the sub-fragment index box may provide syntax information
that can be retrieved by client device 40 along with a segment index box in advance of

equesting media dafa, the sub-fragment index box may provide information for client

device 40 to construct byte vange requests which target subsets of fragment data, for
example, temporal sub-layers.
{4155} The Sub-Track Fragment box may specify a re-ordering of the sample data of
the track fragment, such that the samples of each sub-track fragment precede all samples
that appear only in higher sub-wack fragments. Samples of a sub-track fragment that do
not appear in any lower sub-track fragment may be placed contiguously within the file
(e.g., & corresponding one of segments 312) in the same order as they appear in the
Track Run box. This may allow for samples to be stored in order of fomporal scalability
fayer within the track fragment. When this box is present there may be enly one Track
Rum box.

11681 Table 6 describes properties of the sub-track fragment box:
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TABLE 6—Sub-Track Fragment Box Properties

Box Type STRF

Container Track fragment box (“TRAF™)
Mandatory No

Quantity Zero or one

[#161] The pseudocode below illustrates an example syntax for the sab-track fragment
box:
alignod(8) class SubTrackFragBox
extends FullBox(‘stef™, 0, 0) §
unsigned mi(§) sub track count;
unsigned int(16) sample_count{sub_track couni-1};
for( i=0: t < sub_track_count; i++)
{
for (=0: § < sample_coumtfi]; j++)
bit(1) cur_sub_trak flag;
b
reserved trailing bits;
t
[8162] The description below provides example semantics for the example syntax of the
sub-track fragment box described above:
sub_track count indicates the number of sub-track fragments; When this box is

present, the sub_track_count can be equal or larger than 2.

sample_count[i] indicates the number of samples in sub-track fragment with an
index of i+1. Samples of a sub-track fragment are considered to be members of
all sub-track fragments with smaller index values,. The number of samples in
sub-track fragment § 1s equivalent o the number of zeros of the first bitstring in
the subsequent loop. The nomber of samples in sub-track fragment with an index
of sub_track_count-1, which is sample_count{sub_track_count-1], is equal to the

number of samples in the Track Fragment.

cur_sub_track_flag equal to I in the iteration 1 of the cuter loop indicates that a

sample belongs to sub-irack fragment with an index of i+1. This value equal t0 0
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m the iteration of the outer loop indicates that a sample belongs to a sub-track
fragment with an index smaller thag i+1, Note: That is, the first tterstion of the
loop contains sample _count[0] flags indicating the positions of the samples

in sub-track-fragment 1 that are vot also v sub-track-fragment 0. The second
eration of the foop contains sample_count[1] flags indicating the positions of
the samples in sub-track-fragment 2 and not also in sub-irack-fragment 1

ete. sample _coumt{sub_track count-1] is considered equal to the number of

samples in the Track Fragmeut.

8163} Trick modes may be applied to a varticty of different scenarios. For example,
trick modes may be used to pause & service temporarily, resume service after a pause,
rewind for a period of time, and/or fast forward to proceed to a desired temporal
position {c.g., after playback gets interrupted or to seek to a particular desired terporal
position).

18164} Supporting trick modes sing temporal subsequences may provide a number of
advantages. For example, temporal subsequences may support various frame rates
relatively casily. Likewise, the representation including a femporal subsequence may be
used for regular playout, as the representation is not thmited fo the temporal
subsequence. Furthermore, encoding with temporal subsequences may be highly
efficient. Temporal subsequences also need not require any new coding profifes or
fevels, can re-use the regular representations, avoid additional client complexity, cnable
simple content provisioning, provide bandwidth, cache, and storage efficiency, provide
flexibility {0 the client implementation t© optimize user experience, to be common
among different trick mode operations, and can be applicable to a broad spectrum of
client implementations, and can provide relatively good user experience in terms of
start-up delay after seeking, as well as good frame rates, reactiveness, and other such
metics.

{4165} FIG. 7 is 2 conceptual diagram illustrating anctber example multimedia content
350 in which segments 362A~362D may include MPD update boxes 364 to indicate that
MPD 352 is to be updated. Multimedia content 350 may correspoidd to multimedia
content 64 (FIG, 1}, or another multimedia content stored in memory 62. In gencral,
MP3 352 includes representation information 354 for representation 360, such as
characteristics of representation 360 and LIRIs or URLs of segments 362 of

representation 360, In some cases, representation 360 may be formed from live content,
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€.2., a sporting event, and therefore, URIs of segments 362 might not be determined in
advance. Therefore, as segments of representation 360 are formed, one or more of the
segments may include MPD updaie boxes to indicate that MPD 352 is to be updated.
[8166] For exanmple, n FIG 7, segment 362A includes MPD update box 364 and
segment data 366A. Segment data 366A may generally be formed according to video
file 156 (FIG. 3). However, segment 362A also includes MPD update box 364A. In this
manner, client device 40 may vpdate MPD 352 based on data of MPD update box 364A.
MPD update box 364A may inchude updates to MPD 352, or may include a URT or URL
of an update for MPD 352, it should be understood that data of MPD update boxes 364
is not necessarily included in explicit boxes. For example, data that conforms
substaniially fo the data of MPD update boxes 364 may be included in other boxes of
segments 362, or in a header portion of segments 362, In this manner, a “portion” of
segments 362 that includes MPD update infermation may correspond to a header
portion, an MPD update box similar to MPD update boxes 364, or data included in one
or more other boxes of segments 362,

181671 In this manner, afier retrieving data of segnient 3624, client device 40 may
analyze MPD update box 364A to apdaie MPD 352. Client device 40 may then use the
updated version of MPD 352 to retricve segments 3628 and 362C. Segments 3628 and
362C include segment data 3668, 366C, which again may be formatted according to
video file 150 of FIGQ 3. Client device 40 may also retrieve data of segment 362D. In
this example, segment 362D mchides MPD update box 3648, which client device 49
may use to perform another update to MPD 352, in a manner that conforms
substantially to the first apdate. Accordingly, to receive segments beyond segment
362D of representation 360, client device 40 may use the newly updated version of
MPD 352, based on updates performed with raspect to data of MPD update box 364B.
[6168] An MPD update box, such as MPD update boxes 364A, 3648, may include
properties according to Table 7 below:

TABLE 7—MPD Update Box Properties

Box Type MUPE
Container Nore

Mandatory No
Quantity cro or One
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(6165} The following syntax may be used to define an MPD update box, in some
examples:
aligned(8) class MPDUpdateBox
extends FellBox{muape”) {
unsigned ii3) mpd nformation flags;
unsigned int(1) new location flag;
unsigned int(28) latest_mpd_update_time;

#7 The following are optienal fields
string mpd_Iocation
H
[8178] An cxamyple set of semantics for the examplec MPD update box syntax is
provided below:
mpd_information_flags contains the logical OR of zero or more of the
following:
0x00 Media Presentation Description update now
O0x01  Media Presentation Description update ahead
0x02  End-of-presentation
0x03-0x07  reserved
new_location_flag if set to 1, then the new Media Presentation Description is
available at a now location specificd in mpd_locatdon.
latest_mpd_update time specifies the time in ms by when the MPD update is
necessary relative to the MPD issue time of the latesi MPD. The client may
choose 1o update the MPD any time between now,
mpd_location is present if and only if the new_Jocation_flag is set and provides
a Uniform Resource Locator for the new Media Presemtation Description.
13171} In this manner, in-band signaling ai the segment level may be used to indicate
updates to MPD 302, Updates may be provided at segment boundarigs, in some
examples. That is, MPD update boxes 364 may ocour only at the heginnings or at the
ends of respective segments, in various examples. In some examples, if bandwidth of
MP) updates presents an issue, server dovice 60 (FI1G. 1) may offer MPDs for ceriain
device capabilities, such that only these parts are updated. Moreover, an MPD clement
of MPD 302 may provide a publishing time in wall-clock time of MPD 302, This may
provide a unique MPD publish time, which may provide unique identifier for the MPD
and when the MPID was issued. Jt may also provide an anchor for the updaie

procedures. Furthermore, server device 60 and/or content preparation device 20 may
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optimize MPD updates using hierarchical stractores, e.g., to update only portions of
MPD 302 that reqeire updates, without changing other portions of MPD 302 that do not
aced updating.

{6172} Advertisement insertion, such as targeted advertisement fusertion, may also be
performed using MPD update boxes similar to those of FIG. 7. That is, an MPD update
box may be provided to direcs client device 40 fo retrieve data from advertisement
multimedia contend. This may occur during timeouts or other actions in sporting events
that delay play of the game, and likewise, in timeouts or delays of exciting action for
video playback. Because such events may happen somewhat randomly, times at which
advertisements are o be inserted might oot be kunown a priort.

{8173} Updating of MPD 302 viay be feasible in an asynchronous manner to the
defivery of segments. Server device 60 may provide guarantees to client device 40 that
an MPD will not be updated for a particular amount of time, However, server device 60
need not explicitiy signal when the MPD is updated before a mininug opdate peried.
Completely synchronous plavout may be hardly achicved. as clierd devices may operate
on different MPD update instances. Therefore, clients may experience drift. Time-shift
viewing may be provided for by server device 60} and/or conient preparation device 20.
i8174 FIG. 8 15 a flowchart iliustrating an example method for providing indications of
representation groups by a server device, and for selecting representation groups by
client device a8 well as an individual representation within the selected representation
grovp. Although the method 0f FIG 8 is described with respect to server device 60 and
clicnt device 40, it should be understood that other devices may implement techoiques
similar to those of the method of FIQ §. For example, content preparation device 20, or
one¢ or more network devices of a content delivery network, may perform some or all of
the functions attributed to server device 60.

[8175} Server device 60 may initially obiain (c.g., create, or receive from content
preparation device 20) data for a set of representations of multimedia content, where the
representations in the set have one or more common characterisiics, as wellas a
manifest file for the multirsedia content. The set of representations may correspond to a
representation group. Server device 60 may provide indications of representation
groups to client device 40 (400). For example, server device 60 may provide MPD 202
(FIG 4) or MPD portion 232 (FIG 5) to client device 40. Other example MPDs of
FIGS. 2, 6, and 7 may also include indications of representation groups, such as

representation group XML elements. Tn any case, client device 40 may receive
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wnformation describing representation group characteristics (4023, e.g., from the MPD
file or portion of the MPD file received from server device 60.
[6176] Client device 40 may then analyze the representation group characteristics to
sliminate representation groups that client device 40 cannot or would not elect to
retrieve, decode, or render. For example, client device 40 may compare decoding and
rendering capabilities to characteristics of the representation groups to determine
inappropriate representation groups. As another example, client device 40 may conpare
user preferences for language, rating, and amount of depth (e.g., as previded by two or
more views having particular camera angles), to eliminate undesirable representation
groups. Client device 40) may then select an appropriate representation group based at
teast in part oo the decoding and rendering capabilities of client device 40 (404). Of
course, it should be understood that this selection may also (additionally or
alternatively) be made based on user preferences, as discussed above. In this manner,
client device 40 may select a set of representations based on common characteristics for
the set of representations.
[81771 Afler selecting a representation group, client device 40 may request data for an
MPD portion that specifically describes representations of the representation group. In
response, servet device 60 may provide indications of representation bifrates, among
other individual representation characteristics, in the selected representation group to
client device 40 (406). For example, server device 60 may send data for a specific one
of MPD portions for representation groups 260 (FIG. 3) to client device 40. In other
examples, client device 40 may bave already received a full MPD for the nultimedia
conient (e.g., MPD 202 of FIG 4), but may particularly analyze portions of the MPD
corresponding specifically to the selected representation group. In this manner, in some
cxampies, stcp 406 of FIG. 8 may occur prior to step 402 and/or step 404.
[8178] in any case, after receiving characteristics specific to representations of the
selected representation group inchuding bitrates for the representations (408), client
device 40 may determine a corrently available amount of network bandwidth (4103,
Chigut device 40 may then select a representation front the sclected representation group
{412), such that the selected representation has a bifrate that can be accommodated by
the determined corrently available amount of network bandwidth. The bitrates of the
representations represent exampies of coding characteristics of the individual
cpresentations in the representation group. Client device 40 may thev request data of

the selected representation (414). For cxample, client device 40 may construet (c.g.,
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generate and send) an HTTP GET request to request a segment of the selected
representation. Alernatively, client device 40 may constract an HTTP partial GET that
specifics a byte range of a segment of the selected representation. In any case, client
device 40 may subniit the request o server device 60,

[817%1 Server device 60 may receive the request, and in response, send the requested
data to client device 40 (416). For example, request processing unit 70 may determine a
network address of client device 40 from data of the received request, e.g., a scurce
infernet protocol (IP) address and source port of the received request. Request
processing unit 70 may form network packets fuchuding the requested data and send the
requested data to client device 44}, e.g., destined for the deternined TP address of client
device 40.

{81881 After receiving the requested data, client device 40 may begin decoding and
displaying the received data (418). While receiving requested data, client device 40
may coniinue analyzing currently available network bandwidth and submiiting requests
from representations having bitvates that can be accommodated by the currently
available amount of network bandwidth (410-414). 1f the amount of network
bandwidth changes, chient device 40 may adaptively switch to a different representation
in the selected representation group. For example, client device 40 may deternine a
segment in a new representation corresponding to the temporal location of the last
sezment requested from a previcus representation in the representation group, then
request the determined segment {or a portion thereof) in the new representation,

(81811 In some sxamples, server device 60 may provide an MPD corresponding o
targeted advertisement insertion to client device 40 during the method of FIG. 8. The
MPD may cause client device 44) to retrieve advertisement multimedia data targeted to a
user of client device 40. In some examples, clicnt device 40 may further provide user
nformation to server device 00 o target the advertisement media data to the user of
chient device 40. The user information may include user preferences, user identifving
information (such as a vser 1D}, user demographic information, or other such
information. The targeted add insertion may occur, for example, prior fo stop 400 of
FIG. §, or after step 418 and before selecting a subsequent representation, e.g., fora
subsequent period of the multimedia content,

{6182} In this manner, the method of FIG. 8 represents an example of a method
including analyzing at feast a portion of a manifest file for muttimedia content, wherein

the portion of the manifest file includes information indicative of sets of representations
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of the multimedia content and information indicative of commuon Characteristics for each
of the sets of representations, selecting one of the seis of representations based on the
common characteristics for the one of the sets of representations, selecting one of the
representations of the selected one of the sets of ropresentations based on one or more
coding characteristics of the one of the representations of the one of the sets, and
generating a request for data of the one of the representations based on the selection.
[8183] Likewise, the method of FIG. 8 represents an example of a method including
obtaining a set of represeutations of multimedia content having one or more contmon
chatacteristics, wherein each of the representations in the set have individual coding
characteristics separate from the common characteristics, obtaining a manifest file for
the multimedia content, whercin the manifest file includes information indicative of the
representations in the set, information indicative of the common characteristics for the
set of representations, and information indicative of the coding characteristics for each
of the representations in the set, and sending at least a poriion of the manifest file to a
¢Hent device,

{8184} FIG. 9 is a flowchart illustrating an example method for providing data
epresentative of a frick mode by a server device, and for using the data by a client
device to retricve and play trick mode data of multimedia content. Although the method
of FIG 9 s described with respect to server device 60 and client device 40, it shouid be
understood that other devices may implement techniques similar to those of the method
of FIG. 9. For example, content preparation device 20, or one or more network devices
of a content delivery network, may perform some or alf of the functions attributed to
server device 60. Moreover, the selection of a trick mode may be performed in
corjunction with selection of a representation group and a representation from the
represcntation group, as described with respect to FIG. 8 above,

{8185} Server device 60 may initially obtain {e.g., create, or receive from content
preparation device 20} data for one or more representations of multimedia content,
where at least one of the representations includes a temporal sub-sequence, as well as a
manifest file for the multimedia covtent. The manifest file may indicate that the
representation includes a temporal sub-sequence. Server device 60 may provide
indications of representations of mwitimedia content, e.g., characteristics of the
representations {430} to client device 40, In addition, server device 60 may provide
indications of temporal sub-sequences of ove or more of the representations (432). That

is, server device 60 may provide information in an MPD file for the multimedia content
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indicating that temporal sub-sequences are available for one or more representations of
the multimedia content. For example, server device 60 may provide at least a portion of
an MPD including a trick mode element having a temporal sub-sequence sub-clement to
client device 40, as described with respect to FIG, 6 above.

[6186] Client device 40 may select a representation based on charactenistics of the
representations of the multimedia content (434). Although client device 40 need not
necessarily select a representation with a temporal sub-sequence, for purposes of
discussion to illustrate these techniques, it is assumed for purposes of example that
client device 40 selects a representation for which a temporal sub-sequence is available.
Client device 40 may then receive a request o use a irick mode (436). For example,
client device 40 may receive a selection of a particular temporal location from which to
begin playback, e.g., from a user of chient device 40, Alternatively, cHent device 40 may
receive a request to fast forward or rewind the video data,

{8187} In response to the request to use the trick mode, client device 40 may determine
whether a femaporal sub-sequesce for the tepreseniation is available, and if so, to request
data for retrieving at least 4 portion of the temporal sub-sequence (438). Server device
60 may respond to the request by providing indications of locations of data for ihe
temporal sub-sequence te client device 40 (440). In some examples, a portion of the
MPD for the multimedia content may indicate locations of the data for the temporal sub-
sequence. In other examples, client device 40 may request sub-fragment index boxes
and/or sub-track fragment boxes from segments of the corresponding representation,
18188] In any case, client device 40 may use the received data inclhiding information
indicative of locations of data for the temporal sub-sequence to request dafa of the
temporal sub-seguence from the specified locations (442). For example, clent device
40 may detcrmine locations {e.g., URLs of scgments and, possibly, byte ranges of the
segments) including 12R random access points and/or ODR random access points.
Client device 40 may then construct HTTP GET or partiat GET requests for data of the
temporal sub-sequence, in order to play video data according to the trick mode.

16183} After receiving the HTTP GET and/or partial GET requests from client device
40, server device 60 may provide the requested data to client device 40 (444), For
example, server device 60 may send segments in response to HTTP GET requests or
media fragments of segments (or portions of media fragments) in response to HTTP
partial GET requests. After receiving the requested data, client device 40 may decode

and display the received data (446). Likewise, client device 40 may continue requesting

o
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data from the representation (or a different representation if the amownt of available
network bandwidth changes).
{61841 In this manner, the method of FIG. 9 represents an cxample of a method
including analyzing information of a manifest file for mulrimedia content, wherein the
information of the manifest file indicates that at least one representation of the
multimedia content includes a temporal sub-sequence, determining one or more
focations of data for the temporal sub-sequence, and submitting ong or more requests for
the data for the temporal sub-sequence.
(81911 Likewise, the method of FIG. 9 represents an example of a method including
obtaining data for at least one representation of muliimedia content that inchides 3
temporal sub-sequence, obtaining data for a manifest file for the multimedia coutent,
wherein information of the manifest file indicates that the at least one representation of
the multimedia content includes the temporal sub-sequence, and sending at least a
portion of the manifest file to a client device.
[8192] FIG. 10 is a flowchan iustrating an example methed for providing, by a server
device, tndications that a manifest file, such as an MPD, s 1o be updated, and for
updating an MPD by a client device. Although the method of FIG 10 is described with
espect to seyver deviee 60 and client device 40, it shouid be understood that other
devices may implement {echniques similar 1o those of the method of FIC. 10. For
example, content preparation device 20, or one or more network devices of a content
delivery network, may perform some or all of the functions attributed to server device
6. Meoreover, updating of an MPD may be performed in conjunction with selection of
a trick mode and/or selection of a representation group and a representation from the
representation group, as described with respect to FIGS. 8 and 8 above.
(8193} In some examples, content preparation device 20 may encode and encapsulate
encoded video data captured during a live event, such as a sporting event. [n this
manne?, client device 40 may retrieve coded data of the event in nearly real time as the
event is occurring. Initially, server device 60 may receive one or more represcutations
of multimedia content corresponding to the live event and provide fudications of
characteristics for representations of the multimedia content in an MPD (460). The
MPD tnay only describe characteristics and locations of segments up {0 a particalar
temporal location of the multimedia content, duc to the multimedia content being

formed as the event is being filmed Hive.
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{6194} Chient device 40) may use the information of the MPD fo seleet 4 representation
{(462). Using the current MPD, client device 40 may request segments of the selected
fepresentation, e.g., up to the temporal location. In response, server device 60 may send
the requested segments. However, in addition, server device 60 may send a segment
mcluding an MPD update box or other information indicating that the MPD is to be
updated as of that segment (466).

{8195] In response, client device 40 may decode and display daia of one or more of the
received segments (468). Client device 40 may also receive the information indicating
that the MPD is to be updated (470). For example, client device 40 may receive the last
segment before the temporal location at which the MPD no longer applies. Client
device 40 may determine that the last segment includes an MPD update box, similar to
the MPD update boxes described with respect to FIG 7.

{0196} Using the update box, client device 40 may request updates w the MPD (472).
For example, client device 40 may determine a network location of updates for the MPD
and request the updates from the determined location. Server device 60, or another
device storing updates to the MPD {e.g., content preparation device 20) may send
information indicative of the updates to the MPD (474), which client device 40 may use
to update the MPD (476). Alternatively, in some examples, the MPD update box may
incluade information indicative of the MPD updates itself, in which case client device 40
may update the MPD using the information of the MPD update box. In any case, cliemt
device 40 may then request segments following the temporal location at which the
previous MPD no longer applicd, using the updated version of the MPD (478). Clicnt
device 40 and server device 6() may continue performing similar steps until client device
40 has finished playback of the muitimedia content.

[8197] In some examples, tochnigucs similar to the method of FIG 10 may be used fo
perform targeted advertisement insertion. For example, an updated MPD may include a
portion that corresponds to advertisement media content. Client device 40 may be
required to retrieve and play back data of the advertisement media content, based on the
updated MPD, iv order to receive data of one or more segments of the advertisement
media content, which may include another updated MPD for retrieving subsequent
media data of the desired media content.

[6198] In this manner, the method of FIG, 10 represents an example of a method
ncluding retrieving data of a first segment of a representation of multimedia content in

accordance with data of a copy of a manifest file stored by a client device, rewieving a
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portion of a second segment of the representation in accordance with the manifest file,
wherein the second segment occurs after the first segment in the representation, and
wherein the portion of the second segment indicates that the manifest file is to be
updated, updating the copy of the mauifest file stored by the client device based on the
indication that the manifest file is to be updated, and refrieving media data of the second
segment in accordance with the updated manifest file.

[6199] Likewise, the method of FIG. 10 represents an example of a method including
sending data of a manifest file of multimedia content to a client device, wherein the
raanifest file includes nformation indicative of o first segment of a representation of the
multimedia content, sending at least a portion of the first segment of the representation
to the client device in response o a request frem the client device, wherein the portion
of the first segment indicates that the manifest file is to be updated, wherein an gpdated
version of the manifest file includes information indicative of a second, different
segiment of the representation, and sending, in response to a request received from the
client deviee and formed according to the updated manifest file. data of the second
segment to the client device.

0268} FIG. 11 15 a flowchart illustrating an example method for consiructing and using
data of a quality of experience (QoE) report document. Although the method of FIG. 11
is described with respect to server device 60 and client device 40, it shoald be
understood that other devices may implement techniques similar to those of the method
of FIG. 11, For example, content preparation device 20, or one or more network devices
of a content delivery network, may perform some or all of the functions attributed 1o
server device 60. Moreover, providing a QoE report to server device 60 and/or content
preparation device 20 may be performed in conjunction with any or all of updating of an
MPD, sclection of a irick mode, and/or sclection of a represcntation group and a
representation from the representation group, as described with tespect to FIGS. 8, 9,
and 10 above.

(8281} Initially, server device 60 may provide indications of characteristics of
representations of multimedia content ju an MPD to client device 40 (500). As
discussed above, client device 40 may select a representation (502), e.g., based on
decoding and/or rendering capabilities of clent device 40, user preferences, available
network bandwidth, and/or other characterisiics of representations of the multimedia
contend. Client device 40 may then request one or more segments of the selected

representation (504).
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[6262] Server device 60 may send the requested segments to client device 40 (506).
After receiving the requested segments, client device 40 may decode and display the
cecived data (508). Client device 40 may then determine whether afl video data has
been received (510}, 11 the fast segment of the representation (or nwiltimedia content
generally) has not been received {“NO” branch of 510}, client device 40 may again
evaluate a currently available amount of network bandwidth and select a representaiion
based on this analysis (502) and request segments of the representation (504).
16203} In general, client device 40 may buffer the data and aftempt to avoid buffer over-
and under-flow by requesting data of the multimedia content from a representation that
can be accommuodated by currendy avatlable network bandwidth. At times, however,
ufter overflow or undertiow may vccur, ¢.g., if aciual coding characteristics of the
multimedia content did not match the signaled coding characteristics or if there was
insufficient data for client device 40 to make a proper selection. Other factors may also
result in reduced quality of experience for a user of client device 40. Therefore, afler
the last segment of the representation {or multimedia content) bas been received and
properly decoded (YES™ branch of §10), client device 40 may provide a quality of
experience ((QoE) report to server device 60,
[8284] For example, client device 40 may construct the report to inchude indications of
selected segments and representations (512). Client device 40 may also record
occurrences of buffer overflow/underflow, which may result in pauses in media
playback. Client device 40 may form a report including a sequence of PeriodReport
clements, representing the Periods that were played out, A Period clement may include
a sequence of RepresentationReport elements, each representing a continuous playout of
a portion of a Representation, and providing the start and end tomes in both real time
and presentation fime. The report can also inchude the initial startup time, this being the
time {rom the user request for viewing the content and the start of playout. o this
manner, the report document may comprise an extensible markup language (XML)
formaited clectronic document indicaiive of representations of the multimedia content
from which the chient device retrieved media data of the multimedia content.
(8265} Client device 40 may provide the report to server device 60 or ancther device of
a content delivery network, such as content preparation device 20 or a dedicated report
cellection device. In this manner, server device 60 may receive the indications of the
segments and represeutations received by client device 40 (514). Server device 60 may

then provide the indications to, ¢.g., content preparation device 20 or another device
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associated with a service provider or media assembler to Tmprove content preparation
(516). From the information provided by client device 40, a service provider may
determine exactly what was played out, when there were pauses in playout, and when
there were switches between representations. Alternatively or additionally, client device
40 may provide summary information in the form of the total playout duration and
number of distinet, continvous playout periods for each representation, together with the
number of pauses and the mean and variance of the pause durations.

1286} Using this data, the service provider may analyze quality of experience
information for a new picce of media content for streaming using Adaptive HTTP
Streaming. The service provider may make 2 nomber of different representations at
diffcrent bitrates available, and provide HTTP serving infrastructure fo host the media
files, then collect the feedback to determine quality of users’ viewing experiences. The
service provider may use this data to improve qoality of service for this or future media
content hosting, Quality of Experience metrics may refer to actual viewing as
experienced by a user and may be independent of client algorithms used for scheduling
of HTTP requests, representation selection decisions, and the like. In this manner, the
service provider may obtain a relatively accurate portrayal of the quality of a user’s
viewing experience for a specific viewing session.

(6287} In this manner, the method of FIG. 11 represents an example of a method
including constructing a document inchiding information indicative of representations
of multimedia content from which media data was retrieved, and sending the
coustructed document 10 a server from which the media data was retricved. The method
of FIG. 17 also represents an example of 2 method inchuding receiving information
indicative of data retrieved by a client device, comprising receiving an extensible
markup language formatied clectrenic document including information indicative of
representations of the multimedia coment from which the client device retrieved media
data of the multimedia content.

92881 In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof, if implemented in software,
the functions may be stored on or transmitted over as one or more instructions or code
on a compuier-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
carTesponds to a tangible medium such as data storage media, or communication media

including any medium that facilitatcs transfer of a computer program from onc place to
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another, €.£., according to a conynunication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2) a comumunication medium such as a signal or
carrier wave. Data storage media roay be auy available media that can be accessed by
One OF MOTe COMPUIETS OF ONE OF MOre Processors to retrieve nstructions, code and/or
data stractures for implementation of the techniques described in this disclosure. A
computer program product may include a computer-readable medium.

18209} By way of exanple, and not limitation, such computesr-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other mediom that
can be used 10 store desived progran code in the form of instructions or daia structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if instructions are transmiited from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber ling {DSLY, or wireless fechnologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as tnfrared, radio, and microwave are included in the definition of
medium, It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transitory
media, but are instead directed to non-transitory, tangible storage media. Disk and disc,
as used herein, includes compact disc (CD), laser disce, optical disc, digital versatile disc
(DVD), floppy disk and biu-ray disc where disks usually reproduce dara magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

8214} Insiructions may be exccuted by one or more processors, such as ong or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other
equivalent integrated or discrete fogie circuitry., Accordingly, the term “processor,” as
used herein may refer to auy of the foregoing struciure or any other structure suitable for
implementation of the techniques deseribed herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the techniques could be fully implemented in one or more eircuits or logic

clements.
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{6211} The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (ICy or a set of
ICs {e.g., a chip set). Various components, modules, or units are deseribed in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed technigues, but do not necessarily require realization by different hardware
units. Rather, as described above, various onits may be combined in a codee hardware
unit or provided by a collection of intcroperaiive hardware units, including one or more

processors as described above, in conjunction with suitable software and/or firmware.



60

WHAT IS CLAIMED IS:

1. A method of retrieving multimedia data, the method comprising:

analyzing information of a manifest file for multimedia content, wherein the
information of the manifest file indicates that at least one representation of the
multimedia content includes a temporal sub-sequence;

determining one or more locations of data for the temporal sub-sequence; and

submitting one or more requests for the data for the temporal sub-sequence.

2. The method of claim 1, further comprising presenting the data of the temporal

sub-sequence in a trick mode for the representation.

3. The method of claim 1, wherein determining the locations of the data comprises
determining the locations of the data for the temporal sub-sequence from the manifest
file.

4. The method of claim 1, wherein determining the locations of the data comprises:
retrieving data for a portion of the representation, wherein the portion of the
representation includes data indicative of one or more locations of data for the temporal
sub-sequence; and
analyzing the data for the retrieved portion of the representation to determine the

locations of the data for the temporal sub-sequence of the representation.

5. The method of claim 4, wherein the data for the portion of the representation

corresponds to continuous byte sequences of respective segments of the representation.

6. The method of claim 4, wherein the portion of the representation comprises a

sub-fragment index box of the representation.

7. The method of claim 4, wherein retrieving the data for the portion of the
representation comprises:

determining a starting byte of the portion of the representation and an ending
byte of the portion of the representation from data of the manifest file; and

sending a partial GET request that specifies the starting byte, the ending byte,

and an identifier of the representation.
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8. The method of claim 1, wherein the data for the temporal sub-sequence
comprises one or more instantaneous decoder refresh (IDR) pictures of the

representation.

0. A device for retrieving multimedia data, the device comprising one or more
processors configured to analyze information of a manifest file for multimedia content,
wherein the information of the manifest file indicates that at least one representation of
the multimedia content includes a temporal sub-sequence, determine one or more
locations of data for the temporal sub-sequence, and submit one or more requests for the

data for the temporal sub-sequence.

10.  The device of claim 9, wherein the one or more processors are configured to

determine the locations of the data for the temporal sub-sequence from the manifest file.

11. The device of claim 9, wherein to determine the locations of the data, the one or
more processors are configured to retrieve data for a portion of the representation,
wherein the portion of the representation includes data indicative of one or more
locations of data for the temporal sub-sequence, and analyze the data for the retrieved
portion of the representation to determine the locations of the data for the temporal sub-

sequence of the representation.

12. The device of claim 11, wherein the portion of the representation comprises a

sub-fragment index box of the representation.

13.  The device of claim 11, wherein to retrieve the data for the portion of the
representation, the one or more processors are configured to determine a starting byte of
the portion of the representation and an ending byte of the portion of the representation
from data of the manifest file, and send a partial GET request that specifies the starting

byte, the ending byte, and an identifier of the representation.

14.  The device of claim 9, wherein the device comprises at least one of:
an integrated circuit;
a microprocessor; and

a wireless communication device that includes the one or more processors.

15. A device for retrieving multimedia data, the device comprising:
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means for analyzing information of a manifest file for multimedia content,
wherein the information of the manifest file indicates that at least one representation of
the multimedia content includes a temporal sub-sequence;

means for determining one or more locations of data for the temporal sub-
sequence; and

means for submitting one or more requests for the data for the temporal sub-

sequence.

16.  The device of claim 15, wherein the means for determining the locations of the
data comprises means for determining the locations of the data for the temporal sub-

sequence from the manifest file.

17.  The device of claim 15, wherein determining the locations of the data comprises:
means for retrieving data for a portion of the representation, wherein the portion
of the representation includes data indicative of one or more locations of data for the
temporal sub-sequence; and
means for analyzing the data for the retrieved portion of the representation to

determine the locations of the data for the temporal sub-sequence of the representation.

18.  The device of claim 17, wherein the portion of the representation comprises a

sub-fragment index box of the representation.

19.  The device of claim 17, wherein the means for retrieving the data for the portion
of the representation comprises:
means for determining a starting byte of the portion of the representation and an
ending byte of the portion of the representation from data of the manifest file; and
means for sending a partial GET request that specifies the starting byte, the

ending byte, and an identifier of the representation.

20. A computer program product comprising a computer-readable medium having
stored thereon instructions that, when executed, cause a processor of a device for
retrieving multimedia data to:

analyze information of a manifest file for multimedia content, wherein the
information of the manifest file indicates that at least one representation of the
multimedia content includes a temporal sub-sequence;

determine one or more locations of data for the temporal sub-sequence; and
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submit one or more requests for the data for the temporal sub-sequence.

21.  The computer program product of claim 20, wherein the instructions cause the
processor to present the temporal sub-sequence of the representation in a trick mode for

the representation.

22.  The computer program product of claim 20, wherein the instructions that cause
the processor to determine the locations of the data comprise instructions that cause the
processor to determine the locations of the data for the temporal sub-sequence from the

manifest file.

23.  The computer program product of claim 20, wherein the instructions that cause
the processor to determine the locations of the data comprise instructions that cause the
processor to:

retrieve data for a portion of the representation, wherein the portion of the
representation includes data indicative of one or more locations of data for the temporal
sub-sequence; and

analyze the data for the retrieved portion of the representation to determine the

locations of the data for the temporal sub-sequence of the representation.

24.  The computer program product of claim 23, wherein the portion of the

representation comprises a sub-fragment index box of the representation.

25.  The computer program product of claim 23, wherein the instructions that cause
the processor to retrieve the data for the portion of the representation comprise
instructions that cause the processor to:

determine a starting byte of the portion of the representation and an ending byte
of the portion of the representation from data of the manifest file; and

send a partial GET request that specifies the starting byte, the ending byte, and

an 1dentifier of the representation.

26. A method of sending information for multimedia data, the method comprising:
obtaining data for at least one representation of multimedia content that includes

a temporal sub-sequence;
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obtaining data for a manifest file for the multimedia content, wherein
information of the manifest file indicates that the at least one representation of the
multimedia content includes the temporal sub-sequence; and

sending at least a portion of the manifest file to a client device.

27. The method of claim 26, wherein the manifest file includes information

indicative of locations of data for the temporal sub-sequence.

28.  The method of claim 26, wherein a portion of the representation includes data
indicative of one or more locations of data for the temporal sub-sequence, the method
further comprising:

receiving a request for the portion of the representation from the client device;
and

sending the portion of the representation to the client device in response to the

request.

29.  The method of claim 28, wherein the portion of the representation comprises a

sub-fragment index box of the representation.

30.  The method of claim 28, wherein the manifest file indicates a byte range for the
portion of the representation, and wherein the request comprises a partial GET request

that specifies the byte range for the portion of the representation.

31. A device for sending information for multimedia data, the device comprising
one or more processors configured to obtain data for at least one representation of
multimedia content that includes a temporal sub-sequence, obtain data for a manifest
file for the multimedia content, wherein information of the manifest file indicates that
the at least one representation of the multimedia content includes the temporal sub-

sequence, and send at least a portion of the manifest file to a client device.

32. The device of claim 31, wherein the manifest file includes information indicative

of locations of data for the temporal sub-sequence.
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33.  The device of claim 31, wherein a portion of the representation includes data
indicative of one or more locations of data for the temporal sub-sequence, and wherein
the one or more processors are configured to receive a request for the portion of the
representation from the client device, and send the portion of the representation to the

client device in response to the request.

34.  The device of claim 33, wherein the portion of the representation comprises a

sub-fragment index box of the representation.

35.  The device of claim 33, wherein the manifest file indicates a byte range for the
portion of the representation, and wherein the request comprises a partial GET request

that specifies the byte range for the portion of the representation.

36.  The device of claim 31, wherein the device comprises at least one of:
an integrated circuit;
a microprocessor; and

a wireless communication device that includes the one or more processors.

37. A device for sending information for multimedia data, the device comprising:
means for obtaining data for at least one representation of multimedia content
that includes a temporal sub-sequence;
means for obtaining data for a manifest file for the multimedia content, wherein
information of the manifest file indicates that the at least one representation of the
multimedia content includes the temporal sub-sequence; and

means for sending at least a portion of the manifest file to a client device.

38. The device of claim 37, wherein the manifest file includes information indicative

of locations of data for the temporal sub-sequence.

39.  The device of claim 37, wherein a portion of the representation includes data
indicative of one or more locations of data for the temporal sub-sequence, further
comprising:

means for receiving a request for the portion of the representation from the client
device; and

means for sending the portion of the representation to the client device in

response to the request.
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40.  The device of claim 39, wherein the portion of the representation comprises a

sub-fragment index box of the representation.

41.  The device of claim 39, wherein the manifest file indicates a byte range for the
portion of the representation, and wherein the request comprises a partial GET request

that specifies the byte range for the portion of the representation.

42. A computer program product comprising a computer-readable medium having
stored thereon instructions that, when executed, cause a processor of a device for
sending information for multimedia data to:

obtain data for at least one representation of multimedia content that includes a
temporal sub-sequence;

obtain data for a manifest file for the multimedia content, wherein information of
the manifest file indicates that the at least one representation of the multimedia content
includes the temporal sub-sequence; and

send at least a portion of the manifest file to a client device.

43.  The computer program product of claim 42, wherein the manifest file includes

information indicative of locations of data for the temporal sub-sequence.

44.  The computer program product of claim 42, wherein a portion of the
representation includes data indicative of one or more locations of data for the temporal
sub-sequence, further comprising instructions that cause the processor to:
receive a request for the portion of the representation from the client device; and
send the portion of the representation to the client device in response to the

request.

45.  The computer program product of claim 44, wherein the portion of the

representation comprises a sub-fragment index box of the representation.

46.  The computer program product of claim 44, wherein the manifest file indicates a
byte range for the portion of the representation, and wherein the request comprises a

partial GET request that specifies the byte range for the portion of the representation.



