WO 2012/021540 PCT/US2011/047125

TRICK MODES FOR NETWORK STREAMING
OF CODED VIDEG DATA

TECBNICAL FIELD

(8001} This disclosure relates to storage and iransport of encoded multimedia data.

BACKGROUND

{80662} Digital video capabilities can be ncorporated inip a wide range of devices,
including digital televisions, digital divect broadeast systems, wireless broadeast
systems, personal digital assistants (PDAs}, laptop or desktop computers, digital
cameras, digital recording devices, digital media players, video gaming devicas, video
game consoles, cellular or satellite radio telephones, video teleconferencing devices, and
the ke, Digital video devices implement video compression techniques, such as those
deseribed n the standards defined by MPEG-2, MPEG-4, TTU-T H.263 or TTU-T
H.264/MPEG-4, Part 14, Advanced Video Coding (AVC), and extensions of such
standards, to fransmit and receive digital video information more efficiently.
{8863} Video compression techniques perform spatial prediction and/or temporal
pradiction io reduce or remove redundancy inherent in video sequences. For block-
based video coding, a video frame or slice may be partitioned into macroblocks. Each
macroblock can be further partitioned. Macroblocks in an intra-coded (1) frame or shice
are encoded using spatial prediction with respect to neighboring macroblocks.
Macreblocks in an inter-coded (P or B) frame or slice may ose spatial prediction with
respect to neighboring macroblocks in the same frame or slice or temporal prediction
with respect fo other reference frames.
{80047 After video data has been encoded, the video data may be packetized for
transmission or siorage. The vidoo data may be assensbled into a video file conforming
to any of a varicty of standards, such as the International Organization for
tandardization (IS0) base media file format and extensions thereof, such as [TU-T
H.264/AVC. Such packetized video data may be transporied in a variety of ways, auch

as fransmission over a computer network using network strceming,

SUMMARY

{8005 In general, this disclosure describes techniques for improving streaming of

media data over a networle. These techaiques include support for trick modes, such as
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fast forward, rewind, and seeking within media content stremmed 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
representations. Moreover, the techniques inchude providing information for updating
manifest files for streamed media content. The technigues also include providing media
data for targeted advertisements as external periods for media content. These
techniques further include providing and imterpreting quality of experience reports from
a client device to a service provider. Furthermore, these fechnigues include signaling of
profile data to which a mamifest file of media content conforms.,
{66061 In one example, a method of retrieving video data includes analyzing at leasta
portion of a manifest file for multimedia content, wherein the portion of the manifest
file nclodes 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 sets of represemations based on the common
characteristics for the one of the sets of representations, selecting one of the
representations of the selecied one of the sets of representations based on one or more
cuding 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.
{8007 In another example, a device for receiving information for video data inchades
one or more processors configured 1o analyze at least a portion of a manifest file for
multhmedia content, wherein the portion of the manifest file includes information
ndicative of sets of representations of the multimedia confent and information
indicative of common characteristics for each of the sets of representations, select one
of the sets of representations based on the common characteristics for the one of the sets
of represcatations, sclect one of the representations of the selected onc of the sets of
cpresentations based on one oy 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
represeptations based on the selection.
F00K] In another example, 2 device for veceiving information for video data includes
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 reprosentations, means for
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selecting 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 sets, and means for generating a request for data of the one of the representations
based on the selection.

{80651 In another example, a compuier program product includes a computer-readable
storage medium comprises instructions that, when execeted, cause a processor of 2
device for retrieving video data to analyze at least a portion of 2 manifest file for
mulitmedia 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 common characteristics for the one of the sets
uf representations, select one of the representations of the selected one of the sets of
representations based on one or more coding characieristics of the one of the
representations of the one of the sefs, and generate a request for date of the one of the
representations based on the selection,

{6914} In another exampie, a method of sending information for video data jncludes
obtaining & set of representations of muliimedia 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
nmantfest 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 sct of represcmations, and information indicative of the coding
characteristics for each of the repressntations in the set, and sending at least a portion of
the manifest file to a cHent device.

8011} In another cxample, a device for sending Information for video data, the device
compriging one or more processoss configured fo obtain a set of representations of
multimedia content having one or more comnion characteristics, wherein cach of the
representations in the set have one or more individual coding characteristics separate
from the conumon characteristics, obiaining 2 manifest file for the multimedia content,
wherein the manifest file includes information indicative of the representations in the
set, information ndicative of the common characteristics for the sel 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 o a client device,
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(8612] In another example, a device for sending information for video data includes
means for obiaining a set of representations of nultimedia content having one or mote
cominon characteristics, wherein each of the representations in the set have one or more
individoal coding characteristics separate from the common characteristics, means for
obtaining a manifest file for the nultimedia content, wherein the manifest file includes
information indicative of the representations in the set, imformation 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 means for sending at
feast a portion of the manifest file to a chent device,

[8013] In another example, a computer program product includes a computer-readable
storage medium comprises instructions that cause a processor of & device for providing
video data to obtain a set of representations of multimedia content having one or more
common characteristics, wherein each of the represeniations in the sat have one or more
individual coding characteristics separate from the conunon characteristics, obiain 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 cach of the representations in the set, and send at least a portion of the
mantfest file to a chient devige.

[6814] In another example, 2 method of retrieving video data includes analyzing
information of @ manifest file for multimedia conient, wherein the information of the
manifest file indicates that at least one representation of the multimedia content includes
a tempora] sub-sequence, determining one or more locations of data for the temporal
sub-sequence, and submiiting one or mote requests for the data for the temporal sub-
sequence,

6815 In another example, a device for refrieving video data includes 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 termporal sub-sequence, determing one of 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 anciher example, a device for refrieving video data includes means for
analyzing information of a manifest file for multimedia content, wherein the

information of the manifest filo 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 subniiiting one or
more requests for the data for the temporal sub-sequence.

(6017} In another example, a compuser program product includes a computer-readable
medium having stored therson instructions that, when executed, cause a processor ofa
device for retrieving video data to analyze information of a manifest file for multimedia
comtent, wherein the information of the manifest file indicates that at least one
represcntation of the nuiltimedia content includes a femporal 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.

{8018} [n another example, a method of sending information for video data includes
ablaining data for 21 least one representation of meltimedia content that ncludes 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 at least a
portion of the manifest file to a client device,

{90191 In anocther exampie, a device for sending information for video data includes one
or more processors configured to obtain data for at loast 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 mulimedia content includes the temporal sub-
sequence, and send at least a portion of the manifest file to a client device.

19028] In another example, a device for sending information for video data includes
means for obtaining data for at least one representation of multimedia content that
includes a tomporal sub-sequence, means for obtaining data for a manifest file for the
multimedia content, wherein information of the manifest fils indicates that the at least
one representation of the multimedia content includes the temporal sab-sequence, and
means for sending atf feast a portion of the manifest file to a client device.

(8021} In another example, a computer program product includes 2 computer-readable
medium 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 content that includes a temporal sub-sequence, obtain data

for a mantfest file for the muitimedia content, wherein information of the manifest file
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indicates that the at least one representation of the muitimedia content meludes the
temporal sub-sequence, and send at least a portion of the manifest file to a client device.
10022} 1n another example, a method of retrieving video data includes retrieving data of
2 first segment of a representation of multimedia content in accordance with data of a
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
segment oceuts after the first segment in the reprosentation, and wherein the portion of
the second segment indicates that the manifest file is to be updated, updating the copy of
the manifest file stored by the client device based on the indication that the manifest file
is to be updated, and retrieving media data of the second segment in accordance with the
updated manifest tile.

10823} In another example, a device for retrieving videe dala includes one or more
processors configured fo retiieve data of a first segment of a representation of
multimedia confent in accordance with data of a copy of a manifest file stored by the
device, retrieve & portion of a scoond segment of the representation in accordavee 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 i3 to be updated, and refrieve media data of
the second segment in accordance with the updated manifest file.

[8024] In another example, 3 device for retrieving video data ncludes means for
retrieving data of a first segment of a representation of multimedia content in
ageordance 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
represenfation, 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 second segment in accordance with the vpdated manifest
file.

[6025] In ancther example, a computer program product includes a computer-readable
medium having stored thereon instructions that, when execated. causc a processor of a
device for retrieving video data fo retrieve data of a first segment of a representation of

multimedia content in accordance with data of & 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 mantfest file, wherein the second segment occors after the first segment in the
representation, and wherein the portion of the sccond segment indicates that the
mauifest file is to be updated, updaie the copy of the manifest file stored by the device
based on the indication that the manifest file is 10 be updated, and retrieve media data of
the second segment in accordance with the updated manifest file,

1526} In another example, a method of sending information for video data includes
sending data of a manifest file of multimedia content to a client device, wherein the
manifest file inchudes information indicative of a 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 inresponse to a reguest 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 inclodes information indicative of a second, different
segment of the representation, and sending, in response 10 a request received from the
client device and formed sccording to the updated manifest file, data of the second
segment to the client device.

18827} In another example, a device for sending information for video data inclades one
or more processors configured to send data of a manifest file of multimedia content to a
chent device, wherein the manifest file fncludes wformation indicative of a frst
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 8 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
reecived from the clicnt device and formed according to the updated manifest file, data
of the second segmeant to the client device,

[G923] In ancther exaniple, a device for sending information for video data inchudes
means for sending daia of 2 manifesi file of muliimedia content to a client device,
wherein the manifest file includes nformation indicative of a first segment of a
representation of the wiltimedia content, means for sending «t least a portion of the first
segment of the representation to the client device in response i a reguest 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 means for sending, in response
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to a request received from the chient device and formed according to the updated
mantfest file, data of the second segment to the client device.

(6825} In another example, a compuicr program product includes a computer-readable
medium having stored thereon instructions that, when executed, cause a processor of a
device for sending mformation for video data 10 send data of a manifest file of
multimedia content 1o a client device, whereln the manifest file inclades information
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 2
reqaest 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 received from the client device and formed according to the

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

BRIEY BESCRIPTION OF DRAWINGS

[8038] FIG. 1 is a block diagram illustrating an example system that implements
techmiques for streaming media data over a network.

8031} FIG. 2 is a conceptual diagram illustrating elements of an example multimedia
confent,

(8632} FIG. 3 is a biock diagram illustrating elements of an example video file, which
may cotrespend to a segment of 4 representation of nulimedia content.

#0331 FIG 4 is a conceptual diagram ilustrating an example maltimedia content
inclading a media presentation description (MPD) and various representation groups.
16034} FIG. 5 is a concepmal diagram iHustrating another example multimedia content,
in which MPD date is separated into various portions for various representation groups.
{8035} FIG. 6 is a conceptual diagram iHustrating another example multimedia content
that may be used to support trick modes,

18036} FIG 7 13 a conceptual diagram illustrating another example multimedia content
in which segmenis may include MPD update boxes to indicate thut an MPD of the
muitimedia content is to be updated.

10371 FIG. 8 is o fowchart iliustrating an example method for providing indications of

representation groups by a server device, and for selecting representation groups by a



WO 2012/621540 PCT/US2011/047125

chient device as well as an individual vepresentation within the selected representation
group.

{8038} FIG. 9 is a flowchart ilusirating 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 multimedia content.

[883%] FIG. 10 is 2 flowchart llustrating an example method for providing, by a server
device, indications that 2 manifest file, such as an MPD, is to be updated, and for
updating an MPD by a client device.

(6048} F1G. 1] 35 a flowchart illustrating an example method for constructing and using

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

DETAILED DESCRIPTION

{6041} In general, this disclosure describes technigues for streaming multimedia data,
such as audio and video data, over 2 network. The techniques of this disclosure may be
used in conjunction with dynamie adaptive streaming over HTTP (DASH). This
disclosure describes various techniques that may be performed in conjunction with
network streaming, any or alf of which may be implemented alone or in any
combination. As described in greater detail below, various devices performing network
streaming may be configured to implement the techniques of this disclosure.

[6042] In accordance with DASH and similar techniques for streaming data over a
network, muttiniedia content (such as a movie or other audio/video content, which may
also include 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 multimedia content. Each representation may corespond 1o
a particular set of characteristics, such as coding and rendering characteristics, to
provide data nsable by & variety of different clent devices with various coding and
rendering capabilities. Moreover, representations having various bitrates may allow for
bandwidth adapration, That is, a client device may detenuine an amournt of bandwidih
that iy currently available and select a representation based on the amount of available
bandwidth, along with coding and rendering capabilities of the client device.

16043} In some exarples, a content preparation device may indicate that a set of
representations has a set of common characteristics. The content preparation device

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

18044} The content preparation device may also provide separate nerwork locations for
different portions of a manifest file, such as a media presentation description (MPD} file
in a format prescribed by 3GPP (Third Generation Partnership Project). That is,
different portions of the manifest file may be independently addressable by, e.z., various
upiform resource identifiers (URTs), such as uniform resource lovators (URLs). An
nitial postion of the manifest file may inchade 2 URT, URL, or other loeation identifier
of another portion of the manifest file. For exampie, a first portion of the manifest file
may nclude deseriptions of common characteristics of representation groups, as
discussed above.

{0843} Each of the representation groaps may be associated with a respective different
portion of the manifest file, which may include data indicative of locations of media
data of representations in the respective representation group. In this mamer, a chent
device may receive the first postion of the manifest file, select an appropriate
representation group, retrieve another portion of the manifest file for the selected
represeutation group, select a representation of the selected group, and use the other
portion of the manifest file to retrieve data of the selected representation. Moreover, the
client device may adapt to changing network bandwidth using the other portion of the
manifost file, that is, the portion specific to the selected representation group.

(8846} Additionally or alternatively, a portion of 2 manifest file may refer to another
portion of the manifest file for other purposes. That is, a 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 inte a movie during playback. The remote period may correspond 6
ant advertisement, in some examples. These techniques may be used for targeted
advertising, in some examples. A cHent device may provide user information, such as
user ideatifier, user preferences for advertisements, and/or user demographic
information, t0 4 server device, which may select a portion of the menifest 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, .z, by the client device. The server
device may provide a location of the portion of the manifest file assceiated with targeted
advertissment media content to the client device., The client device may then retrieve
and present data of the targeted advertisement media content before retrieving data of a
particular representation of a period of requested multimedia content, In this manner, a
first portion of a manifest file for multimedia content may refer to a second portion of
the manifest file.

13047} In some instances, a user may wish to play video data in a manner other than
from start to finish. For example, a user may wish to play video data in fast forward or
rewind modes, or starting from a particular playback point. Such modes of video
playback, which are modes other than playing from start to finish, may be referred to as
“trick modes.” Tn trick modes, because not all video data will ultimately be played, all
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 data used for trick modes, such as
mstantaneons decoder refresh (IDR) pictures. In general, IDR pictores ean be decoded
withoui reference to data of any frames external to the IDR pictures themselves. Frames
or slices of IDR pictures are gencrally coded in an 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 1o download only data for the IDR
pictures for use in displaying video data in a trick mode, such as fast forward. Other
data may be included in the temporal sub-sequence as well. Data may be arranged in
coding order, such that data used for reference occurs earlier than (and in continuous
byte sequence with) referencing data. For example, an I-frame may precede a P frame,
which may proceed one or more B-frames, any or all of of which may precede other B-
frames that may refer to the earlier B-frame in a hierarchical fashion.

18048] 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 particular, 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 to apply to the MPD and/or locations from which a cHent
device can refrieve updates to the MPD. The updates may comprise an entirely bew

MPD or meremental updates relative to a previous MPD for the multimedia content.
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{8045} This disclosure further includes techniques for providing feedback from clent
devices to a server device andfor content preparation device. The feedback may
correspond to, for example, information indicative of data that was retrieved for
muitimedia content. An adiministrator or other vser of the content preparation dovice
andl/or server may use such information in a varjety of ways. For exampie, 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 example, the user may defermine representations that are accessed mors
frequently to determine whether certain representations should be added or removed to
or from the current maltimedia content, and/or how to encode representations of future
multimedia content.

[0058] Video files, such as segments of representations of media content, may conform
10 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 Multiview Video Coding
(MVC) file format, or other similar video file formats.

{6031] The ISO Base Media File Format Is designed fo contain timed media
information for & presentation in a flexible, extensibie 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 sinicture for time-based media files, The ISO Base Madia File format is used as
the basis for other file formats in the family such as AVC file format (JSO/AEC 14496-
15} defined support for H.264/MPEG-4 AVC video compression, 3GPP file format,
SV file formal, and MVC file format. 3GPP file format and MV file format are
extensions of the AVC file format. 1SO base media file format contains the timing,
structure, and media information for timed sequences of media data, sach as audio-
visoal presentations. The file structure may be object-oriented. A file can be
decomposed into basic objects very simply and the structure of the objects is implied
from their tvpe,

{6082} Files conforming 1o the ISO base media file format (and extensions thereof) may
be formed as a series of ehjects, called “boxes.” Data in the ISO base media file format
may be contained in boxes, such that no other data needs to be contained within the file
and there need not be data outside of boxes withiu the file. This includes any initial

L5

signature required by the specific file format. A “box™ may be an objcct-oriented
4 q Y T Y 3
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building block defined by a unique type wdentifier 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 meiadata of the media and the video and audio
framnes may be contained in the media data container and could be in other files,

[0033] A representation (moton sequence} may be contained in several files, sometimes
referred to as segments. Timing and framing (position and size) information is
generally in the 1SQ base media file and the ancillary files may essentially use any
formeat. This presentation may be ‘local’ to the system containing the presentation, or
may be provided via a network or other stream delivery mechanism,

[8084] An optional metadata track can be used to tag each track with the “interesting
characteristic” that i has, for which its value may differ from other members of the
groap {(e.g.. its bit rate, screen size, or language). Some samples within a track may
have special characteristics or may be individually identified, One example of the
characteristic 18 the synchronization point (offen a video I-frame). These points may be
idenrified by a special table in cach track, More generally, the nature of dependencics
hetween track samples can also be docomented using metadata, The metadara can be
struciured as a sequence of {ile format samples, just like a video frack. Such a track
may be referred to as a metadata track, Each metadata sample may be structured as a
metadata statement. There are various kinds of statements, corresponding to the various
questions that might be asked about the corresponding file- format sample or its
constituent samples,

[#085} When media is delivered over a streaming protocol, the media may need to be
transformed from the way it is represented in the file. One example of this is when
media is transmitted over the Real-time Transport Protocol (RTP). In the file, for
oxample, each frame of video is storcd contiguousty as a file-format sample. In RTP,
packetization rules specific to the codec vsed must be cbeyed to place these frames in
RTP packets. A streaming server may be configured to calcolate such packetization at
run-time. However, there is support for the assistance of the streaming scrvers.

{4086} The techniques of this disclosure may be applicable 1o network streaming
protocols, such as HTTP streaming, e.g., in accordance with dynamic adaptive
streaming over HTTP (DASH). In HTTP streaming, frequently used operations inclade
GET and partial GET. The GET operation retricves a whele 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 retrieves a continuons number
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of bytes of a file corresponding to the received byte vange. Thus, movie fragments may
be provided for HTTP streaming, because 2 partial GET operation can get one or more
individual mevie fragments. Note that, in a movie fragment, there can be several frack
fragments of different wacks. In HTTP streaming, 4 media representation may be a
structured collection of data that is accessible o the client. The client may request and
download media data information fo present a sireaming service to a user.

{6057} In the exampie of streaming 3GPP date using HTTP streaming, there may be
multiple representations for video and/or audio data of nultimedia content. The
manifest of such representations may be defined in a Media Presentation Description
(MPD) data structize. A media representation may correspond fo a structured collection
of data that is accessible to an HTTP streaming client device. The HTTP streaming
chient device may request and download media duta information to present a streaming
service to a user of the client device. A media representation may be described in the
MPD data stracture, which may include updates of the MPD.

[8088] Multimedia content may contain a sequence of one or more periods. Periods
may be defined by a Period element in the MPD, Each period may bave an atiribute
star! in the MPD. The MPD may include a start attribute and an availableStartTime
atfribute for cach period. For live services, the sum of the start atfribute of the period
and the MPD attribute availableStariTime may specify the availability time of the
period in UTC format, in particular the first Media Segment of each representation in
the corresponding period. For on-demand services, the start atiribote of the first period
may be (. For any other period, the strf arribute may specify a time offset between the
start time of the corresponding Period relutive to the start ime of the first Period. Each
period may extend until the start of the next Period, or uniil the end of the media
presentation in the case of the last period. Period start times may be precise, They may
reflect the actual timing resulting from playing the media of all prior periods.

{8058} Each period may contain one or more representations for the same media
content. A representation may be ong of a number of aliernative encoded versions of
audio or video data, The representations may differ by various characteristics, such as
encoding types, e.g., by bitrate, resolation, and/or codec for video data and biteate,
language, and/or codec for audio data. The term repregentation may be used to refer to
a section of encoded audio or video data corresponding to a particular period of the

nultimedia content and encoded in a particular way.
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{8068} 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 group are
generally considered aliernatives to cach other. For example, each 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 Tepresentation from cach non-zero group, in seme examples. Timing data
for each representation of a period may be expressed relative to the start time of the
period.

{80611 A representation may include one or more segments. Each representation may
include an initialization segment, or each 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 segment may be uniquely referenced by an identifier, such as
a4 uniform resource locator (URL). The MPD may provide the identifiers for each
segment. In some examples, the MPD may also provide bvis ranges in the form of a
range attribute, which may correspond to the data for a segment within a file accessible
by the URL or URL

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

[6063] FIG. 1 s a block diagram illustrating an cxamplc system 10 that implements
techniques for sireaming media data over a notwork. In this example, system 10
includes content preparation device 20, server device 60, and client device 40. Client
device 40 and server device 60 are communicatively coupled by network 74, which may
comprise the Infernet. [ 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.

16064] 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, 2 microphone



WO 2012/021540 PCT/US2011/047125
16

that produces electrical signals representative of captured audio data to be encoded by
audio encoder 26. Alternatively, audio source 22 may comprise a storage medium
storing previously recorded audio data, an audic data gencrator such as a computerized
synthesizer, or any other source of audio data. Video source 24 may comprise a videe
camera that produces video data to be encoded by video encoder 28, a storage medium
encoded with previously recorded video data, a video data generation unit such 4s a
computer graphics source, or any other source of video data. Content preparation
device 20 s not necessarily communicatively coupled to server device 60 in all
examples, but may store multimedia content o a separate medium that is read by server
device 60.

[0065] 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 seurce 22 may obtain audio data from a speaking participant while the speaking
participant is speaking, and video source 24 may simultanecusiy obtain video data of
the speaking participant. in other examples, audio source 22 may comprise 2 computer-
readable storage medium comprising stored andio data, and video source 24 may
comprise a computer-readable storage medium comprising stored video data, In this
manner, the techniques deseribed in this disclosure may be applied 1o live, streaming,
real-time audio and video data or to archived, pre-recorded andio aud video data.
{0066} Audio frames that correspond to video frames are generally audio frames
containing audio data that was captured by audie 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 andio data by speaking, audic
source 22 captores the audio data, and video source 24 captures video data of the
speaking participant at the same time, that is, while audio source 22 is captoring the
audio data. Hence, an audio frame may temporally correspond 1o one or more particular
video frames. Accordingly, an audio frame corresponding to a video frame generally
corresponds to a situation in which audie 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 and the video data that was captured at the same time.

{0067} In some examples, audio encoder 26 may encode & tmestamyp in sach encoded
audio frame that represents a time at which the andio data for the encoded andio frame
was recorded, and similarly, video cncoder 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 a video frame may
comprise an andio frame comprising a timestamp and a video frame comprising the
same timestamp. Content preparation device 20 may include an intemnal ciock from
which audio enceder 26 and/or video encoder 28 may generate the timestamps, or that
andio source 22 and video soarce 24 may use to associate audio and video data,
respectively, with a timestamy.

FD68] In some examples, audio source 22 may send daia to audic 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 time 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 audic data but
without necessarily indicating an absolute fime at which the audio data was recorded,
and similarly, video encoder 28 may also use sequence identifiers lo indicate a relative
temmporal ordering of encoded video data. Similarly, in some examples, a sequence
identifier may be mapped or otherwise correlated with a timestamp.,

58651 Audic encoder 26 generally produces a stream of encoded andio data, while
video enceder 28 produces a siream of encoded video data, Each individua! stream of
data (whether audio or video) may be referred to as an elementary stream. An
elementary stream is a single, digitally coded {possibly conpressed) component of 2
representation. For example, the coded video or audio part of the represeniation can be
an elementary siream. An clementary siream may be converted inio & packetized
clementary stream (PES) before being encapsulated 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 en elementary stream
is a packetized clementary stream (PES) packei. Thus, coded video data generally
corresponds fo elementary videe streams. Stmilarly, audic data corresponds to one or
more fespective elementary sireams,

{80761 As with many video coding standards, H.264/AVC defines the syntax,
semantics, and decoding process tor ervor-free bitsireams, any of which conform 1o a
certain profile or level, H.264/AVC does not specify the encoder, but the encoder is
tasked with guaraniceing that the generated biistreams are standard-compliant for a
decoder. In the context of video coding standard, a “profile” 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 ontive bitstream syntax that is
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specified by the H.264 standard. A “level” corresponds to the lmitations of the decoder
resouree consumption, such as, for example, decoder memory and computation, 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 level
may be signaled with a level_ide (level indicator) value.

(4071} 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 upou the values taken by syntax
clements in the bitstream such as the specified size of the decoded pictures. The H.264
standerd further recognizes that, in many applications, it i§ neither practical nor
economical to implement & decoder capable of dealing with all hypothetical uses of the
syntax within a particular profile. Accordingly, the H.264 standard defines a “level™ as
a specified set of constraints imposed on values of the syntax elements in the bitsirean.
These constraints may be simple limits on valoes, Altecnatively, these constraints may
take the form of constraints on arithmetic combinations of values {e.g., picture width
muttiplied by picture height multiphied by number of pictures decoded per second). The
FL.264 standard further provides that individuai implementations may support a different
tevel for each supported profile,

{8872} A decoder conforming to a profile ordinarily supports 2ll the features defined in
the profile. For example, a8 a coding feature, B-picture coding is not supported in the
baseline profile of H264/AVC but is supported in other profiles of H.264/AVC. A
decoder conforming to a level should be capable of decoding any bitstream that does not
require resources beyond the Himitations defined in the level. Defimitions of profiles and
levels may be helpful for interpretability. For example, during video transmission, a
pair of profile and level definitions may be negotiaied and agreed for 2 whole
trausmission session. More specifically, in H.264/AVC, a level may defins, for
example, hmitations on the number of macroblocks that need to be precessed, decoded
picture buffer {DPB) size, coded picture buffer (CPB) size, vertical motion vector range,
maxinwm number of motion vectors per two conseeutive MBs, and whether a B-block
czan have sub-macroblock partitions less than 8x8 pixels. Tn this manmer, o decoder may
determine whether the decoder is capable of properly decoding the bitstream.

{8073] Video compression siandards such as ITU-T H.261, H.262, H.263, MPEG-1,
MPEG-2, H.204/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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tenporal redundancy. The encoder, such as video encoder 28, may use 2 motion
compensated prediction from some previously encoded pictures (also referred to herein
as frames) to predict the current coded pictures according to motion vectors. There are
three major pictare types in typical video coding. They ave Intra 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 pictore before the current picture in temporal order. In a B-picture, each block
of the B-picture may be predicted from one or two reference pictures, These reference
pictures could be located befove or afier the current pictare in temporal order,
F0074] Parameter sets generally contain sequence-layer header information in sequence
parameter sets (SPS) and the infrequently changing picture-layer header information in
picture parameter sets (PPS). With parameter sets, (his infrequently changing
information need not be repeated for cach sequence or picture; hence, coding efficiency
may be improved. Forthermote, the use of parametsr sots may enable out-of-band
ransmission of header information, avoiding the need for redundant transmissions to
achieve error resifience. In out-of-band transmission, parameter set NAT gnits are
transmitted on a different channel than the other NAL umits,
§8075] In the example of FI1G. 1, encapsulation unit 30 of content preparation device 20
receives elementary streams comprising coded video data from video encoder 28 and
clementary streams comprising coded audio data from audio encoder 26. Tn some
examples, video encoder 28 and sudio encoder 26 may each include packetizers for
forming PES packets from encoded data, T other exariples, video encoder 28 and
audio encoder 26 may each interface with respective packetizers for forming PES
packets from encoded data. In still other examples, encapsulation unit 30 may include
packetizers for forming PES packets from cocoded audio and videe data.
(6076} Video encoder 28 may encode video data of muliimedia content in a variety of
ways, {0 produce different representations of the multimedia content at various bitrates
and with various characteristics, such as pixel resolutions, frame rates, conformance to
various coding standards, conformance to various profiles and/or levels of profiles for
vartous coding standards, representations having one or multiple views (e.g., for two-
dimenstonal or threa-dimensional plavback), or other such characteristics. A
representation, as used in this disclosure, may comprise a combination of audio data and
video data, e.g., one o¥ more audio clementary stream and one or more video elementary

streams, Each PES packet may include a stream_id that identifies the elementary
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stream to which the PES packet belongs. Encapsulation unit 30 is vesponsible for
assembling elementary sireams info video files of various representations.

{88771 Encapsulation unit 30 reccives PES packets for elementary streams of a
represemtation from audio encoder 26 and video 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 into NAL
unifs, which provide a “network-friendly” video representation addressing applications
such as video telephony, storage, broadcast, or streaming. NAL units can be
categorized to Video Coding Layer (VCLY NAL wmts and non-VOL NAL wmits. VOL
units may contain the core compression engine and may include block, macroblock,
andior slice level data, Other NAL unifs may be non-VCL NAL units. Insome
examples, a coded picture in one time nstance, normally presented a8 a primary coded
picture, may be contained in an access unit, which may inchude one or more NAL umils.
[#078] MNon-VCL NAL units may include parameter set NAL units and SEI NAL units,
among ofhers. Parametor sots may contain sequence-lovel hesder information {in
sequence parameter sets (SPS)) and the infrequently changing picture-fevel header
information {in picture parameter sets (PPS)). With parameter sets {e.g., PPS and SPS),
infrequently changing information need not to 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 redendant transmissions for error resilience. In out-of-band transmission examples,
parameter set NAL units may be transmitted on a different channel than other NAL
units, sech as SEI NAL anits,

180791 Supplemental Enhancement Information (SEI} may contain information that is
not necessary for decoding the eoded pictures samples from VCL NAL units, but may
assist in processes related o decoding, display, orror resilience, and other purposes, SEl
messages may be contained in non-VCL NAL units. SEI messages are the normative
part of some standard specifications, and thus are not always mandatory for standard
compliant decoder implementation. SEf messages may be sequence level SEI messages
or picture level SEI messages. Some sequence Jevel information may be contained in
SEI messages, such as scalability information SEI messages in the examype of SVC and
view scalability information SEI messages in MVC. These example SEI messages inay
convey information on, e.g., extraction of operation points and characteristics of the

operation points. Tn addition, encapsulation unit 30 may form a manifest file, such as a
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media presentation deseriptor (MPD) that describes characteristics of the
representations. Encapsulation unit 30 may format the MPD according to extensible
markuyp language (XML

[808G] Encapsulation unit 30 may previde data for one or more representations of
multimedia content, along with the manifest file {c.g., the MPD) to output interface 32.
Output interface 32 may comprise a network interface or an interface for writing to a
storage medium, such as a vniversal serial bus (USB) interface, a CD or DVD writer or
burner, an interface to magnetic or flash storage media, or other nterfaces for storing ot
transnitting media data. Encapsulation unit 30 may provide data of each of the
representations of multimedia content 16 output interface 32, which may send the data to
server device 60 via network transmission or storage media. In the examplie of FIG. 1,
server device 60 includes storage medivm 62 that stores various nulimedia contents
64, each including a respective manifest file 66 and one or more representations 634~
68N {represeniations 68). In accordance with the techniques of this diselosure, portions
of manifest file 66 may be stored in separate locations, e.g., locations of storage medium
62 or another storage mediom, potentially of another device of network 74 such as a
proxy device.

10081} In some examples, represeuatations 68 may be separated into representation
groups, That s, various subsets of representations 68 may include respective common
sets of characteristics, such as codec, profile and level, resolution, number of views, file
format for segments, text type information that may identity a language or other
characteristics of text to be displayed with the representation and/or audio dasa to be
decoded and presented, ¢.g., by speakers, camera angle information that muay describe a
camera angle or real-world camera perspective of a scene for representations in the
represeniation group, rating information that describes content suitability for particular
audiences, or the like.

i0082] Manifest file 66 may nclude data indicative of the subscts 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
individoal characteristics, such as bitrates, for individual representations of
representation groups. In this manner, a representation group may provide for
simplified network bandwidth adaptation. Representations in a representation group
may be indicated using child elements of a representation group element of manifest file
66.
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{6083} Manifest file 66 may also {that is, additionally or alternatively) signal frick mode
information for cne or more of represeniations 68. In some examples, one or more of
rgpresentations 68 may inclede a respective temporal sub-sequence for trick mode
support. A trick mode generally corresponds o a playback mode for a representation in
which data of the representation is not played from start to finish, but instead, may
begin at a specified terporal 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 direction
(e.g., fast forward or rowind).

18084] To provide for trick modes, multimedia content 64 may include information
representative of locations of data for temposal sub-sequences of corresponding
representations 68, 1o soroe examples, manifest file 66 may include information
representative of locutions 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.

{3085} In some examples, content preparation device 20 may prepare media content as
the media content is being recorded, o.g., for Hive services, Encapsulation unit 30 may
in some cases need to periodically update 2 manifest file for the media content.
Encapsulation unit 30 may even update the manifest file within a particular period of the
media contend. In accordance with the technigues of this disclosure, encapsulation unit
30 may form segments of a representation thai include data indicating that the manifest
file is to be updated. Bncapsulation anit 30 may provide the updates in the segments
themmselves or in a separate location from which client devices, such as client device 40
may retrieve the updates to the manifost file. o this manner, when manifest file 46
needs to be updated within g particuiar period of multimedia content 64, encapsulation
unit 30 may form a segment of one or more of representations 68 indicating that
manifest file 66 is to be updated,

{0086} In some examples, manifest file 66 may include dsta 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 preparc ong of more separate advertisement media conients 1o be incorporated info
multimedia content 64 during playback. Client device 40 may in some examples

provide aser specific information such that advertisements can be targeted to a user of
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client device 40, sach that a user of ¢lient device 40 receives advertisements that are
muost preferable and mformative to the user. In response to a set of nser information,
server device 60 may provide a targeted advertisement portion of the manifest file to
client device 40, which may cause client device 40 1o retrieve data of targeted
adverlisement nultimedia content. Tn this manmer, two or more viewers of the same
multimedia content 64 may receive different targeted advertisements, such that the
adveriisements are most relevant and useful for the users.

{68871 Server device 60 includes request processing vait 70 and network interface 72.
In some examples, server device 60 may include a plurality of network interfaces.
Fuorthermore, 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, proxv devices, switches,
or other devices. Tn some examples, intermediate devices of a content defivery 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 configurad
10 send and reesive data via network 74

{8088} Request processing unit 70 is configured to receive network requests from chent
devices, such as client device 40, for data of storage medium 72. For example, requesi
processing unit 70 may implement hypertext transfer protocol (HTTP) version 1.1, as
described in RFC 2616, “Hypertext Transfer Protocol — HTTP/1.1,” by R. Fielding et a),
Network Working Group, HETF, June 1998, That is, request processing unit 70 may be
contigored to receive HTTP GET or partial GET requests and provide data of
multimedia content 64 in response to the requests. The requests may specify a seginent
of one of representations 68, e.g., using a URL of the segment. In some examples, the
requests may akso specify one or more byte ranges of the segment, thus comprising
partial GET requests. Request processing unit 70 may further be configured to service
HYTP HEAD requesis te provide header data of a segment of one of representations 68.
n any case, request processing umit 70 may be configured to process the requests to
provide requested data to 2 requesting device, such as client device 40.

1808 As illustrated in the example of FIG 1, multimedia content 64 includes manifest
file 66, which may correspond to # mediz presentation description (MPD). Manifest file
66 may contain deseriptions of different aliernative representations 68 (e.g., video
services with different qualities) and the description may include, .., codec

information, a profile value, a level valuc, 2 bitrate, and other descriptive characteristics
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of representations 68, Chient device 40 may retrieve the MPD of a media presentation
te determine how 1o aceess segments of representations 68.

{00981 In particular, web application 52 may retrieve configuration data {not shown) of
client device 40 to deterniine deceding capabilitics of video decoder 48 and rendering
capebilitics of video output 44, The configuration data may also include any or all ofa
tanguage preference selected by a vser of client device 4{}, one or mors camera
perspectives corresponding to depth preferences set by the user of client device 40,
andfor & rating preforence selected by the user of client device 40. Web application 52
may comprise, for example, 2 web browser or a media client configured to submit
HTTP GET and partial GET requests. Web application 52 may correspond to software
mstructions cxecuied by one of more processors or processing units {not showa) of
clhient device 40. In some examples, all or portions of the functionality described with
respect to web application 32 way be implemented in hardware, or a combination of
hardware, software, and/or firmware, where requisite hardware may be provided o
executs instractions for software or fingware,

(88911 Web application 32 may compare the decoding and rendering capabilities of
ciient device 40 to characteristics of representations 68 indicated by information of
manifest file 66. Web application 52 may initially retrieve at Jeast a portion of manifest
file 66 to determine characteristics of representations 68, For example, web application
52 may request 4 portion of manifesi 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 {c.g., a representation group)
having charactetistics 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 representation group, determine a currently available amount of network bandwidth,
and retricve segments from one of the representations having a bitrate that can be
satisfied by the network bandwidth,

00927 In generai, higher bitrate representations may vield higher quality video
playback, while lower bitrate representations may provide sufficient quality video
playback when available network bandwidth decreases. Accordingly, when available
network bandwidth is relatively high, web application 52 may retrieve data from
relatively high bifraie representations, whereas when avaiiable network handwidth is

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

[6093] 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 vser information to
server device 60. Web application 52 may then receive a manifost file associated with
targeted advertisement media content, o use to insert data from the targeted
advertisement media content Into media data of requested media content during
playback.

[8004] At times, a user of clicot device 40 may interact with web browser 52 using user
interfaces 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 & trick mode. For example, the user may select a particular temporal location
from which to begin playback, or to skip or seck to a particular temporal location. As
angther example, the user may elect to fast forward or rewind the representation.

[80935] 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 retrieving all data of segments of a representation, web
application 52 may determine locations of data of the representation corresponding to a
temporal sub-sequence of the represcntation. The data of the temporal sub-sequence
may correspond, for example, to a set of instantaneous decoder refresh (IDR) pictres of
the representation.

[8896] Therc may be an approximatce temporal duration between IDR pictwes of a
representation, €.g., 2 seconds, 11 seconds, or other approximate temporal durations.
Moreover, TDR pictures may be encoded in an intra-prediction mode, and thus, web
application 52 need not refrieve data other than the IDR pictares. Web application 52
may cause the IR pictures to be displaved at the same frame rate at which video data
of the representation would otherwise be displayed. However, because many frames of
data between IDR pictares may be skipped, the resulting video data may be played back
at an increased frame rate. thus achieving the desired trick mode.

68971 Web application 32 may determine focations of the data for the temporal sub-

scquence vsing varlous techniques. In some examples, web application 52 may analyze
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data of manifest file 66 to determine locations of the DR pictures, The locations of the
IDR pictures may be indicated using byte ranges within segmenis of a particular
epresentation. In other examples, 2 particular box of segments of representations, such
as a sub-fragment index box (also referred 1o 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 pictures
within 2 corresponding segment. In stiil other examples, both manifest file 66 and
representations 68 may include information used by web application 32 to retrieve data
for a temporal sub-sequence, In any case, web application 52 may determine the byie
ranges of the IDR pictures in the segments to construct partial GET rvequests for the IDR
pictures, to avoid retrieving data that would not be used for decoding or display.
18098] In some examples, encapsulation unit 30 may form segments such that TDR
pictures are contiguous within the segments. That is, encapsuletion unit 30 may ensure
that bytes of segmenis comresponding to IDR pictures are contignous, without
intervening bytes for vther types of pictures. In this manner, web application 52 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 may also be used for performing trick medes.
[958} Ini some examples, web application 52 may determine that a portion ofa
received segment indicates that a manifest file is to be updated. Web application 52
may be configured to analyze a particular portion of each segment, such as a header
portion or other initial portion of the segment, to determine whether the scgment
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 refricving data to update the
manifest file from a remote tocation, e.g., from server 60, After updating the manifest
file, web application 52 may submil fuwre requests for data of representations 68 based
on data of the apdated manifest file,
{8188} As an exaraple, 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 Hve, rather than pre-recorded. I such cases, segments
corresponding to media data up to a particular time may be assigned identifiers, such as
URLs, included in an initial manifest file. However, after a period of time has clapsed,

segments following the particular time may be encoded and assigned identifiers such as
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URLs. Encapsulation umt 30 of content preparation device 20 may provide the URLs
for the segments following the particolar time to an updaied manifest file. Accordingly,
to determine how to retrieve the segments following the particular time, ctient device 40
may receive information indicative of the updated manifest file, in order to construct
requests fo retrieve the segments following the particular time.

{0181} In some examples, a segment may indicate whether it is the last segment of a

'

representation. When a segment is the fast segment of a representation, a new manifest
file may need to be reirieved to determine representations of a subseguent period of
corresponding multimedia content, Accordingly, when web application 52 detenmines
that a segment is the Iast segment of a representation in a period of the multimedia
conteni, web application 52 may retrieve an updated manifest file for the multimedia
content, e.g., an updated version of manifest file 66 of multimedia content 64

i#182] In some examples, client device 40 may maintain a data strocture indieative of
particular representations 68 from which client device 40 requested data for multimedia
conient 64, Client device 4 may alse maintain indications of exactly what was plaved
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 time. The
data siructure may finther provide information representative of an initlal startup fime
andd the start of playback. After finishing playback of multimedia content 64, clent
device 40 may send the data structare to server device 60 and/or content preparation
device 20. Server device 60 andfor content preparation deviee 20 may use informaticn
secetved from client device 40 to determine more optimal ways of improving quality of
experience, such as o reduce pauses in playback.

[8163] Network nterface 54 may receive and provide data of segments of & selected
represcntation to web application 52, which may in tarn provide the segments to
decapsulation unit 30. Decapsulation unit 30 may decapsuiate clements of a video file
ntg constituent PES streams, depacketize the PES streams 1o retrieve encodad data, and
send the encoded data io cither audio decoder 46 or video decoder 48, depending on
whethert the encoded data is part of an audic or video stream, ¢.g., as indicated by PES
packet headers of the stream. Audio decoder 46 decodes encoded audio data and sends
the decoded audio data o audio outpot 42 while video decoder 48 decodes encoded
video data and sends the decoded video data, which may include a plurality of views of

a sirean:, fo video output 44,
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[6184] Video enceder 28, video decoder 48, andio encoder 26, audio decoder 46,
encapsulation unil 30, web appiication 52, and decapsulation unit 50 each may be
implemented as any of a varicty of suiteble processing circuiiry, as applicable, such as
one or more micreprocessers, digital signal processors (DSPs), application specific
integrated circaits {(ASICs), ficid programmable gate arrays (FPGAs), diserete logic
circuitry. software, hardware, firmware or any combinations thereaf. Each of video
encoder 28 and video decoder 48 may be included in one or more encoders or decoders,
cither of which may be integrated as part of a combined video encoder/decoder
{CODEC). Likewise, each of andio encoder 26 and audio decoder 46 may be included
in one or more encoders or decoders, either of which may be integraied as part of a
cornbined CODEC, Anapparatus including video encoder 28, video decoder 48, audio
encoder audio encoder 26, audio decoder 46, encapsulation unit 30, web application 32,
and/or decapselation unit 30 may comprise an integrated circuit, a microprocessor,
and/or a wireless communication device, such as a cellular welephone.

{1165} FIG. 215 2 couceptual diagram iflustrating clements of an example nultimedi
content 100, Muitimedia content 100 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 deseription (MPD) 102 and a
plurality of representations 110-12(. 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 cach of representations 119, 120 as a matter
of convenience. In some examples, there may be different sumbers of movie fragments
between representations 110, 120.

(8186} MPD 102 may comprise a daia structure separate from representations 110-120.
MPD 102 may correspond to manifest file 66 of FIG 1. Likewise, representations 110—
120 may correspond to representations 68 of FIG. 1. o general, MPD 102 may include
data that generally describes characteristics of representations 110~120, such as coding
and rendering characteristics, reprosentation groups, a profile to which MPED 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 retrieving remote periods (e.g., for targsted
advertisement insertion into media 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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iflustrate various examples of multimedia content with various elements included n
sither 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 substanitally 1o MPD 102 of FIG. 2.

{9107 Header data 112, when present, may describe characteristics of segments 114,
e.g., temporal locations of random: aceess points, which of segments 114 inchudes
random access points, byte offsets to random aceess points within segments 114,
uniform resource locators (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 inchided within MPD
102.

[3168] Segments [ 14 include one or more coded video samples, cach of which may
include frames or slices of video data. Each of the coded video samples of segments
114 may have similar characteristics, ¢.2., height, width, and bandwidth requirements.,
Sach characteristics may be described by data of MPD 102, though such dafa is vot
itlustrated in the example of FIG 2. MPD 102 may include characteristics as described
by the 3GPP Specification, with the addition of any or all of the signaled information
described in this disclosure.

{3189} Each of segments 114, 124 may be associaled with a anique uniform resource
idenitfier {URT), e.g., a uniform resource iocator (URL). Thus, each of segments 114,
124 may be independently retrievable using a streaming network protocol, such as
DBASH. In this manner, a destination device, such as cliont device 40, may use an HTTP
(et request 1o retrieve segments 114 or 124, In some examples, client device 40 may
use HTTP partial Get requests to retrieve specific byvie ranges of segments 114 or 124,
i8118] As noted above, MPD 102 may conform to a particular MPD profiie. MPD 102
may include information indicative of a Multipurpose Internet Mail Extension (MIME)
type for MPD 102 and/or muitimedia content 100, MIME types generally do not
indicate what codec is needed to present multimedia content, however. In general, it is
assumed that if a device can retrieve an MPD for smulthnedia conient, such as MPD 102,
that the deviee can playback data of the maltimedia 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 profiie to which MPD 102 corresponds.
(6111} There nray be a relatively small nomber of profiles to which MPDs may

correspond. Profiles may be supported by levels to address capabilities, similar to the
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manner i which H.264/AVC inchades profiles and levels for video coding. MPD
profiles may be onion-shelled, in that a higher profile may include all featares of al]
tower profiles. There may be a regisiration process with a registration authority (o
register vartous profiles. In some examples, a client device, such as client device 40,
may be configured to retieve 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.
16112} A profile identifier may be provided in plain wext (e.g., 25 8 plain name), or a
reversed domain name. Plain names may be reserved by a registration antherity, such as
3IGPP or another registration authority, A profile may be considered a claim and a
permission, in that the profile may claim that a corresponding multimedia content
conforms to the profile and gives permission to a reader (e.g., a clisnt device) (hat
implements that profile to read the MPD, interpret what it recognizes, and ignore
material that it does not undersrand.
{0313} 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
nantifative measures such as bitrates, screen sizes, and the ke, Io this manner, the
profile of MPE 102 may provide information indicative of what codecs need to be
supporied in order to retrieve data of MPD 102 and/or multimedia content 100. Profiles
may also be described as “conformance points.” Profiles with which an MPD complies
may be indicated in a “Profiles™ atitibute of the MPD, Thus, a client device may be
configured to retrieve a portion of MPD 102 including information relating to the
“Prefiles™ attribute before retrieving additional data of MPD [02. Aliernatively, profiles
may be indicated 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.mpd;profiles="X,¥, 2.7
{#114] In some examples, MPD 102 may refer io data of external periods {also referred
to as remote periods). A period generally corresponds to @ particular temporai section of
multimedia 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 pericd may include
multimedia data in addition to muliimedia data of the multimedia content, For example,

extemnal periods may include advertisement data.
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(8118} Periods may be defined by their duration, that is, the start tfime of the Period may
depend on the duration of the previous Period. A client device may map external
periods to an MPD siructure. For live 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 procadures. Other web technologies may also be used. URLs
for externally defined periods may be processed in real-time to generate a new period
containing advettisements tazgeted to a user of client 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 demographic informaticn,
ot other information.

G116} Table 1 below illustrates an example sef of information that may be provided in
MPD 102 to describe one or more Periods of nultimedia content, and to indicate the
presence of external periods:

TABLE I —MPD Period Information

Feriod E PN M Provides the infovroation of & Period
PeriodAtribules List o) already existing period atitibutes
perindDuration A Q Provides the period dumtion, may be used 58

aernative fo star avibute of nest Period,

rapresemtationroupl il A O UIRJ that points 1o & decument that contains = list

of Representations,

RepresemationCiroups E [N This element contains 2 descripiion of o

Representation {ioup

pericdListURI A M URI thei points 1o & document ket containg one

cr saveral Period clements,

18117} In this wmanner, the Period element of MPD 102 may refer o external (or remote)
periods, e.g., using periodListURL. For On-Demand content, indications of period
durations may be more useful for cHent deviees, such as client deviee 44, than start
imes 1o support external periods. An MPD may include a sequence of Periods, where
Periods can be internal of external. Using such remote Periods, along with user-specific
information, may allow for targeted user advertising. Server device 60 andior content
preparation device 20 may be configured to dynamically generate separate MPDs for
each user, or for each client device. Chient device 40, or another device, may
concatenate the playout of a targeted advertisement and a live service, e.g., using the
dynanzically-created MPD,

{8118} In this manner, the techmsques of this disclosure may suppoert situations in which

a service provider offers On-Demand content through 3GPP AHS. The content may
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mchude several scenes, and between cach scene, an advertisement may be added. The
advertisement may differ for each user. That Is, targeted advertising may be added. In
addition, cach advertisement may be of a different duration, Likewise, 2 service
provider may offer a particular live service (6.g., a free service). When accessing the
five service, the service provider may add an advertisement that may or may not be
targeted {o a user. The duration of the advertisement may differ, depending on aceess
time, the access location, the uscr, and the Hice. Server device 60 may be configured to
only provide the URL of the live service after the advertisement hus been compicted, to
ensure that the advertisement is seen,

{8119} FIG 3 is a block diagram tllusirating elements of an example video file 150,
which may correspond fo a segmeot 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 18O basc media file format
and extensions thereof store data in a series of objects, referred to as “hoxes.” In the
example of FIG, 3, video file 150 includes file type (FTYP) box 152, movie (MOOV)
box 134, movie fragment (MOOF) boxes 162, and movie fragment random access
{MFRA) box 104,

[¢128] File type (FTYP) box 152 generally describes a file type for video file 150, File
type box 152 may include data that identifics a specification that describes a best use for
video file 150, File type box 152 may be placed before MOOV hox 134, 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 (net 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 to update the
MPD. As another example, the MPD opdate box may include data for updating the
MPD. In some examples, the MPD update box may immediately follow 4 segment type
{STYT) bex {not shown) of video file 150, where the STYP box may define a segment
type for video file 1530, FIG 7, discussed in greater detail below, provides additional

information with respect to the MPD update box.
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{81221 MOOV box 154, in the examaple of FIG. 3, includes movie header (MVHD) box
156, track {TRAK) box 158, and one or more movie extends (MVEX) boxes 16t In
general, MYHD box 156 may describe general characterisiics of video file 150. For
example, MVHD box 156 may include data that deseribes when video file 150 was
originally created, when video file 150 wag last modified, a timescale for video file 150,
a duration of playback for video file 150, or cther data that generally describes videc
file 150,

{41231 TRAK box 158 may include data for a track of video fite 150. TRAK box 158
may melude a track header {TKHD} box that describes characteristics of the track
corresponding fo TRAK box 155, In some examples, TRAK box 158 may inchude
coded video pictures, while in other examples, the coded video pictures of the track may
be included in movie fragments 162, which niay be referenced by data of TRAK box
158,

{824} In some examples, video file 150 may include mote than one track.
Accordingly, MOOV box 154 may include 8 number of TRAK boxes equal to the
number of tracks in video file 1530. TRAK box 158 may describe characteristics of a
corresponding track of video file [5G, For example, TRAK box 158 may describe
temporal and/or spatia! information for the camresponding frack. A TRAK box sumilar to
TRAK box 138 of MOOV box 154 may deseribe characteristics of a parameter set
track, when encapsuolation unit 30 {(FI1G 1) includes a parameter set track in a video file,
such as video file 150. Encapsulation unit 30 may signal the presence of sequence lovel
SEI messages in the parameter set track within the TRAK box describing the parameter
set track.

[8125] MVEX boxes 160 may describe characteristics of corresponding movie
fragments 162, ¢.g.. to signal that video file 150 includes movie fragments 162, in
addition o video data included within MOOV box 154, if any. In the context of
streaming video data, coded video pictures may be tnchided in movie fragments 162
rather than in MOOV box 134, Accordingly, all coded video samples may be included
in movic fragments 162, rather than in MOOV box 1534,

[8126] MOOV box 154 may include a number of MVEX boxes 160 equal t0 the
mamber of movie fragments 162 in video file 150, Each of MVEX boxes 160 may
describe characteristics of a coirespending one of movie fragments 162, For example,
each MVEX box may include a movie extends header box {(MEHD) box that describes a

temporal doration for the corresponding one of movie fragments 162,
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183127} As noted above, encapsolation unit 30 may store a sequence data set in a video
sample that does not include actaal coded video data. A video sample may generally
correspond 10 an access unit, which is a representation of a coded picture at a specific
time instance. In the context of AVC, the coded picture fnclude one or more VCL NAL
unifs which contains the information 10 construct all the pixels of the access wnit and
other associated non-VCL NAL units, such as SEI messages. Accordingly,
encapsulation unit 30 may include a sequence dafa set, which may include sequence
level SEI messages, in onc of movie fragments 162, Encapsulation unit 30 may farther
signai the presence of a sequence data set and/or sequence level SEI messages as being
present in one of movie fragments 162 within the one of MVEX boxes 160
curresponding to the one of movie fragrents 162,

[3128] Movie fragments {62 may include one or more coded video pictures. Tn sume
examples, movie fragments 162 may include one or more groups of pletwres (GOPs),
cach of which may include a number of coded video pictures, ¢.g., frames or pictures.
in addition, as described above, movie fragments 162 may include sequence data sets in
some examples. Each of movie fragments 162 may include a mevie fragment header
box (MFHD, not shown in FIG 3}, The MFHD box may describe characteristics of the
corresponding movie fragment, such as 2 sequence number for the movie fragment.
Mevie fragments 162 may be incladed in order of sequence nomber in video Hle 130,
81281 MFRA box 164 may describe random access points within movie fragments 162
of video file 154, This may assist with performing trick modes, such as performing
secks to particular temporal focations within video file 150, MFRA box 164 is
generally optional and need not be included in video files, in some examples. Likewise,
a client device, sach 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 aceess (TFRA) boxes (not shown)
equal to the number of tracks of video file 150, or in some examples, equat to the
number of media tracks {¢.g., non-hint tracks) of video file 150.

[4138] In some cxamples, movie fragments 162 may include one or more IDR and/er
ODR pictores. Likewise, MFRA box 164 may provide indications of locations within
video file 150 of the IDR and ODR pictures. Accerdingly, 2 temporal sub-sequence of
video file 150 may be formed from IDR and ODR pictures of video file 150, The
temporal sub-seguence may alse include other pictures, such as P-frames and/or B-

frames that depend from IDR 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 hisrarchical arrangement of data, data used
for prediction for other date may alse be included in the temporal sub-sequence.
Moreover, the data may be arranged in 3 continuous sub-sequence, such that 2 single
byte tange may be specified in a partial GET request to retrieve all data of 1 particular
segment used for the temporal sub-sequence. A client device, such as client device 40,
may exiract 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/ar
CDR pictures. As discussed in greater detail below, video files such as video file 150
may include a sub-fragment index box and/or a sub-track fragment box, either or both of
which may inchade data for extracting a temporal sub-sequence of video file 130,

(51311 FIG 4 is 2 conceptual diagram illustrating an example multimedia content 200
inclnding MPD 202 and representation groups 210-220. Multimedia content Z30 may
correspond 10 multimedia content 64 (FIG 1}, or another multimedia content stored in
memory 62. In this example, representations of moltimedia content 200 are arranged by
representation group. That s, representations with a common set of charactaristics may
be formed into a representation group, which provides for simplified network bandwidth
adaptation.

[#132] Inn this example, MPD 202 inclades common representation characteristics 204A
that inclodes informstion describing commeon characteristics of representation group
210 and common reprosentation characieristics 2048 describing common characteristics
of representation group 220, The common characteristios may inclade coding and/or
rendering charactetistics of the representations, such as a codee, profile and level of the
codec to which the representations in the representation conforny, pixcl resolution, frame
raie, or other characteristics of representations.

(41331 In accordance with the technigues of this disclosure, the characteristics may
include a text type value, a camera angle valoe, and/or a rating value in addition to the
characteristics discussed above. The fext type value may describe characteristics of text
to be displaved with the video data (e.g., closed captioning text). The text type value
may describe, for example, a langoage of the text, a location on the sereen at which to
display the text, font and/or size of the text, or other characteristics of the text.

[8134] The camera angte value muay describe a real-world horizontal camera position

for a carnera used (either physically or conecptually) 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 sobsiantially simultanecusly, e.g., to
produce a three-dimensional video playback effect. The horizontal real-world camera
tocations may evable the client device to select representations to increase or decrease
the relative amount of depth in the three-dimensional playback of the video data.
6135} The rating may describe content suitability for particular andiences. For
exanmple. in the United Siates, the Motion Dicture Association of America defines
ratings including G, PG, PG-13, R, and NC-17. As another exaple, in the United
mgdom, the British Board of Film Classification defines ratings including U, PG, 124,
12,15, 18, and R18. Ags yet another example, in the Republic of China (Taiwan),
categories of motion pictures include a general audiences category, a protected category,
a parental guidance category, and a restricted category.
{136} By providing common characteristics 204 of respective represemation groaps,
o.g., representation groups 210-220, a client device (e.g., client device 40) may selent
ant appropriaie one of representation groups 210-220, based af [east in part on the
corresponding common representation characteristics 204, In the example of FIG. 4,
MPD 202 also incledes individoal representation characteristics 2064, 2068, 2084, and
2088, corresponding respectively to representations 2124, 2128, 2224, 2228,
Individual representation characteristics 2004, 2068, 2084, and 2088 may include
mformation representative of characteristics of representations 212A, 212B, 2224,
2228 not indicaied by common representation characteristics 204, For example,
individual representation characteristics 2064, 2068, 2084, and 2088 may include
information representative of bitrates for respective ones of representations 2124, 2128,
222A, 222B.
{81371 Representations of a reprosentation group may be considered murtually
exclusive, in that they may represent the same confent (same video, same language
audio, ete.) with different encoding or other parameters, MPD 202 may provide
information for selecting one of representaiion groups 210220, ¢.g., common
representation characteristics 204, This information may include infornation indicative
of whether a client can decode and render a given representation. In this manmer, the
client device may remove from congideration representations that the client device is
incapable of decoding andfor 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 om, ¢.g., network bandwidth availability,
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[8138] Client 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 representation groups that can be
played concurrently. When client device 44 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, client device 40 may
retricve data from twe or more representations.

(8139} After selecting one or more representation groups, clisnt device 40 may selec
representations from the representation groups based on, e.g., available network
bandwidth, As available network bandwidth changes {(¢.g., increases or decreases),
client device 40 may adjust selections of representations from the representation groups
1o adapt {0 the changing network bandwidth conditions. Of course, client device 40
may also change representation scicctions if user preferences or deviee capabilities (z.g.,
decnding and rendering capabilitics) change.

[6148] Common representation characteristics 204 may correspond to
RepreserdationGroup XML elements of MPD 202, in some examples. Individual
representation characteristics may correspound to sub-clemenis of corresponding
RepresentationCGroup elements of MPD 202, in some examples.

{4141} By grouping common characteristics of representaiions together, various
optimizations may be achieved. For example, many representations may have the same
values for various parameters. Thus, individuaily signaling characteristics in the MPD
may result in substantial duplication in the MPD to signal charecteristics mdividualiy.
Many client devices are configured to discard the vast majority of the MPD thal is
reccived. There could therefore be optimization in the portion of the MPD that the
client device recetves. Moreover, if 2 Representation Group is discarded, the client
device may have no need to access information currently present in the MPD (iR Ls,
efc.) for the discarded representation or represeniation group. The client device may
also aveid vnmecessary updates of URLs, which tend to be updated frequently during,
e.4., real-time network streaming of video data for live events. Even if redundancies in
the MPD were eliminated, client device 40 would still need to parse the full MPD after
receipt and reconstruction, which may waste a significant amount of computing time.
8142} FIG. 5 15 2 conceptual diagram ilustrating another example multimedia content

250, in which MPD data iz separated into various portions for various representation



WO 2012/021540 PCT/US2011/047125
38

groups. Multimedia content 250 may correspond 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
related to representation groups. In this example, MPD portion 252 includes
representation group data 254A and 2548 {representation group data 254), which
corresponds o respective representation groups 270-280, as ihstrated by arrows
pointing from representation group data 234 (o respective representation groups 27—
280.
(8143} In this example, representation group data 254A inclades representation group
cominon characieristics 250A and location of MPD portion for the representation group
258A, That is, location of MPD portion for the representation group 258A indicates the
location of MPD portion for representation group 260A. Location of MPD porton 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 2548
inchudes representation group common characteristics 2568 and location of MPD
portion for the representation group 23588, corresponding to MPD portion for
representation group 2608,
[8144] MPD portion for representation group 2604 includes information representative
of characteristics of specific representations 272A, 272B (representations 272) of
representation group 270. Similarly, MPD portion for representation group 2608
includes mformation representative of characteristics of specific representaiions 282A,
2828 (reprosentations 282) of representation group 280,
{0345} In this manner, a client device, such ag client device 40, may determine an
appropriate representation group from which to retrieve data, without receiving
epresenfation-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. fn particular, after selecting one or more
representation groups inchuding representations that can be decoded and rendered by
chient device 40, client device 40 may retrieve only the MPD portions for the sclected
Tepresentation groups, without retrieving MPD portions for representation groups that
could not be properly decoded and/or rendered by client device 40.
[8146] Data of multimedia content 250 may generally correspond substantially to
respective elements of multimedia content 200. However, multimedia content 250 may

simplify hierarchical download of MPD data for multimedia content 250 by client
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devices. For example, rather than retrieving a full manifest file, which may include
signaling data for all representations, a client device may simply defermine one or moie
representation groups, then 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 chent device {e.g., because the
clent 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
mitigate inetficiencies of unnecessary downloading and parsing,

{83147} Tuble 2 below provides an exarople element 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 {FI1G. 4) and/or
representation group common characteristics 256 may be formatted according to the

stracture of Table 2.

TABLE 2
RepeesentationGroup N LN | M | This element containg 2 deserigtion of'a
Representation Groap

RepresentationGroupAdtiri Listof Desenbes the defaults for this group.

Tlements may inchude profile infarmation.

and

Atiribuies

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

Representanan.

RepreseniationAdiribut Ligt of 0.1 | O | Deseribes the Represeniation attributes

Elemients that are specific for this Represeniation
and
Alteibntes
represeatatinulistURE A 0.N | O {UR? that points td a document that

contains a st of Represeniations,

8148} The XML below provides sxamples of Representation Group elements of an
MPD data structure:

<RepresentationGroup annotation="ex{)" annotation2="ex ">
<representationListURT="hitp Yerwrw.cxample.comvTepresentations 1 xmi/>

</RepresentationGroup>

<RepresentationGroup annotation="ex2” annotation2=""2x3">
<representationisfURI="http://www example.com/representations 2. xml/>

</RepresentationGronp>
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{81451 Table 3 below provides an example set of data that may be included for
representations.  This data may be provided for individual representations in some
examples, while in other examples, all or a poriion of the data may be provided for
representation groups, according to, e.g., Table 2 above,

TABLE 3

Fepresentation B LN M i This element contadns a description of

a Representation.

bandwidth A M | The minimum bandwidth of a
typothetical constan bitrate channel
in bits per second (bps) over which
the representaton can be delivered
such that a client, afier buffering for
exactly sinBufferTime cau be assured

of having encugh data for continuous

playout.

extiype A G dentifies the type of the text. Options
arg:
sub-iitle

ciosed-caplioning
<pther to be identifizd>
cameramgle A Q| provides the camera angle. Pare

aneetation, ¢.g. main, mid-tield,

plavers view

Rating E 0...N provides rating information

Schemelnformation E g1 | This elenent gives flie information
about the used raling scheme. The
efement can be extended to provide

mote schenwe specific information.

schemeldUri A O | Provides an absolute URL (o identify
the scheme, The definilion of this
element s specific to the scheme

ereployed for rating.

[4139] In some exampics, data for representation groups and Jdata for individual
representations within such groups way be presented within an MPD, such as MPD 202,
with a hierarchical relationship. That is, individual representations may be signaled as
child elements to a corresponding 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
tepreserdation groun common characteristics 236.
[81581] FIG 6 is & concepinal diagram ilipsirating anocther exampie mmltimedia content
300 that may be used to support trick mwodes. Muitimedia 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 infosmation 304, which may include
temporal sub-sequence information 306. Representation information 304 includes
characteristics of representation 310, in this example, Representation 310 incindes
segments 312A-312D (segments 312),  In this example, each of segments 312 includes
a respective sub-fragment tndex box 314 and random access point (RAPY data 316, In
other examples, some segments may includes no random aceess points, while somse
segments may include multiple random access points. Random access points may
inciede IDR or ODR pictures,
{(#152] Client device 40 may extract a temporal sub-sequence from representation 310,
For exampie, client device 40 may extract each of RAPs 316 to form a temporal sub-
sequence of representation 310. Alternatively, client device 40 may retvieve a subset of
RAPs 316, such as RAPs 316A and 316C, or 316A and 316D, By reirieving and
playing back only random access points 316 (or subsets thereof), client device 40 may
play representation 310 in a trick mode, ¢z, fast forward or rewind. Similarly, client
device 40 may skip or seek to a particular one of random aecess points 316 to begin
plavback from a requesied temporal position,
164153} Muitimedia content may include cither 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 defined by Tabic 4 bolow:

TABLE 4

TrickMaode B 3,1 O | Provides the imformaticn for trick mode. It

also ndicaies that the Representation ray be

used s a trick mode Representation,

<

alteruatePlayonlRate A Spevilies the wmaximum plavout wale ag o
multipie of the regular playont rate, which this
Represeuntation supporis with the same
decoder profile and level requirenients as the

ponea] playont rate.

TemporaiSubSeguence E§0...N}| O | Speeifies that this Representation containg a
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tomporal sub-sequence lat can be easily
accessed by byte ranges using the fuformation

of the Sub-Pragment Indox (‘sfix) Box.

irumeRate A M | Specifics the frame rate of the temporal sub-

sequence.

bandwidih A O | Specifies the minimuwm bandwidih of a
hypotheticat constant bitrate chianue! i bifs
per second {(hps) over which the temporal sab-
sequence can he delivered such that a client,
afler buffering for exactly minBuffer Thine can
be assured of liaving eoough data for

continuous plavout.

altermatePlayoutRate { A | Specifies the maximum plavowt rate as &
mttiple of the regular playout rate, which this
temporal sub-sequence supports with fhe same

decoder profile and level requirements as the

norral plavout rate,

{8154} In the example of Table 4, the Trick Mode element includes a Tomporal
SubScquence slement that specifies that a corresponding represeotation contains a
temporal sub-sequence that can bo accessed by byte ranges using information of sub-
fragment index boxes 314, RAPs 316 may comrespond to portions of movie fragments,
such as movie fragments 162 illustrated in FI1G. 3.

18155} Sub-fragment index boxes 314 may geacrally describe byte range locations of
random aceess points 316 of commesponding segments 312, o general, sub-fragment
index boxes 314 may appear afier a segiment index (S1DX) box (not shown in FIG. 6) of
segments 312 and provide movie fragment prefix sizes for movie fragments referenced

in the immediately preceding segment index box, Table 5 below provides properties of

an example SFIX box.
TABLE 5—S8ub-Fragment Index Box Properties
Box Type SFIX
Comainer Nong
Mandatory No
Quantity 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 SubFragmentIndexRox
extends FullBox{*stel, 0, 0) {
nnsigned mi(32} frapment_count;
ansignud w(8) sub_fragment_connl,
for{ i=0; i < fiagment_count; i++ )
for( j=0; ] < sub_fragment_count-1; j++ )

unsighed 16132} prefix_size;

e~

{8157} The description below provides an example set of semantics for the syntax
described above:

fragment_count specifies the number of fragments for which sub-fragment
information is specified in this box. This must be cqual to the number of fragmeni
references in the immediately preceding Segment Index Box.

sub_fragment_count specifies the number of sob-fragments per fragment

prefix_size specifies the size of the prefix of fragment 1 vecupied by sob-
frapgment j.
13158} 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 clieni device 40 along with a segment index box in advance of
requesting media data, the sub-fragment index box mey provide information for client
device 40 to construct byte range requests which target subsets of fragment data, for
example, temporal sub-lavers.
{159} The Sub-Track Fragment box may specify a re-ordering of the sample data of
the track fragment, such that the samaples of cach sub-track fragment precede 2l samples
that appear only i higher sub-track 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., a corresponding one of segments 312) in the same order as they appear in the
Track Run box. This may aliow for samiples to be stored in order of femporal scalability
layer within the track fragment. When thiz box is present there may be only one Traclk
Run box.

{368] Table 6 deseribes properties of the sub-track fragment bex:
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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 pseudocede below illustrates an example syntax for the sub-track fragment
box:
aligned(8) class SubTrackFraghox
extends FollBox{‘strf”, 0, 0} {
unsigned mt(§) sub track count;
unsigned inf(16) sample_count{sub track couni-1];
for( =01 t < sub_irack count; i++)
!
for {j=0; i < sample_coumt[i]; j++)
bit(1) cur_sub_frak flag;
i
rescrved trailing bils;
H
10162 The description below provides example sersantics for the example syntax of the
sub-track fragment box described above:
sab_track ceunt indicates the number of sub-irack fragments; When this box is

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

sample_counti] 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 sinaller index values,. The number of samples in
sub-track fragment { is cquivalent {o the number of zerus of the first bitstring in
the subsequent loop. The number of samples in sub-track fragment with an index
of sub_track_count-1, which is sample_count{sub_rack count-1], is equal to the

nomber of samples in the Track Fragment.

cur_seb track flag equal to | 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 equalto
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in the veration of the outer loop indicates that a sample belongs to a sub-track
fragment with an index smakller than i+1, Note: That is, the first tteration of the
loop coniains sample count[Q] flags indicating the positions of the samples

in sub-track-fragment 1 that are not also in sub-track-fragment §. The second
fleration of the loop contains sample_coom[1] flags indicating the positions ¢f
the samples in sub-track-fragment 2 and pot also in sub-irack-fragment |

etc. sample count{sub_track count-1] is considered equal to the rumber of

samples in the Track Fragreent.

16163} Trick modes may be applied to a varicty of different scenarios. For example,
trick modes mey be used to panse 2 service temporarily, resume service afier a pause,
rewind for a period of time, and/or fast forward to proceed to a desired formporal
position (c.g.. after playback gets interrupted or to seek to a particular desired temporal
position).

13164} Supporting trick modes osing emporal subsequences may provide a number of
advantages. For example, temporal subsequences may support various frame rates
relatively casily. Likewise, the representation including a temporal subseguence may be
used for regular playout, as the representation is not Himited to the temporal
subsequence. Forthermore, encoding with temporal subsequences may be highly
efficient. Temporal subsequences also need not require any now coding profiies or
levels, can re-use the regular representations, avoid additional clicnt complexity, enabic
simple content provisioning, provide bandwidih, cache, and storage efficiency, provide
flexibility to the client implementation to optimize user expetience, o be common
among different trick mode operations, and can be applicable to a broad spectrum of
cHent 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
1etTics.

HE65) FIG. 7 is 2 conceptual diagram illustrating anciber example multimedia content
350 in which segments 362A-362D may include MPD update hoxes 364 to indicate that
MPD 352 is to be updated. Multimedia content 350 may correspoid to multimedia
contend 64 (FIG, 1), or another muitimedia content stored in memory 62, In general,
MPI3 352 includes representation information 354 for representation 3460, such as
charaeteristics of representation 360 and UIRIs or URLs of seginents 362 of

representation 360, In some cases, representation 360 may be formed from live content,
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e.2., & sporting eveni, and therefore, URIs of segments 362 might not be determined
advance. Therefore, as segments of representation 360 are formed, one or more of the
scgments may include MPD opdate boxes to indicate that MPD 352 is to be updated.
[8166] For exanmple, In FIG 7, segment 3624 inchdes MPD update box 364 and
segment data 3664, Segment duta 366A may generally be formed according to video
file 150 (FIG. 3). Howsver, segment 362A also ncludes MPD update box 364A. In this
manner, client device 40 may opdate MI'D 3532 based on data of MPD update box 364A.
MPD update box 304A may include updates to MPD 352, or may include a URT or URL
of an update for MPD 352, 1t should be understood that data of MPD update boxes 364
is not necessarily included in explicit boxes. For example, date that conforms
substantially ro 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 information may correspond to a header
portion, an MPD update box similar to MPD updaie boxes 364, or data included in one
or more other boxes of segments 362,

(81671 In this manner, after retricving data of segment 3624, client device 40 may
analyze MPD update box 364A to update MPD 352, Client device 40 may then use the
vpdated version of MPD 352 to retrieve segments 3628 and 362C. Scgments 3628 and
362C mnclude segment data 3668, 366C, which again may be formatied according to
video file 150 of FIG 3. Client device 40 may also retrieve data of segment 362D, In
this example, segment 362D includes MPD update box 3648, which client device 40
may use to perform another update to MPD 352, in a manner that conforms
substantially to the fivst 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 respect o data of MPD update box 364B.
[§168] An MPD update box, such as MIPPD update boxes 364A, 3648, may include
properties according to Table 7 below:

TABLE 7—MPD Updatie Box Propertics

Box Type MUPE
Container None

Mandatory Mo
Quantity cro or One
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(8165} The following synfax may be used to define an MPD update box, in some
examples:
aligned(8) class MPDUpdateBox
cxtends FullBox{*mupe’) {
unsigied ini(3y mpd information flags;
unsigned ini(}) new location flag;
unsigned nt(28) latest_mpd_update_fime;

#f The fellowing are opticnal fields
string mpd_Jocation

[8578] An examyple sef of semantics for the example 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
Ox(1  Medis Presentation Description update ahead
0x02  End-cf-presentation
0x03-0<07  reserved
new location_flag if set to 1, then the new Media Presentation Descripiion is
available at a new location specified in mpd_location.
latest_mpd_update time speeifies the time in ms by when the MPD update 18
necessary relative to the MPD issue time of the latest MPD. The olient may
choose to update the MPD any time between now.
mpd_location is present if and only if the new location flag is set and provides
a Uniform Resource Locaior for the new Media Presemtation Description,
18171} In this manner, in-band signaling ai the segment level may be used to indicate
updates 1o MPD 302, Updates may be provided at segment boundaries, in some
examples. That is, MPD update boxes 364 may ocour only at the baginnings or at the
erdds of respective segments, in various examples. In some examples, it bandwidth of
MPD updates presents an issue, server device 60 {(FYG. 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 puoblish time, which may provide unique identifier for the MPD
and when the MPI was issued, [t may also provide an anchor for the update

procedures. Furthermore, server device 6{ and/or content preparation device 20 may
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optiize MPLD updates using hierarchical stractures, e.g., to update only portions of
MPD 302 that require updates, without changing other portions of MPD 342 that do not
need updating.

{8172] Advertisement inserfton, such as targeied advertisement insertion, may also be
performed using MFPD update boxes similar 1o those of FIG 7. That is, an MPD update
box may be provided to direct client device 40 to retrieve data from advertisement
multimedia contend, This may ocour 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 known a priori.

18173] Updating of MPD 302 may be feasible in an asynchronous manner io the
delivery of segments. Server device 60 may provide guarantees to client device 40 that
an MPD will not be apdated for a particular amount of time. However, server device 60
need not explicitly signal when the MPD is updated before a minimum update pericd.
Completely synchroncus playout may be hardly achieved, as client devices may operate
an different MPD update instances, Therefore, clients may experience drift, Time-shift
viewing may be provided for by server device 60 and/or conlend preparation device 20,
{9174} FIG. 8 15 a flowchart illostrating an example methed for providing indications of
representation groups by a server device, and for selecting representetion groups by a
chent deviee as well as an individual representation within the selected representation
group. Although the method of FIG 8 is described with respect to server device 60 and
client device 40, it should be understood that other devices may implement techniques
simifar to those of the method of FIGQ 8. For example, content preparation devige 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} Scrver device 60 may initially chiain (e.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 characieristics, aswellas a
manifest file for the multinedia content. The set of representations may correspond to a
representation group. Server device 60 may provide indications of representation
groups fo client device 40 (400). For example, server device 60 may provide MPD 202
(FIG 4) or MPD portion 252 (FIG. 5) to client device 40, Other example MPDs of
FIGS. 2, 6, and 7 may also inchide indications of representation groups, such as

representation group XML elements. Tn any case, client device 40 may receive
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mformation describing representation group characieristics (402}, e.g., from the MPD
file or portion of the MPD fiie received from server device 60.
(6176} Client device 40 may then analyze the representation group characteristics to
sliminzte 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, elient device 40 may compare
user preferences for language, rating, and amount of depth (c.g., as provided by two or
more views having particular camers angles), to eliminate undesirable representation
groups. Client device 40 may then select an appropriate representation group based at
teast in part ou the decoding and rendering capabilities of clicnt device 40 (404). Of
course, it should be understood that this selection may also (additionally or
alternatively) be made based on user preferences, as discossed above. In this manner,
client device 40 may select a set of representations based on common characteristics for
the set of representations.
[B177] Afier selecting a representation group, client device 40 may request data for an
MPD portion that specifically describes representations of the representation group. In
response, server device 60 may provide indications of representation bitrates, among
other individual representation charactetistics, in the selected representation group to
clhient device 40 (406). For example, server device 60 may send data for a specific one
of MPD portions for representation groups 260 (FIG. 5) to client device 40. In other
examples, client device 40 may bave already received a full MPD for the multimedia
content (e.g., MPD 202 of FIG. 4), but may particularly analyze portions of the MPD
cerresponding specifically to the selected representation group. In this manney, in some
cxamples, step 406 of FIG. 8 may occur prior to step 402 and/or step 404,
[8178] inany case, after receiving characteristics specific to representations of the
selected representation group inchuding bitrates for the representations (408), clent
device 40 may determine a carrently available amount of network bandwidth (419).
Client device 40 may then select a representation from the selected representation group
{412), such that the selected representation has 4 bitrate that can be accommodated by
the determined currently avatlable amount of network bandwidth. The bitrates of the
representations represent exampies of coding characteristics of the individual
epresentations in the representation group, Client device 40 may then request data of

the selected representation (414). For cxample, client device 40 may construct (e.g.,
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generate and send) an HTTP GET request to request a segment of the selected
representation. Aliernatively, client device 40 may construct an HTTP partial GET that
specifics a byte range of a segment of the selected representation. In any case, client
devics 40 may submit the request o server device 60,

[517%] Server device 60 may receive the request, and in respounse, send the reqguested
data to client device 40 {418). For example, request processing unit 70 may delermine a
network address of client device 460 from data of the recetved request, c.g., a source
infernet protocol (IF) address and source port of the received request, Request
processing unit 70 may form network packets including the requested data and send the
requested data to client device 40, e.g., destined for the determined 1P address of client
device 40.

31881 After receiving the requested data, client device 40 may begin decoding and
displaying the recetved data (418). While receiving requested data, client device 40
may confinue analyzing currently available network bandwidth and submiiting requests
from representations having bitrates that can be accommodated by the currently
availabie amount of network bandwidth (4 10-414), 1f the amoum of network
bandwidth changes, chent device 40 may adaptively switch to a different representation
in the selected representation group. For example, client device 40 may determine a
segment in a new Tepresentation corresponding 1o the temporal location of the last
segment requested from a previous representation in the representation group, then
request the determined segment {or a portion thereof) in the new representation,

[181] In some examples, server device 60 may provide an MPD corresponding to
targeted advertisement insertion to client device 40 during the method of FIG 8. The
MPD may cause client device 40 {0 retrieve advertisement mulbtimedia data targeted to a
user of client device 40. In some cxamples, clicnt device 40 may further provide user
nformation to server device 60 to targer the advertisement meedia data to the user of
client device 40. The vser information may include user preferences, user identifying
information (such as a user 1D}, user demographic inforamation, or other such
information. The targeted add insertion may occur, for example, prior to stop 400 of
FIG. 8, or after step 418 and before selecting a subsequent representation, e.g., fora
subsequent period of the multimedia content,

{6182} In this manuer, the method of FIG. 8 represenis an cxample of a mothod
including analyzing at least a portion of a yeanifest file for muliimedia content, wherein

the portion of the manifest file includes information indicative of sety of representutions
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of the multimedia content and information indicative of common charactegistics for each
of the sets of representations, selecting one of the seis of representations based on the
common characteristics for the one of the seifs of representations, selecting one of the
representations of the sefected 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 for data of the one of the representations based on the selection.
18183} Likewise, the method of FIG. § represents an example of a method including
obtaining a set of represeutations of nultimedia content having one or more common
chatacteristics, wherein each of the representations in the set have individual coding
characteristics separate from the common characteristics, oblaining @ manifest file for
the mulrimedia content, whercin the manifest file includes information indicative of the
representations n the set, information mdicative of the common characteristies for the
set of representations, and information indicative of the coding characteristics fur each
of the representations in the set, and sending at least a poriion of the manifest file fo a
client deviee,

{8184} FIG. 9 is a flowchart illusfrating an example method for providing data
represenfative of a trick 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 is deseribed with respect (o server device 60 and client device 40, it shoukd be
understood that other devices may tmplement techniques similar to those of the method
of FIG. . 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 50. Morecover, the selection of @ trick mode may be performed in
conjunction with selection of a representation group and a representation from the
represcrtation group, as described with respect o FIG. 8 above,

{01858] Server device 60 may initiatly obfain {(e.g., create, or receive from content
preparation device 20} data for one or more representations of maltimedia content,
where at least ene of the representations includes a temporal sub-sequence, as well as a
manifest fle for the multimedia confent. The manifest file may indicate that the
representation includes a temporal sub-sequence. Server device 60 may provide
indications of representations of multimedia 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 vepresentations (432). That

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

[6186] Client device 40 may select 2 representation based on characteristics of the
representations of the multimedia content (434). Although client device 4 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 thar
client device 40 selects a representation for which a temporal sub-sequence is available.
Client device 40 may then recelve a2 request 1o use a irick mode (436). For example,
client device 40 may receive g selection of 2 particular temporal location from which to
begin playback, e.g., from a user of client device 40, Alternatively, client device 40 may
receive 3 request to fast forward or rewind the video data,

{91871 In response to the request fo use the trick mode, cHent device 40 may determine
whether a femperal sub-sequence for the tepresentation is available, and if so, 1o request
data for retrieving at least 4 portion of the temporal sub-sequence (438). Server device
60 may respond o the request by providing indications of locations of data for the
tempaoral sub-sequence fo client device 40 (440). In some exaniples, a portion of the
MPD for the multimedia content may indicate {ocations of the data for the teroporal 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,
{8188] In any case, client device 40 may use the received data inchuding information
indicative of locations of data for the temporal sub-sequence to request data of the
temporal sub-seguence from the specified locations (442). For example, client device
40 may detcrmine locations (e.g., URLs of segmcents and, possibly, byte ranges of the
segmenis) inciuding IDR random aceess points and/or ODR random access points.
Client device 40 may then construct HTTP GET or partial GET requests for data of the
temporal sub-sequence, in order fo play video data according to the trick mode.

{#18%] Afier recciving the HTTP GET andror 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 reguests or
media fragments of segments (or portions of media fragments) in response to HTTP
partiai GET requests. After receiving the requested data, client device 49 may decode

and display the received data (446), Likewise, client device 40 may continue requesting
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data from the representation {or a different representation if the mmount of available
network bandwidth changes),

16150} In this manner, the method of FIG. 9 represents an example of a method
including analyzing information of a manifest file for multimedia content, whercin the
information of the manifest file indicates that at least one representation of the
multimedia content inchudes a temporal sub-sequence, determining one or mote
locations of data for the temporal sub-sequence, and submitting one or more requests for
the data for the temporal sub-sequence,

[8191} Likewise, the method of FIG. 9 represents an example of a method including
obtaining data for at least one representation of multimedia content that inchudes 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 confent includes the temporal sub-sequence, and sending at leasi a
portion of the manifast file to a client device.

[8192] FIG. 10 is a flowchart illustrating an example method for providing, by & server
device, indications that a manifest file, such as an MPD, is 1o be updated, and for
updaling an MPD by a client device. Although the method of FIG 10 is described with
respect to server device 60 and client device 40, it shounld be understood that other
devices may implement techniques similar to those of the method of FIG. 10. For
example, conient preparation device 20, or one or more nebwork devices of a content
delivery network, may perform some or all of the functions attributed to server device
60, Morgover, 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
tepresentation group, as described with respect to FIGS. § and % above.

(8193} In some exampics, content preparation device 20 may encode and encapsulate
encoded video data captured during a live event, such as a sporting event. [n this
manner, clienf device 40 may retrieve coded data of the event in nearly real ime as the
event is occurring, Initially, server device 60 may receive one or more representations
of muttimedia content correspounding to the live event and provide indications of
characteristics for representations of the multimedia content in an MPD (460). The
MPD may only desctibe characteristics and locations of segments up fo a particolar
temporal location of the multimedia content, duc te the multimedia content being

formed as the event is being filmed live.
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{0394} Chent device 40 may use the information of the MPD to select & representation
{462). Using the current MPD, client device 4{) may request segments of the selected
representation, €.g., up to the temporal location. In response, server device 60 may send
the requested segenis. Howsver, in additdon, server device 60 may send a segment
meluding an MPD gpdate box or other information indlcating that the MP s to he
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). Chlent device 40 may also receive the information indicating
that the MPD is to be updated (470). For example, client device 40 may recetve the last
segment before the temporal location at which the MPD no longer applies. Client
device 44 may determine that the last segment includes an MPD update box, similar to
the MPD update boxes described with respect o FIG 7.

{81936] Using the update box, client device 40 may request updates w the MPD (472).
For exanmple, client device 40 may determine a network location of updates for the MPD
and request the updates from the determined jocation. Server device 60, or another
device storing updates to the MPD {e.g., content preparation device 20) may send
mformation indicative of the updates to the MPD (474}, which clent device 40 may use
to update the MPD (476). Alternatively, in some examples, the MPD update box may
inchude information indicative of the MPD updates itself, in which case client device 40
may update the MPD using the information of the MPD update bex. In any case, client
device 40 may then request segments following the temporal location at which the
previous MPD no fonger applied, using the updated version of the MPD (478). Client
device 40 and server device 60 may contimue performing stmilar steps wntil client device
4¢} has finished playback of the multimedia content.

[8197] In some examples, technigues similar to the method of FIG 10 may be used io
perform targeied advertisement insertion. For example, an updated MPD may include a
portion that corresponds to advertisement media content. Chent device 406 may be
required to retrieve and play back data of the advertisement media content, based on the
updated MPD, in order to receive data of one or more segmenis of the advertisement
madia 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 2 method
ncluding retrieving data of a first segiment of a vepresentation of multimedia content In

accordance with data of a copy of a manifest file stored by a chient device, retrieving a
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portion of @ second segment of the representation i accordance with the manifest file,
wherein the second segment ocours after the first segment in the representation, and
wherein the portion of the second segment indicates that the manifest file is o be
updated, updating the copy of the mavifest fiie stored by the client device based on the
indication that the manifest file is to be updated, and refrieving mediz 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
manifest file includes information indicative of a 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 to a reguest 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 2 second, different
segiment of the representation, and sending, in respense to a request received from the
client device and formed according to the updated manifest file. data of the second
segment t¢ the client device.

{0268} FIG. 11 s a flowchart illustrating an example method for constructing and using
data of a quality of experience (QoE) report document. Although the method of FIG, 11
i3 described with respect to server device 60 and client device 40, it should 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 defivery network, may perform some or all of the functions atiributed 1o
server device 60. Moreover, providing a QoF report to server devige 60 and/or content
preparation device 20 may be performed in conjunction with any or all of updating of an
MPD, selection of a frick mode, and/or selection of a representaiion group and a
representation from the representation group, as described with respect to FIGS. 8, 9,
and 10 above.

(42017 Initially, server devicc 60 may provide indications of characteristics of
representations of multimedia content 1n an MPD to client device 40 (500). As
discussed above, client device 40 may select 1 representation {502), e.g., based on
decoding and/or rendering capabilities of client device 40, user preferences, available
network bandwidth, and/or other characteristics of representations of the multimedia
content. Client device 40 may then request one or more segments of the selected

representation (504).
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[B242] Server device 00 may send the requested segments to client device 40 (506).
After receiving (he requested segmends, cliend device 40 may decode and display the
received data (508}, Clisnt device 40 may then determine whether all video data has
beon received (510}, I the last segment of the representation (or nmltimedia 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 requesi segments of the representation (504).
162631 In general, client device 40 may buffer the data and attempt to avoid buffer over-
and under-flow by requesting data of the multimedia content from a yepresentation that
can be accommuodated by currenily avatlable network bandwidth. At times, however,
utter overflow or undertiow may veeur, e.g., i 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, after
the Iast segment of the representation {or muliimedia confent) has beew received and
properly decoded FYES” branch of 510), client device 40 may provide a quality of
experience (QoE) report t¢ server device 60,
8284} For example, client device 40 may construct the report to inchude indications of
selected segments and representations (512). Chient device 40 may also vecord
pocurrences of buffer overflow/under{low, which may result in pauses in media
playback., Chent device 40 may form a report including a sequence of PeriodRepornt
clements, representing the Periods that were played cut. A Period clement may include
# 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 prescatation iime. The report can also include the initial startup time, this being the
time {rom the user request for viewing the content and the start of playout. To this
manner, the report document may comprise an extensible markup language (XML)
formatted clecironic document indicative of representations of the multimedia content
frome which the chent device retrieved media data of the multimedia content,
(82651 Client device 40 may provide the report to server device 60 or anether device of
a content delivery network, such as content preparation device 20 or a dedicated report
cellection device. In this manner, server device 6 may receive the indications of the
segmemnts and representations 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 improve content reparation
(516). TFrom 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
thers were switches between ropresentations. Alternatively or additionally, client device
40 may provide summary information in the form of the total playout duration and
numbei of distinet, contimous playout periods for each representation, together with the
number of pauses and the mean and variance of the pause durations,

142686} Using this data, the service provider may analyze quality of experience
information for a new piece of media content for streaming using Adaptive HTTP
Streaming. The service provider may make 2 namber of different representations at
different bitrates available, and provide HTTP serving infrastructure to host the media
files, then collect the feedback to determine qualily of users’ viewing experiences. The
service provider may use this data to improve qoality of service for this or fuhare media
content hosting, Quality of Experience metrics may refer 10 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 mamner, the
service provider may obtain a relatively accurate portrayal of the quality of a user’s
viegwing experience for a specific viewing session.

(82071 In this manner, the method of FIG. 11 represents an example of a method
mncloding constructing a document inchiding information indicative of representations
of maltimedia conteni from which media data was retrisved, and sending the
comstructed document to a server from which the media data was retricved. The method
of FIG. 11 also represents an example of 2 method including receiving information
indicative of data retrigved by a client device, comprising receiving an exiensible
markup language formaticd clectronic dosutent including information indicative of
representations of the multimedia comtent from which the chent device retrieved madia
data of the multimedia content.

(2881 In one or more cxamples, the functions described may be implemented in
hardware, software, firmware, or any comwbination thereof, f implemented in software,
the functions may be stored on or transmiitted over ag one or more instroctions or code
on & comynter-readable medinm and executed by a hardware-based processing unit
Computer-readable media may nclude computer-readable storage media, which
corresponds fo a tangible nedium such as data storage media, or communication media

including any medium that facilitates transfer of 2 computer program from one place to
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another, e.¢., according 1o a conymunication protocol. In this manner, computer-
readable media generally may correspond fo (1) tangible computer-readable storage
media which is non-transitory or (2) a communication medium such as a signal or
carriet wave. Data storage media may be any available media that can be accessed by
OIS O MoTe Compuiers of one oY MOre processors o retrieve mstructions, code and/or
data structores for implementation of the techniques described in this disclosure. A
compuier program product may include a computer-readable medium,
{62691 By way of exanple, and not imitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or cther optical disk storage, magnetic
disk storage, or sther magnetic storage devices, flash memory, or any other medium that
an be used 1o store desired program code in the form of instructions or data structures
and that can be sccessed by a computer. Also, any conmnection i properly termed a
compuier-readable medium. For example, if instructions are transmifted from a
website, server, or other remote source using a coaxial eable, fiber optic cable, twistad
pair, digital subscriber line {DSL), or wireless technologies such as nfrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies suclt as infrared, radio, and microwave are inchuded m the definition of
medium. it shoukd be understood, however, that computer-readable storage media and
data storage media do not include connections, carricr waves, sigoals, or other transitory
media, but are insiead directed (o non-transitory, tangible siorage media, Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile dise
{BVD), floppy disk and blu-ray disc where disks vsvally reproduce data magnetically,
while discs reproduee dats optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media,
8214} Tnstructions may be executed by One or more processors, such as onc or more
digital signai processors (DSPs), general purpose microprocessors, application specific
integrated circuits {ASYCS), field programmabile logic arravs (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to zuy of the foregoing struciure or any other strueture suitabie for
implementation of the techniques deseribed heremn, In addition, in some aspects, the
fonetionality 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 fogic

slements.
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[6211] The techniques of this disclosure may be implemented in s wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) ora set of
ICa (e.g., a chip set). Various components, modules, or uniis are described in this
disclosure to emphasize functional aspects of devices configured to perfor the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various onits may be combined in & codec hardware
unit or provided by a collection of intcroperative hardware units, including one or more

processors as deseribed zbove, in conjunciion with suitable software and/or fitmware.
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CLAIMS

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

analyzing, by a client device, 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, wherein the representation includes a
bitstream having a plurality of segments formed as individually retrievable files having
respective uniform resource locators (URLS), wherein each of the segments of the
representation includes a respective random access point (RAP) picture and a respective
plurality of non-RAP pictures, wherein the temporal sub-sequence is formed by at least some
of the RAP pictures of the segments and none of the non-RAP pictures, and wherein the
manifest file is separate from each of the plurality of segments;

determining, by the client device, byte ranges of the segments corresponding to
locations of the RAP pictures for the temporal sub-sequence in the segments, wherein the
byte ranges are each defined by a respective starting byte corresponding to a beginning of the
RAP picture of the corresponding segment and an ending byte corresponding to an end of the
RAP picture of the corresponding segment; and

submitting, by the client device, requests for the data for the temporal sub-sequence,
wherein the requests comprise partial GET requests that specify, for each of the segments, the
URL of the segment, the starting byte of the RAP picture of the segment, and the ending byte
of the RAP picture of the segment.

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

sub-sequence in a trick mode for the representation.

Claim 3: The method of claim 1, wherein determining the byte ranges of the segments
comprises determining the byte ranges of the segments for the temporal sub-sequence from
the manifest file.

Claim 4: The method of claim 1, wherein determining the byte ranges of the segments
comprises, for each of the segments:

retrieving data for a portion of the segment, wherein the portion of the segment
includes data indicative of the byte range of the RAP picture of the segment; and

analyzing the data for the retrieved portion of the segment to determine the byte range

of the RAP picture of the segment.
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Claim 5: The method of claim 4, wherein the data for the portion of the segment defines
a continuous byte sequence of the segment that includes the RAP picture of the segment, and
wherein submitting the requests comprises submitting a single request for the segment that
specifies the byte defined by the continuous byte sequence.

Claim 6: The method of claim 4, wherein the portion of the segment comprises a sub-

fragment index box of the segment.

Claim 7: The method of claim 4, wherein retrieving the data for the portion of the
segment comprises:

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

sending a partial GET request that specifies the starting byte of the portion of the
segment, the ending byte of the portion of the segment, and the URL of the segment.

Claim 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.

Claim 9: 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, wherein the representation includes a bitstream
having a plurality of segments formed as individually retrievable files having respective
uniform resource locators (URLS), wherein each of the segments of the representation
includes a respective random access point (RAP) picture and a respective plurality of non-
RAP pictures, wherein the temporal sub-sequence is formed by at least some of the RAP
pictures of the segments and none of the non-RAP pictures, and wherein the manifest file is
separate from each of the plurality of segments,

determine byte ranges of the segments corresponding to locations of the RAP pictures
for the temporal sub-sequence in the segments, wherein the byte ranges are each defined by a
respective starting byte corresponding to a beginning of the RAP picture of the corresponding
segment and an ending byte corresponding to an end of the RAP picture of the corresponding
segment, and

submit requests for the data for the temporal sub-sequence, wherein the requests
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comprise partial GET requests that specify, for each of the segments, the URL of the
segment, the starting byte of the RAP picture of the segment, and the ending byte of the RAP

picture of the segment.

Claim 10: The device of claim 9, wherein the one or more processors are configured to
determine the byte ranges of the segments for the temporal sub-sequence from the manifest
file.

Claim 11: The device of claim 9, wherein to determine the byte ranges of the segments,
the one or more processors are configured to, for each of the segments:

retrieve data for a portion of the segment, wherein the portion of the segment includes
data indicative of the byte range of the RAP picture of the segment, , and

analyze the data for the retrieved portion of the segment to determine the byte range
of the RAP picture of the segment.

Claim 12: The device of claim 11, wherein the data for the portion of the segment
comprises a sub-fragment index box of the segment, wherein the data for the portion of the
segment defines a continuous byte sequence of the segment that includes the RAP picture of
the segment, and wherein the device is configured to submit a single request for the segment

that specifies the byte range defined by the continuous byte sequence.

Claim 13: The device of claim 11, wherein to retrieve the data for the portion of the
segment, the one or more processors are configured to:

determine a starting byte of the portion of the segment and an ending byte of the
portion of the segment from data of the manifest file, and

send a partial GET request that specifies the starting byte of the portion of the
segment, the ending byte of the portion of the segment, and the URL of the segment.

Claim 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.

Claim 15: A device for retrieving multimedia data, the device comprising:
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
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content includes a temporal sub-sequence, wherein the representation includes a bitstream
having a plurality of segments formed as individually retrievable files having respective
uniform resource locators (URLSs), wherein each of the segments of the representation
includes a respective random access point (RAP) picture and a respective plurality of non-
RAP pictures, wherein the temporal sub-sequence is formed by at least some of the RAP
pictures of the segments and none of the non-RAP pictures, and wherein the manifest file is
separate from each of the plurality of segments;

means for determining byte ranges of the segments corresponding to locations of the
RAP pictures for the temporal sub-sequence in the segments, wherein the byte ranges are
each defined by a respective starting byte corresponding to a beginning of the RAP picture of
the corresponding segment and an ending byte corresponding to an end of the RAP picture of
the_corresponding segment; and

means for submitting requests for the data for the temporal sub-sequence, wherein the
requests comprise partial GET requests that specify, for each of the segments, the URL of the
segment, the starting byte of the RAP picture of the segment, and the ending byte of the RAP

picture of the segment.

Claim 16: The device of claim 15, wherein the means for determining the byte ranges of
the segments comprises means for determining the byte ranges of the segments for the

temporal sub-sequence from the manifest file.

Claim 17: The device of claim 15, wherein the means for determining the byte ranges of
the segments comprises:

means for retrieving, for each of the segments, data for a portion of the segment,
wherein the portion of the segment includes data indicative of the byte range of the RAP
picture of the segment; and

means for analyzing, for each of the segments, the data for the retrieved portion of the

segment to determine the byte range of the RAP picture of the segment.

Claim 18: The device of claim 17, wherein the portion of the segment comprises a sub-
fragment index box of the segment, wherein the data for the portion of the segment defines a
continuous byte sequence of the segment that includes the RAP picture of the segment, and
wherein the means for submitting the requests comprise means for submitting a single request

for the segment that specifies the byte range defined by the continuous byte sequence.
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Claim 19: The device of claim 17, wherein the means for retrieving the data for the
portion of the segment comprises:

means for determining a starting byte of the portion of the segment and an ending
byte of the portion of the segment from data of the manifest file; and

means for sending a partial GET request that specifies the starting byte of the portion

of the segment, the ending byte of the portion of the segment, and the URL of the segment.

Claim 20: A computer program product comprising a non-transitory 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, wherein the representation includes a bitstream
having a plurality of segments formed as individually retrievable files having respective
uniform resource locators (URLS), wherein each of the segments of the representation
includes a respective random access point (RAP) picture and a respective plurality of non-
RAP pictures, wherein the temporal sub-sequence is formed by at least some of the RAP
pictures of the segments and none of the non-RAP pictures, and wherein the manifest file is
separate from each of the plurality of segments;

determine byte ranges of the segments corresponding to locations of the RAP pictures
for the temporal sub-sequence in the segments, wherein the byte ranges are each defined by a
respective starting byte corresponding to a beginning of the RAP picture of the corresponding
segment and an ending byte corresponding to an end of the RAP picture of the corresponding
segment; and

submit requests for the data for the temporal sub-sequence, wherein the requests
comprise partial GET requests that specify, for each of the segments, the URL of the
segment, the starting byte of the RAP picture of the segment, and the ending byte of the RAP
picture of the segment.

Claim 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.

Claim 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
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processor to determine the byte ranges of the segments for the temporal sub-sequence from

the manifest file.

Claim 23: The computer program product of claim 20, wherein the instructions that
cause the processor to determine the byte ranges of the segments comprise instructions that
cause the processor to, for each of the segments:

retrieve data for a portion of the segment, wherein the portion of the segment includes
data indicative of the byte range of the RAP picture of the segment,; and

analyze the data for the retrieved portion of the segment to determine the byte range
of the RAP picture of the segment.

Claim 24: The computer program product of claim 23, wherein the data for the portion of
the segment comprises a sub-fragment index box of the segment, wherein the data for the
portion of the segment defines a continuous byte sequence of the segment that includes the
RAP picture of the segment, and wherein the instructions that cause the processor to submit
the requests comprise instructions that cause the processor to submit a single request for the

segment that specifies the byte range defined by the continuous byte sequence.

Claim 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 segment and an ending byte of the
portion of the segment from data of the manifest file, and

send a partial GET request that specifies the starting byte of the portion of the
segment, the ending byte of the portion of the segment, and the URL of the segment.

Claim 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, wherein the representation includes a bitstream having a plurality of
segments formed as individually retrievable files having respective uniform resource locators
(URLs), wherein each of the segments of the representation includes a respective random
access point (RAP) picture and a respective plurality of non-RAP pictures, and wherein the
temporal sub-sequence is formed by at least some of the RAP pictures of the segments and

none of the non-RAP pictures;
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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 wherein the manifest file is separate from each of
the plurality of segments;

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

sending data indicative of byte ranges corresponding to locations of the RAP pictures
for the temporal sub-sequence in the segments to the client device, wherein the byte ranges
are each defined by a respective starting byte corresponding to a beginning of the RAP
picture of the corresponding segment and an ending byte corresponding to an end of the RAP

picture of the corresponding segment.

Claim 27: The method of claim 26, wherein the manifest file includes the data indicative
of the byte ranges corresponding to the locations of the RAP pictures for the temporal sub-

sequence.

Claim 28: The method of claim 26, wherein a portion of each of the segments includes
the data indicative of the byte ranges of the RAP picture for the temporal sub-sequence, the
method further comprising, for each of the segments:

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

sending the portion of the segment to the client device in response to the request.

Claim 29: The method of claim 28, wherein the portion of the segment comprises a sub-
fragment index box of the segment, and wherein the data for the portion of the segment
defines a continuous byte sequence of the segment that includes the RAP picture of the

segment.

Claim 30: The method of claim 28, wherein the manifest file indicates a byte range for
the portion of the segment, and wherein the request comprises a partial GET request that

specifies the byte range for the portion of the segment and the URL of the segment.

Claim 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, wherein the representation includes a bitstream having a plurality of
segments formed as individually retrievable files having respective uniform resource locators

(URLs), wherein each of the segments of the representation includes a respective random
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access point (RAP) picture and a respective plurality of non-RAP pictures, and wherein the
temporal sub-sequence is formed by at least some of the RAP pictures of the segments and
none of the non-RAP pictures,

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 wherein the manifest file is separate from each of the
plurality of segments,

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

send data indicative of byte ranges corresponding to locations of the RAP pictures for
the temporal sub-sequence in the segments to the client device, wherein the byte ranges are
each defined by a respective starting byte corresponding to a beginning of the RAP picture of
the corresponding segment and an ending byte corresponding to an end of the RAP picture of

the corresponding segment.

Claim 32: The device of claim 31, wherein the manifest file includes the data indicative
of the byte ranges corresponding to the locations of the RAP pictures for the temporal sub-

sequence.

Claim 33: The device of claim 31, wherein a portion of each of the segments includes the
data indicative of the byte ranges of the RAP picture for the temporal sub-sequence, and
wherein the one or more processors are configured to, for each of the segments:

receive a request for the portion of the segment from the client device, and

send the portion of the segment to the client device in response to the request.

Claim 34: The device of claim 33, wherein the portion of the segment comprises a sub-
fragment index box of the segment, and wherein the data for the portion of the segment
defines a continuous byte sequence of the segment that includes the RAP picture of the

segment.

Claim 35: The device of claim 33, wherein the manifest file indicates a byte range for the
portion of the segment, and wherein the request comprises a partial GET request that
specifies the byte range for the portion of the segment and the URL of the segment.

Claim 36: The device of claim 31, wherein the device comprises at least one of:
an integrated circuit;

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

Claim 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, wherein the representation includes a bitstream having a
plurality of segments formed as individually retrievable files having respective uniform
resource locators (URLS), wherein each of the segments of the representation includes a
respective random access point (RAP) picture and a respective plurality of non-RAP pictures,
and wherein the temporal sub-sequence is formed by at least some of the RAP pictures of the
segments and none of the non-RAP pictures;

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 wherein the manifest file is separate from
each of the plurality of segments;

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

means for sending data indicative of byte ranges corresponding to locations of the
RAP pictures for the temporal sub-sequence in the segments to the client device, wherein the
byte ranges are each defined by a respective starting byte corresponding to a beginning of the
RAP picture of the corresponding segment and an ending byte corresponding to an end of the

RAP picture of the corresponding segment.

Claim 38: The device of claim 37, wherein the manifest file includes the data indicative
of the byte ranges corresponding to the locations of the RAP pictures for the temporal sub-

sequence.

Claim 39: The device of claim 37, wherein a portion of each of the segments includes the
data indicative of the byte ranges of the RAP picture for the temporal sub-sequence, further
comprising:

means for receiving, for each of the segments, a request for the portion of the segment
from the client device; and

means for sending, for each of the segments, the portion of the segment to the client

device in response to the request.

Claim 40: The device of claim 39, wherein the portion of the segment comprises a sub-

fragment index box of the segment, and wherein the data for the portion of the segment
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defines a continuous byte sequence of the segment that includes the RAP picture of the

segment.

Claim 41: The device of claim 39, wherein the manifest file indicates a byte range for the
portion of the segment, and wherein the request comprises a partial GET request that

specifies the byte range for the portion of the segment and the URL of the segment.

Claim 42: A computer program product comprising a non-transitory 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, wherein the representation includes a bitstream having a plurality of
segments formed as individually retrievable files having respective uniform resource locators
(URLs), wherein each of the segments of the representation includes a respective random
access point (RAP) picture and a respective plurality of non-RAP pictures, and wherein the
temporal sub-sequence is formed by at least some of the RAP pictures of the segments and
none of the non-RAP pictures;

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 wherein the manifest file is separate from each of the
plurality of segments;

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

send data indicative of byte ranges corresponding to locations of the RAP pictures for
the temporal sub-sequence in the segments to the client device, wherein the byte ranges are
each defined by a respective starting byte corresponding to a beginning of the RAP picture of
the corresponding segment and an ending byte corresponding to an end of the RAP picture of

the corresponding segment.

Claim 43: The computer program product of claim 42, wherein the manifest file includes
the data indicative of the byte ranges corresponding to the locations of the RAP pictures for
the temporal sub-sequence.

Claim 44: The computer program product of claim 42, wherein a portion of each of the
segments includes the data indicative of the byte ranges of the RAP picture for the temporal

sub-sequence, further comprising instructions that cause the processor to, for each of the



70

segments:
receive a request for the portion of the segment from the client device; and

send the portion of the segment to the client device in response to the request.

Claim 45: The computer program product of claim 44, wherein the portion of the
segment comprises a sub-fragment index box of the segment, and wherein the data for the
portion of the segment defines a continuous byte sequence of the segment that includes the

RAP picture of the segment.

Claim 46: The computer program product of claim 44, wherein the manifest file indicates
a byte range for the portion of the segment, and wherein the request comprises a partial GET
request that specifies the byte range for the portion of the segment and the URL of the

segment.



