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PLACEMENT OF PARAMETER SETS AND
SYNC SAMPLES IN VIDEO CODING

[0001] This application claims the benefit of U.S. Provisional Application No.
62/115,013, filed February 11, 2015, the entire contents of which are incorporated by

reference herein.

TECHNICAL FIELD
[0002] This disclosure relates to video coding and compression, and signaling of data

associated with compressed video in a bitstream.

BACKGROUND

[0003] Digital video capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadcast systems, wireless broadcast
systems, personal digital assistants (PDAs), laptop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Digital video devices implement video compression techniques,
such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263,
ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), ITU-T H.265, High
Efficiency Video Coding (HEVC), and extensions of such standards. The video devices
may transmit, receive, encode, decode, and/or store digital video information more
efficiently by implementing such video compression techniques.

[0004] Video compression techniques perform spatial (intra-picture) prediction and/or
temporal (inter-picture) prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video slice (i.e., a video frame or a portion
of a video frame) may be partitioned into video blocks, which may also be referred to as
treeblocks, coding units (CUs) and/or coding nodes. Video blocks in an intra-coded (I)
slice of a picture are encoded using spatial prediction with respect to reference samples
in neighboring blocks in the same picture. Video blocks in an inter-coded (P or B) slice
of a picture may use spatial prediction with respect to reference samples in neighboring

blocks in the same picture or temporal prediction with respect to reference samples in
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other reference pictures. Pictures may be referred to as frames, and reference pictures
may be referred to a reference frames.

[0005] Spatial or temporal prediction results in a predictive block for a block to be
coded. Residual data represents pixel differences between the original block to be
coded and the predictive block. An inter-coded block is encoded according to a motion
vector that points to a block of reference samples forming the predictive block, and the
residual data indicating the difference between the coded block and the predictive block.
An intra-coded block is encoded according to an intra-coding mode and the residual
data. For further compression, the residual data may be transformed from the pixel
domain to a transform domain, resulting in residual transform coefficients, which then
may be quantized. The quantized transform coefficients, initially arranged in a two-
dimensional array, may be scanned in order to produce a one-dimensional vector of
transform coefficients, and entropy coding may be applied to achieve even more

compression.

SUMMARY

[0006] Techniques of this disclosure relate to definition of file formats and parsing
and/or coding of video data. For example, in video coding, a parameter set may contain
sequence-level header information or infrequently changing picture-level information
that does need not to be repeated for each sequence or picture, thereby increasing coding
efficiency. Aspects of this disclosure may enable efficient random accessibility of
coded video data by imposing constraints on placement of parameter sets in a video
bitstream and defining sync samples and non-sync samples in video files. For example,
parameter set data for a video data may be coded, for a sync sample, only in the sample
entry for the sample or the sample itself. Parameter set data for video data may be
coded, for a non-sync sample, only in a sample entry for the sample, the sample itself, a
previous sample in decoding order that is a sync sample, or in a sample occurring in
decoding order between the non-sync sample and the previous sample in decoding order
that is a sync sample.

[0007] In an example, a method of decoding video data includes determining whether a
sample of video data is a sync sample, and based on determining that the sample is not a

sync sample, determining parameter set data for the video data only from a sample entry
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for the sample, the sample, a previous sample in decoding order that is a sync sample, or
from a sample occurring in decoding order between the sample and the previous sample
in decoding order that is a sync sample.

[0008] In another example, a method for encoding video data comprises determining
whether a sample of video data is a sync sample, and based on determining that the
sample is not a sync sample, encoding parameter set data for the video data only in a
sample entry for the sample, the sample, a previous sample in decoding order that is a
sync sample, or in a sample occurring in decoding order between the sample and the
previous sample in decoding order that is a sync sample.

[0009] In another example, a device for decoding video data comprises a memory
configured to store video data, and one or more processors, the one or more processors
configured to determine whether a sample of the video data is a sync sample, and based
on determining that the sample is not a sync sample, determine parameter set data for
the video data only from a sample entry for the sample, the sample, a previous sample in
decoding order that is a sync sample, or from a sample occurring in decoding order
between the sample and the previous sample in decoding order that is a sync sample.
[0010] In another example, a device for encoding video data comprises a memory
configured to store video data, and one or more processors configured to determine
whether a sample of the video data is a sync sample, and based on determining that the
sample is not a sync sample, include parameter set data for the video data only in a
sample entry for the sample, the sample, a previous sample in decoding order that is a
sync sample, or in a sample occurring in decoding order between the sample and the
previous sample in decoding order that is a sync sample.

[0011] In another example, a device for decoding video data comprises means for
determining whether a sample of video data is a sync sample, and means for, based on
determining that the sample is not a sync sample, determining parameter set data for the
video data only from a sample entry for the sample, the sample, a previous sample in
decoding order that is a sync sample, or from a sample occurring in decoding order
between the sample and the previous sample in decoding order that is a sync sample.
[0012] In another example, a device for encoding video data comprises means for
determining whether a sample of video data is a sync sample, and means for, based on

determining that the sample is not a sync sample, including parameter set data for the
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video data only in a sample entry for the sample, the sample, a previous sample in
decoding order that is a sync sample, or in a sample occurring in decoding order
between the sample and the previous sample in decoding order that is a sync sample.
[0013] In another example, a non-transitory computer-readable medium comprises
instructions stored thereon that, when executed, cause one or more processors to
determine whether a sample of video data is a sync sample, and based on determining
that the sample is not a sync sample, determine parameter set data for the video data
only from a sample entry for the sample, the sample, a previous sample in decoding
order that is a sync sample, or from a sample occurring in decoding order between the
sample and the previous sample in decoding order that is a sync sample.

[0014] In another example, a non-transitory computer-readable medium comprises
instructions stored thereon that, when executed, cause one or more processors to
determine whether a sample of video data is a sync sample, and based on determining
that the sample is not a sync sample, include parameter set data for the video data only
in a sample entry for the sample, the sample, a previous sample in decoding order that is
a sync sample, or in a sample occurring in decoding order between the sample and the
previous sample in decoding order that is a sync sample.

[0015] The details of one or more examples of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and

advantages will be apparent from the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a block diagram illustrating an example video encoding and decoding
system that may utilize the techniques described in this disclosure.

[0017] FIG. 2 is a block diagram illustrating an example video encoder that may
implement the techniques described in this disclosure.

[0018] FIG. 3 is a block diagram illustrating an example video decoder that may
implement the techniques described in this disclosure.

[0019] FIG. 4 is a block diagram illustrating elements of an example video file.

[0020] FIG. 5 is a flow diagram illustrating a process for decoding parameter set data

from a video bitstream.
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[0021] FIG. 6 is a flow diagram illustrating a process for encoding parameter set data in

a video bitstream.

DETAILED DESCRIPTION
[0022] Techniques of this disclosure relate to storage of video contents in file formats.
More specifically, the techniques may enable efficient random accessibility of coded
video data through forcing constraints on placement of parameter sets and the definition
of sync samples and non-sync samples in video files.
[0023] Video coding standards include ITU-T H.261, ISO/IEC MPEG-1 Visual, ITU-T
H.262 or ISO/IEC MPEG-2 Visual, ITU-T H.263, ISO/IEC MPEG-4 Visual, ITU-T
H.264 or ISO/IEC MPEG-4 AVC, including its Scalable Video Coding (SVC) and
Multiview Video Coding (MVC) extensions, and High-Efficiency Video Coding
(HEVC), also known as ITU-T H.265 and ISO/IEC 23008-2, including its scalable
coding extension (i.e., scalable high-efficiency video coding, SHVC) and multiview
extension (i.e., multiview high efficiency video coding, MV-HEVC).
[0024] Random access may refer to a decoding of a video bitstream starting from a
coded picture that is not the first coded picture in the bitstream. Random access to a
bitstream is provided in many video applications, such as broadcasting and streaming,
e.g., for users to tune-in to a program anytime, to switch between different channels, to
jump to specific parts of the video, or to switch to a different bitstream for stream
adaptation (e.g., adaptation of the bit rate, frame rate, spatial resolution, and so on).
This feature is enabled by inserting random access pictures or random access points,
many times in regular intervals, into the video bitstream.
[0025] Instantaneous decoding refresh (IDR) pictures as specified in AVC or HEVC
can be used for random access. In general, an IDR picture may include intra-coded data
and may cause the pictures of a decoded picture buffer to be cleared and/or marked as
being unused for reference. However, since pictures following an IDR picture in
decoding order cannot use pictures decoded prior to the IDR picture as reference,
bitstreams relying on IDR pictures for random access can have significantly lower
coding efficiency.
[0026] To improve coding efficiency, the concept of clean random access (CRA)

pictures was introduced in HEVC to allow pictures that follow a CRA picture in
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decoding order but precede it in output order to use pictures decoded before the CRA
picture as reference. Pictures that follow a CRA picture in decoding order but precede
the CRA picture in output order are referred to as leading pictures associated with the
CRA picture (or leading pictures of the CRA picture). The leading pictures of a CRA
picture are correctly decodable if the decoding starts from an IDR or CRA picture
before the current CRA picture. However, the leading pictures of a CRA picture may be
non-decodable when random access from the CRA picture occurs; hence the leading
pictures are typically discarded during random access decoding. To prevent error
propagation from reference pictures that may not be available depending on where the
decoding starts, all pictures that follow a CRA picture both in decoding order and output
order may not use any picture that precedes the CRA picture either in decoding order or
output order (which includes the leading pictures) as reference.

[0027] The concept of broken link access (BLA) picture was further introduced in
HEVC after the introduction of CRA pictures and is based on the concept of CRA
pictures. A BLA picture typically originates from bitstream splicing (as described in
greater detail below) at the position of a CRA picture, and in the spliced bitstream the
splicing point CRA picture is changed to a BLA picture.

[0028] IDR pictures, CRA pictures and BLA pictures are collectively referred to as
random access point (RAP) pictures. IDR pictures correspond to the so-called closed
group of pictures (GOP) based RAPs, while CRA and BLA pictures correspond to the
conventionally so-called open group of pictures based RAPs.

[0029] One difference between BLA pictures and CRA pictures is that, for a CRA
picture, the associated leading pictures are correctly decodable if the decoding starts
from a RAP picture before the CRA picture in decoding order, and may be non-
correctly-decodable when random access from the CRA picture occurs (i.e., when the
decoding starts from the CRA picture, or in other words, when the CRA picture is the
first picture in the bitstream). For a BLA picture, the associated leading pictures may be
non-decodable in all cases, even when the decoding starts from a RAP picture before the
BLA picture in decoding order.

[0030] Randomly accessing a video bitstream may also start from a gradual decoding
refresh (GDR) picture, which is not intra coded, but after a certain number of pictures

being decoded, all the following pictures in decoding order can be correctly decoded.
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For a review of video techniques to achieve GDR, see this paper: Miska M. Hannuksela,
Ye-Kui Wang, and Moncef Gabbouj, “Isolated regions in video coding,” IEEE
Transactions on Multimedia, vol. 6, no. 2, pp. 259-267, Apr. 2004.

[0031] In some examples, randomly accessing a video bitstream may be performed
during bitstream splicing. Bitstream splicing may refer to the concatenation of two or
more bitstreams or parts thereof. For example, a first bitstream may be appended by a
second bitstream, possibly with some modifications to either one or both of the
bitstreams to generate a spliced bitstream. The first coded picture in the second
bitstream is also referred to as the splicing point. Therefore, pictures occurring after the
splicing point in the spliced bitstream were originated from the second bitstream, while
pictures preceding the splicing point in the spliced bitstream were originated from the
first bitstream.

[0032] Splicing of bitstreams may be performed by bitstream splicers. Bitstream
splicers are often lightweight and may be much less intelligent than encoders. For
example, splicers may not be equipped with entropy decoding and encoding capabilities.
In some examples, a bitstream splicer may be included in a server or other content
preparation device. Bitstream switching may be used in adaptive streaming
environments. A bitstream switching operation at a certain picture in the switch-to
bitstream is effectively a bitstream splicing operation wherein the splicing point is the
bitstream switching point, i.e., the first picture from the switch-to bitstream.

[0033] In some instances, coded video data may be stored in a particular file format.
Example file format standards include ISO base media file format (ISOBMFF, ISO/IEC
14496-12). The ISOBMFF may be used as the basis for many codec encapsulation
formats, such as the AVC file format, as well as for many multimedia container formats,
such as the MPEG-4 file format, the 3GPP file format (3GP), and the DVB file format.
For example, other file formats derived from the ISOBMFF may include the MPEG-4
file format (ISO/IEC 14496-14), the 3GPP file format (3GPP TS 26.244) and the AVC
file format (ISO/IEC 14496-15).

[0034] In addition to continuous media, such as audio and video, static media, such as
images, as well as metadata can be stored in a file conforming to ISOBMFF. Files
structured according to the ISOBMFF may be used for many purposes, including local

media file playback, progressive downloading of a remote file, segments for Dynamic
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Adaptive Streaming over HTTP (DASH), containers for content to be streamed and its
packetization instructions, and recording of received real-time media streams.

[0035] A box may refer to an elementary syntax structure in the ISOBMFF, including a
four-character coded box type, the byte count of the box, and the payload. An
ISOBMFF file consists of a sequence of boxes, and boxes may contain other boxes. A
Movie box (“moov”) contains the metadata for the continuous media streams present in
the file, each one represented in the file as a track.

[0036] The metadata for a track is enclosed in a Track box (“trak™), while the media
content of a track is either enclosed in a Media Data box (“mdat”) or directly in a
separate file. The media content for tracks consists of a sequence of samples, such as
audio or video access units. An access unit is, generally, a unit of data including coded
picture data for a common time instance. A sample is an access unit as defined by a
particular specification, such as the video coding specifications described herein. A
sample entry may provide a description of a corresponding sample.

[0037] The ISOBMFF specifies the following types of tracks: a media track, which
contains an elementary media stream, a hint track, which either includes media
transmission instructions or represents a received packet stream, and a timed metadata
track, which comprises time-synchronized metadata.

[0038] Although originally designed for storage, the ISOBMFF has proven to be
valuable for streaming, e.g., for progressive download or DASH. For streaming
purposes, the movie fragments defined in ISOBMFF may be used. The metadata for
each track includes a list of sample description entries (also referred to as sample
entries), each providing the coding or encapsulation format used in the track and the
initialization data needed for processing that format. Each sample may be associated
with one of the sample description entries of the track. As described herein, a sample
may correspond to an access unit in video coding. For example, a sample may
correspond to a unit of video data that includes all view components (e.g., all network
abstraction layer (NAL) units) for a common time instance. A parameter set sample
may be a sample in a parameter set stream that includes parameter set NAL units that
are to be considered as present in a video elementary stream at the same instance in

time.
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[0039] The ISOBMFF enables sample-specific metadata to be specified with various
mechanisms. Specific boxes within the Sample Table box (“stbl”’) have been
standardized to respond to common needs. For example, a Sync Sample box (“stss”) is
used to list random access samples (as described below) of the track. The sample
grouping mechanism enables mapping of samples according to a four-character
grouping type into groups of samples sharing the same property specified as a sample
group description entry in the file. Several grouping types have been specified in the
ISOBMFF.

[0040] The ISOBMFF specification specifies six types of Stream Access Points (SAPs)
for use with DASH. The first two SAP types (types 1 and 2), correspond to IDR
pictures in H.264/AVC and HEVC. The third SAP type (type 3) corresponds to open-
GOP random access points, hence BLA or CRA pictures in HEVC. The fourth SAP
type (type 4) corresponds to GDR random access points.

[0041] However, the phrase “random access point” may have multiple and potentially
inconsistent definitions throughout the ISOBMFF. For example, a video coder (e.g., a
video encoder or video decoder) conforming to one portion of the ISOBMFF may
determine whether a sample is a random access point differently than a video coder
conforming to another portion of the ISOBMFF. When a random access point is
interpreted differently by different devices (e.g., a device responsible for
encoding/packaging video data and a device responsible for parsing/decoding video
data), a file may not be delivered and/or played back properly.

[0042] For example, because there are different interpretations of the term "random
access point" in the ISOBMFF, the constraint on placement of parameter sets in the
AVC file format, SVC file format, MVC file format, and HEVC file format can have
different interpretations. Accordingly, a file may be considered as conforming to the
ISOBMFF by some implementations but not by other implementations. Due to such
inconsistencies, a video coder may not be able to accurately and/or consistently
determine whether conditions associated with random access points have been satisfied
for a particular bitstream, such as conditions associated with parameter sets. In some
cases, a file may be rejected to be requested or played back.

[0043] The techniques of this disclosure may address one or more of the issues

discussed above. For example, according to aspects of this disclosure, the constraints
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on placement of parameter sets in the AVC file format, SVC file format, MVC file
format, and HEVC file format may be updated with respect to the ISOBMFF, such that
the above-noted interoperability issue is resolved.

[0044] For example, according to aspects of this disclosure, a video coder (e.g., a video
encoder or video decoder) may determine whether a sample of video data (e.g., an
access unit that includes at least one coded picture for a particular instance in time) is a
sync sample. In general, a sync sample is a sample that may be used for
synchronization (e.g., during bitstream switching or splicing). A sample may be
considered a sync sample if conditions for random access are met, as described in
greater detail below, such that a video decoder may begin properly decoding the sync
sample and all samples following the sync sample in decoding order.

[0045] According to aspects of this disclosure, based on determining that the sample is
not a sync sample, a video decoder may decode parameter set data for the video data
only in the sample entry for the sample or in a sample occurring in decoding order
between the sample and a previous sample in decoding order that is a sync sample,
inclusive. That is, the video decoder may determine parameter set data needed for
decoding the video data of the non-sync sample only from the sample entry for the non-
sync sample, the non-sync sample itself, a previous sync sample in decoding order, or
one or more samples between the previous sync sample and the non-sync sample. For
example, in the event that a sample is not a sync sample and parameter set data is
included in any other location of the bitstream than those specified, the video decoder
30 may reject the file as non-conforming and may not decode the sample. As described
in greater detail below, a parameter set may contain sequence-level header information
or infrequently changing picture-level information that does need not to be repeated for
each sequence or picture (thereby increasing coding efficiency).

[0046] FIG. 1 is a block diagram illustrating an example video encoding and decoding
system 10 that may utilize techniques for determining one or more target output layers,
according to aspects of this disclosure. As shown in FIG. 1, system 10 includes a
source device 12 that provides encoded video data to be decoded at a later time by a
destination device 14. In particular, source device 12 provides the video data to

destination device 14 via a computer-readable medium 16.
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[0047] Source device 12 and destination device 14 may comprise any of a wide range of
devices, including desktop computers, notebook (i.e., laptop) computers, tablet
computers, set-top boxes, telephone handsets such as so-called “smart” phones, so-
called “smart” pads, televisions, cameras, display devices, digital media players, video
gaming consoles, video streaming device, or the like. In some cases, source device 12
and destination device 14 may be equipped for wireless communication.

[0048] Destination device 14 may receive the encoded video data to be decoded via
computer-readable medium 16. Computer-readable medium 16 may comprise any type
of medium or device capable of moving the encoded video data from source device 12
to destination device 14. In one example, computer-readable medium 16 may comprise
a communication medium to enable source device 12 to transmit encoded video data
directly to destination device 14 in real-time.

[0049] The encoded video data may be modulated according to a communication
standard, such as a wireless communication protocol, and transmitted to destination
device 14. The communication medium may comprise any wireless or wired
communication medium, such as a radio frequency (RF) spectrum or one or more
physical transmission lines. The communication medium may form part of a packet-
based network, such as a local area network, a wide-area network, or a global network
such as the Internet. The communication medium may include routers, switches, base
stations, or any other equipment that may be useful to facilitate communication from
source device 12 to destination device 14.

[0050] In some examples, encoded data may be output from output interface 22 to a
storage device. Similarly, encoded data may be accessed from the storage device by
input interface 28. The storage device may include any of a variety of distributed or
locally accessed data storage media such as a hard drive, Blu-ray discs, DVDs, CD-
ROMs, flash memory, volatile or non-volatile memory, or any other suitable digital
storage media for storing encoded video data. In a further example, the storage device
may correspond to a file server or another intermediate storage device that may store the
encoded video generated by source device 12.

[0051] Destination device 14 may access stored video data from the storage device via
streaming or download. The file server may be any type of server capable of storing

encoded video data and transmitting that encoded video data to the destination device
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14. Example file servers include a web server (e.g., for a website), an FTP server,
network attached storage (NAS) devices, or a local disk drive.

[0052] Destination device 14 may access the encoded video data through any standard
data connection, including an Internet connection. This may include a wireless channel
(e.g., a Wi-Fi connection), a wired connection (e.g., DSL, cable modem, etc.), or a
combination of both that is suitable for accessing encoded video data stored on a file
server. The transmission of encoded video data from the storage device may be a
streaming transmission, a download transmission, or a combination thereof.

[0053] The techniques of this disclosure are not necessarily limited to wireless
applications or settings. The techniques may be applied to video coding in support of
any of a variety of multimedia applications, such as over-the-air television broadcasts,
cable television transmissions, satellite television transmissions, Internet streaming
video transmissions, such as dynamic adaptive streaming over HTTP (DASH), digital
video that is encoded onto a data storage medium, decoding of digital video stored on a
data storage medium, or other applications. In some examples, system 10 may be
configured to support one-way or two-way video transmission to support applications
such as video streaming, video playback, video broadcasting, and/or video telephony.
[0054] In the example of FIG. 1, source device 12 includes video source 18, video
encoder 20, encapsulation unit 21, and output interface 22. Destination device 14
includes input interface 28, decapsulation unit 29, video decoder 30, and display device
32. In other examples, a source device and a destination device may include other
components or arrangements. For example, source device 12 may receive video data
from an external video source 18, such as an external camera. Likewise, destination
device 14 may interface with an external display device, rather than including an
integrated display device.

[0055] The illustrated system 10 of FIG 1 is merely one example. Techniques
described herein may be performed by any digital video encoding and/or decoding
device. Although generally the techniques of this disclosure are performed by a video
encoding device, the techniques may also be performed by a video encoder/decoder,
typically referred to as a “CODEC.” Moreover, the techniques of this disclosure may

also be performed by a video preprocessor.
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[0056] Source device 12 and destination device 14 are merely examples of such coding
devices in which source device 12 generates coded video data for transmission to
destination device 14. In some examples, devices 12, 14 may operate in a substantially
symmetrical manner such that each of devices 12, 14 include video encoding and
decoding components. Hence, system 10 may support one-way or two-way video
transmission between video devices 12, 14, e.g., for video streaming, video playback,
video broadcasting, or video telephony.

[0057] Video source 18 of source device 12 may include a video capture device, such as
a video camera, a video archive containing previously captured video, and/or a video
feed interface to receive video from a video content provider. As a further alternative,
video source 18 may generate computer graphics-based data as the source video, or a
combination of live video, archived video, and computer-generated video. In some
cases, if video source 18 is a video camera, source device 12 and destination device 14
may form so-called camera phones or video phones. As mentioned above, however, the
techniques described in this disclosure may be applicable to video coding in general,
and may be applied to wireless and/or wired applications. In each case, the captured,
pre-captured, or computer-generated video may be encoded by video encoder 20.
[0058] Video encoder 20 generally produces a stream of encoded video data. Each
individual stream of data (whether audio or video) may be referred to as an elementary
stream. An elementary stream is a single, digitally coded (possibly compressed)
component of a representation. For example, the coded video or audio part of the
representation can be an elementary stream. An elementary stream may be converted
into a packetized elementary stream (PES) before being encapsulated within a video
file. In some examples, video encoder 20 may include packetizers for forming PES
packets from encoded data. In other examples, video encoder 20 may interface with
respective packetizers for forming PES packets from encoded data. In still other
examples, video encoder 20 may include packetizers for forming PES packets from
encoded audio and video data.

[0059] Encapsulation unit 21 receives PES packets for elementary streams of a
representation from video encoder 20 and forms corresponding NAL units from the PES
packets. In the examples of H.264/AVC and HEVC, coded video segments are

organized into NAL units, which provide a “network-friendly” video representation
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addressing applications such as video telephony, storage, broadcast, or streaming. NAL
units can be categorized to Video Coding Layer (VCL) NAL units and non-VCL NAL
units. VCL units may contain the core compression engine and may include block,
macroblock, and/or slice level data. Other NAL units may be non-VCL NAL units. In
some examples, a coded picture in one time instance, normally presented as a primary
coded picture, may be contained in an access unit, which may include one or more NAL
units.

[0060] As noted above, an access unit is, generally, a unit of data including all view
components (e.g., all NAL units) for a common time instance. The view components of
an access unit may be intended to be output together (i.e., output substantially
simultaneously), where outputting a picture generally involves transferring pictures
from a decoded picture buffer (DPB) (e.g., storing pictures from the DPB to an external
memory, sending the pictures from the DPB to a display, removing pictures from the
DPB, or the like).

[0061] Non-VCL NAL units may include parameter set NAL units and SEI NAL units,
among others. Parameter sets may contain sequence-level header information (in
sequence parameter sets (SPS)) and the infrequently changing picture-level 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 redundant 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, such as SEI NAL units.

[0062] Supplemental Enhancement Information (SEI) may contain information that is
not necessary for decoding the coded pictures samples from VCL NAL units, but may
assist in processes related to decoding, display, error resilience, and other purposes. SEI
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. SEI messages may be sequence level SEI messages
or picture level SEI messages. Some sequence level information may be contained in

SEI messages, such as scalability information SEI messages in the example of SVC and
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view scalability information SEI messages in MVC. These example SEI messages may
convey information on, e.g., extraction of operation points and characteristics of the
operation points. In addition, encapsulation unit 21 may form a manifest file, such as a
media presentation descriptor (MPD) that describes characteristics of the
representations. Encapsulation unit 21 may format the MPD according to extensible
markup language (XML).

[0063] Output interface 22 may output the encoded video onto a computer-readable
medium 16. Computer-readable medium 16 may include transient media, such as a
wireless broadcast or wired network transmission, or storage media (that is, non-
transitory storage media), such as a hard disk, flash drive, compact disc, digital video
disc, Blu-ray disc, or other computer-readable media. In some examples, a network
server (not shown) may receive encoded video data from source device 12 and provide
the encoded video data to destination device 14, e.g., via network transmission.
Similarly, a computing device of a medium production facility, such as a disc stamping
facility, may receive encoded video data from source device 12 and produce a disc
containing the encoded video data. Therefore, computer-readable medium 16 may be
understood to include one or more computer-readable media of various forms, in
various examples.

[0064] Input interface 28 of destination device 14 may receive data of segments of a
particular representation. Decapsulation unit 29 may decapsulate elements of a video
file into constituent PES streams, depacketize the PES streams to retrieve encoded data,
and send the encoded data to video decoder 30. Video decoder 30 decodes encoded
video data and sends the decoded video data, which may include a plurality of views of
a stream, to display device 32. Display device 32 displays the decoded video data to a
user, and may comprise any of a variety of display devices such as a cathode ray tube
(CRT), aliquid crystal display (LCD), a plasma display, an organic light emitting diode
(OLED) display, or another type of display device.

[0065] Video encoder 20, encapsulation unit 21, decapsulation unit 29, and video
decoder 30, post-processing entity 27 and network entity 79 described below, and other
components described in this disclosure, each may be implemented as any of a variety
of suitable integrated circuit processing circuitry, as applicable, such as one or more

processors, including one or more microprocessors, digital signal processors (DSPs),
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application specific integrated circuits (ASICs), field programmable gate arrays
(FPGAs), discrete logic circuitry, software, hardware, firmware or any combinations
thereof. Hence, the components of video encoder 20, encapsulation unit 21,
decapsulation unit 29, and video decoder 30, as well as post-processing entity 27 and
network entity 79, as described in this disclosure, may be formed by any of a variety of
integrated processing circuitry comprising one or more processors implemented as fixed
hardware processing circuitry, programmable processing circuitry and/or a combination
of both. Each of video encoder 20 and video decoder 30 may be included in one or
more encoders or decoders, either of which may be integrated as part of a combined
video encoder/decoder (CODEC). An apparatus including video encoder 20, video
decoder 30, encapsulation unit 21, and/or decapsulation unit 29 may comprise an
integrated circuit, a microprocessor, and/or a wireless communication device, such as a
cellular telephone.

[0066] This disclosure may generally refer to video encoder 20 (and/or server/content
delivery network 34) “signaling” certain information to another device, such as video
decoder 30. It should be understood, however, that video encoder 20 and/or a
server/content delivery network 34 may signal information by associating certain syntax
elements with various encoded portions of video data. That is, video encoder 20 and/or
server/content delivery network 34 may “signal” data by storing certain syntax elements
to headers of various encoded portions of video data. In some cases, such syntax
elements may be encoded and stored (e.g., stored to storage device 24) prior to being
received and decoded by video decoder 30. Thus, the term “signaling” may generally
refer to the communication of syntax or other data for decoding compressed video data,
whether such communication occurs in real- or near-real-time or over a span of time,
such as might occur when storing syntax elements to a storage medium at the time of
encoding, which then may be retrieved by a decoding device at any time after being
stored to this medium.

[0067] Video encoder 20 and video decoder 30 may operate according to a video
compression standard, such as the ITU-T H.264 standard, alternatively referred to as
MPEG-4, Part 10, Advanced Video Coding (AVC), or extensions of such standards
(e.g., Multiview Video Coding (MVC) or Scalable Video Coding (SVC)). The ITU-T
H.264/MPEG-4 (AVC) standard was formulated by the ITU-T Video Coding Experts
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Group (VCEG) together with the ISO/IEC Moving Picture Experts Group (MPEGQG) as
the product of a collective partnership known as the Joint Video Team (JVT). The
H.264 standard is described in ITU-T Recommendation H.264, Advanced Video
Coding for generic audiovisual services, by the ITU-T Study Group, and dated March,
2005, which may be referred to herein as the H.264 standard or H.264 specification, or
the H.264/AVC standard or specification.

[0068] In other examples, video encoder 20 and video decoder 30 may operate
according to the HEVC video coding standard, also known as ITU-T H.265 and
ISO/TEC 23008-2, or extensions of HEVC (scalable high-efficiency video coding
(SHVC) or multiview high efficiency video coding (MV-HEVC)). The finalized HEVC
standard document is published as “ITU-T H.265, SERIES H: AUDIOVISUAL AND
MULTIMEDIA SYSTEMS Infrastructure of audiovisual services — Coding of moving
video - High efficiency video coding,” Telecommunication Standardization Sector of
International Telecommunication Union (ITU), April 2013.

[0069] HEVC allows a video picture to be divided into a sequence of treeblocks or
largest coding units (LCU) that include both luma and chroma samples. Syntax data
within a bitstream may define a size for the LCU, which is a largest coding unit in terms
of the number of pixels. A slice includes a number of consecutive coding tree units
(CTUs). Each of the CTUs may comprise a coding tree block of luma samples, two
corresponding coding tree blocks of chroma samples, and syntax structures used to code
the samples of the coding tree blocks. In a monochrome picture or a picture that has
three separate color planes, a CTU may comprise a single coding tree block and syntax
structures used to code the samples of the coding tree block.

[0070] A video picture may be partitioned into one or more slices. Each treeblock may
be split into coding units (CUs) according to a quadtree. In general, a quadtree data
structure includes one node per CU, with a root node corresponding to the treeblock. If
a CU is split into four sub-CUs, the node corresponding to the CU includes four leaf
nodes, each of which corresponds to one of the sub-CUs. A CU may comprise a coding
block of luma samples and two corresponding coding blocks of chroma samples of a
picture that has a luma sample array, a Cb sample array and a Cr sample array, and
syntax structures used to code the samples of the coding blocks. In a monochrome

picture or a picture that have three separate color planes, a CU may comprise a single
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coding block and syntax structures used to code the samples of the coding block. A
coding block is an NxN block of samples.

[0071] Each node of the quadtree data structure may provide syntax data for the
corresponding CU. For example, a node in the quadtree may include a split flag,
indicating whether the CU corresponding to the node is split into sub-CUs. Syntax
elements for a CU may be defined recursively, and may depend on whether the CU is
split into sub-CUs. If a CU is not split further, it is referred as a leaf-CU. In this
disclosure, four sub-CUs of a leaf-CU will also be referred to as leaf-CUs even if there
is no explicit splitting of the original leaf-CU. For example, if a CU at 16x16 size is not
split further, the four 8x8 sub-CUs will also be referred to as leaf-CUs although the
16x16 CU was never split.

[0072] A CU has a similar purpose as a macroblock of the H.264 standard, except that a
CU does not have a size distinction. For example, a treeblock may be split into four
child nodes (also referred to as sub-CUs), and each child node may in turn be a parent
node and be split into another four child nodes. A final, unsplit child node, referred to
as a leaf node of the quadtree, comprises a coding node, also referred to as a leaf-CU.
Syntax data associated with a coded bitstream may define a maximum number of times
a treeblock may be split, referred to as a maximum CU depth, and may also define a
minimum size of the coding nodes. Accordingly, a bitstream may also define a smallest
coding unit (SCU). This disclosure uses the term “block”™ to refer to any of a CU, PU,
or TU, in the context of HEVC, or similar data structures in the context of other
standards (e.g., macroblocks and sub-blocks thereof in H.264/AVC).

[0073] A CU includes a coding node and prediction units (PUs) and transform units
(TUs) associated with the coding node. A size of the CU corresponds to a size of the
coding node and must be square in shape. The size of the CU may range from 8x8
pixels up to the size of the treeblock with a maximum of 64x64 pixels or greater. Each
CU may contain one or more PUs and one or more TUs.

[0074] In general, a PU represents a spatial area corresponding to all or a portion of the
corresponding CU, and may include data for retrieving a reference sample for the PU.
Moreover, a PU includes data related to prediction. For example, when the PU is intra-
mode encoded, data for the PU may be included in a residual quadtree (RQT), which

may include data describing an intra-prediction mode for a TU corresponding to the PU.
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As another example, when the PU is inter-mode encoded, the PU may include data
defining one or more motion vectors for the PU. A prediction block may be a
rectangular (i.e., square or non-square) block of samples on which the same prediction
is applied. A PU of a CU may comprise a prediction block of luma samples, two
corresponding prediction blocks of chroma samples of a picture, and syntax structures
used to predict the prediction block samples. In a monochrome picture or a picture that
have three separate color planes, a PU may comprise a single prediction block and
syntax structures used to predict the prediction block samples.

[0075] TUs may include coefficients in the transform domain following application of a
transform, e.g., a discrete cosine transform (DCT), an integer transform, a wavelet
transform, or a conceptually similar transform to residual video data. The residual data
may correspond to pixel differences between pixels of the unencoded picture and
prediction values corresponding to the PUs. Video encoder 20 may form the TUs
including the residual data for the CU, and then transform the TUs to produce transform
coefficients for the CU. A transform block may be a rectangular block of samples on
which the same transform is applied. A transform unit (TU) of a CU may comprise a
transform block of luma samples, two corresponding transform blocks of chroma
samples, and syntax structures used to transform the transform block samples. In a
monochrome picture or a picture that have three separate color planes, a TU may
comprise a single transform block and syntax structures used to transform the transform
block samples.

[0076] Following intra-predictive or inter-predictive coding using the PUs of a CU,
video encoder 20 may calculate residual data for the TUs of the CU. The PUs may
comprise syntax data describing a method or mode of generating predictive pixel data in
the spatial domain (also referred to as the pixel domain) and the TUs may comprise
coefficients in the transform domain following application of a transform, e.g., a
discrete cosine transform (DCT), an integer transform, a wavelet transform, or a
conceptually similar transform to residual video data. The residual data may correspond
to pixel differences between pixels of the unencoded picture and prediction values
corresponding to the PUs. Video encoder 20 may form the TUs including the residual
data for the CU, and then transform the TUs to produce transform coefficients for the

CU.
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[0077] Following any transforms to produce transform coefficients, video encoder 20
may perform quantization of the transform coefficients. Quantization generally refers to
a process in which transform coefficients are quantized to possibly reduce the amount of
data used to represent the coefficients, providing further compression. Following
quantization, the video encoder may scan the transform coefficients, producing a one-
dimensional vector from the two-dimensional matrix including the quantized transform
coefficients.

[0078] After scanning the quantized transform coefficients to form a one-dimensional
vector, video encoder 20 may entropy encode the one-dimensional vector, e.g.,
according to context-adaptive variable length coding (CAVLC), context-adaptive binary
arithmetic coding (CABAC), syntax-based context-adaptive binary arithmetic coding
(SBAC), Probability Interval Partitioning Entropy (PIPE) coding or another entropy
encoding methodology. Video encoder 20 may also entropy encode syntax elements
associated with the encoded video data for use by video decoder 30 in decoding the
video data.

[0079] In the example shown in FIG. 1, system 10 also includes server/content delivery
network 34 having router 36. In some examples, source device 12 may communicate
with server/content delivery network 34 via a variety of wireless and/or wired
transmission or storage media, as described above. Moreover, while shown separately
in the example of FIG. 1, in some examples, source device 12 and server/content
delivery network 34 comprise the same device. Server/content delivery network 34 may
store one or more versions of coded video data (from video encoder 20 of source device
12), and may make such coded video data available for access by destination device 14
and video decoder 30.

[0080] In some examples, router 36 may be responsible for providing coded video data
to destination device 14 in a requested format. In other examples, encapsulation unit 21
may be responsible for encapsulating encoded video data in a particular format. File
format standards include ISO base media file format (ISOBMFF, ISO/IEC 14496-12)
and other formats derived from the ISOBMFF, including MPEG-4 file format (ISO/IEC
14496-14), 3GPP file format (3GPP TS 26.244) and AVC file format (ISO/IEC 14496-
15). In addition, server/content delivery network 34 may be responsible for splicing

and/or switching bitstreams.
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[0081] As described in greater detail with respect to FIG. 4 below, a box may refer to
the syntax structure in the ISOBMFF, including a four-character coded box type, the
byte count of the box, and the payload. An ISOBMFF file consists of a sequence of
boxes, and boxes may contain other boxes. A Movie box (“moov”) contains the
metadata for the continuous media streams present in the file, each one represented in
the file as a track.

[0082] The metadata for a track is enclosed in a Track box (“trak™), while the media
content of a track is either enclosed in a Media Data box (“mdat”) or directly in a
separate file. The media content for tracks consists of a sequence of samples, such as
audio or video access units. An access unit is, generally, a unit of data including coded
picture data for a common time instance. A sample is an access unit as defined by a
particular specification, such as the video coding specifications described herein.
[0083] A sample entry may provide a description of a corresponding sample. For
example, a sample entry may include a four character code that describes a
characteristic of the corresponding sample, such as a format of the corresponding
sample. Example sample entries for AVC and SVC tracks are included in the table

below:

Sample With configuration | Meaning
entry name | records
avcl orave3 | AVC configuration | A plain AVC track without SVC NAL units;

only Extractors, aggregators, and tier grouping
shall not be present
avcl orave3 | AVC and SVC An SVC track with both AVC and SVC NAL
configurations units; Extractors and aggregators may be

present; Extractors shall not reference AVC
NAL units; Aggregators shall not contain but
may reference AVC NAL units; tier grouping
may be present

avc2 or ave4 | AVC configuration | A plain AVC track without SVC NAL units;
only Extractors may be present and used to
reference AVC NAL units; Aggregators may
be present to contain and reference AVC NAL
units; Tier grouping may be present

svel or sve2 | SVC configuration | An SVC track without AVC NAL units;
Extractors may be present and used to
reference both AVC and SVC NAL units;
Aggregators may be present to contain and
reference both AVC and SVC NAL units; tier
grouping may be present
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The table above is for purposes of illustration only. A variety of other sample entries
may be used to describe other types of samples.

[0084] Video encoder 20 (or encapsulation unit 21) may generate and video decoder 30
(or decapsulation unit 29) may receive certain parameter sets, which may be used when
decoding video data. For example, as noted above, parameter sets may include an SPS,
PPS, or VPS, which improve efficiency by separately signaling infrequently changing
information. With respect to the ISOBMFF file format, a parameter set sample may be
a sample in a parameter set stream that includes parameter set NAL units that are to be
considered as present in a video elementary stream at the same instance in time. There
may also be a parameter set sample at each point a parameter set is updated. Each
parameter set may contain the sequence and picture parameter sets needed to decode the
relevant section of the video elementary stream. A sync sample in a parameter set track
may indicate that all parameter sets needed from that decoding time forward in the
video elementary stream are in that or succeeding parameter stream samples.

[0085] However, in some instances, decapsulation unit 29 and/or video decoder 30 may
not properly identify and decode parameter sets. For example, as noted above, because
there are different interpretations of the term random access point (RAP) in the
ISOBMFF, the constraint on placement of parameter sets in the AVC file format, SVC
file format, MVC file format, and HEVC file format can have different interpretations,
and a file may be considered as conforming by some implementations but not by other
implementations. When a random access point is interpreted differently by different
devices (e.g., where different devices may include a device responsible for
encoding/packaging video data and a device responsible for parsing/decoding video
data), a file may not be delivered and/or played back properly.

[0086] For example, in the ISOBMFF, a video coder may interpret a RAP in at least
three different ways, depending on the particular portion of the ISOBMFF to which the
video coder conforms. In a first example, a RAP may correspond to any of SAP types
1, 2, or 3, but not other SAP types. For example, a portion of Section 3.1.11 of the
ISOBMFF is reproduced below:
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3.1.11
random access point (RAP)
sample in a track that starts at the ISAU of a SAP of type 1 or 2 or 3 as defined
in Annex I; informally, a sample, from which when decoding starts, the sample
itself and all samples following in composition order can be correctly decoded
[0087] In the example above, referred to as interpretation 1, a RAP only corresponds to
SAP type 1 to 3; thus a gradual decoding refresh (GDR) starting point cannot be
considered as a RAP.
[0088] In another example, a RAP may correspond to any of SAP types 1 2, 3, or 4, but
not other SAP types. For example, a portion of Section 10.1.1.3 of the ISOBMFF is
reproduced below:
10.1.1.3
roll distance is a signed integer that gives the number of samples that must
be decoded in order for a sample to be decoded correctly. A positive
value indicates the number of samples after the sample that is a group
member that must be decoded such that at the last of these recovery is
complete, i.e. the last sample is correct. A negative value indicates the
number of samples before the sample that is a group member that must
be decoded in order for recovery to be complete at the marked sample.
The value zero must not be used; the sync sample table documents
random access points for which no recovery roll is needed.
[0089] In the example above, referred to as interpretation 2, a GDR starting point may
be considered as a RAP, which is inconsistent with the definition of RAP in clause
3.1.11 (noted above).
[0090] In a third example, a random access point may correspond to a sync sample,
which is codec specific. For example, a portion of Section A.7 of the ISOBMFF is
reporduced below:

A.7 Random access

3) The sample that was located in step 1 may not be a sync sample. 7he
sync sample table indicates which samples are in fact random access

points. Using this table, you can locate which is the first sync sample
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prior to the specified time. The absence of the sync sample table
indicates that all samples are synchronization points, and makes this
problem easy. Having consulted the sync sample table, you probably
wish to seek to whichever resultant sample is closest to, but prior to, the
sample found in step 1.
[0091] In the example above, referred to as interpretation 3, a RAP is a sync sample and
vice versa.
[0092] The above-noted interpretations may result in parsing and/or decoding
difficulties by decapsulation unit 29 or video decoder 30. For example, decapsulation
unit 29 or video decoder 30 may determine whether a particular bitstream conforms to a
particular standard and therefore includes information at expected locations based on
whether a sample is identified as a RAP. In one example for purposes of illustration,
decapsulation unit 29 or video decoder 30 may parse parameter sets from different
locations of a bitstream, depending on whether decapsulation unit 29 or video decoder
30 determines that the sample is a RAP sample.
[0093] Example sections of the ISO/IEC 14496-15 (referred to herein as the ISOBMFF,
which contains the AVC file format, SVC, file format, MVC file format, and the HEVC
file format) are included below. In these examples, decapsulation unit 29 or video
decoder 30 may interpret RAP differently from one section to another, e.g., as noted
above with respect to interpretation 1, interpretation 2, and interpretation 3, which may
impact the proper parsing and/or decoding of parameter sets of a bitstream.
[0094] For example, a portion of Section 4.8 of the ISOBMEFF is reproduced below:
4.8 Sync sample (IDR)

e When the sample entry name is 'avc3' or 'ave4', the following applies:

1. If the sample is an IDR access unit, all parameter sets needed for
decoding that sample shall be included either in the sample entry or in
the sample itself.

2. Otherwise (the sample is not an IDR access unit), all parameter sets
needed for decoding the sample shall be included either in the sample
entry or in any of the samples since the previous random access point

to the sample itself, inclusive.
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[0095] In the example above, decapsulation unit 29 or video decoder 30 may determine
the location of parameter sets of the bitstream based on the definition of a random
access point. However, as noted above, decapsulation unit 29 or video decoder 30 may
determine the definition of a random access point inconsistently, e.g., as noted above
with respect to interpretation 1, interpretation 2, and interpretation 3. Accordingly,
decapsulation unit 29 or video decoder 30 may determine that a bitstream does not
conform to a particular video coding standard based on one definition of random access
point, when in fact the bitstream does conform to the video coding standard based on
another definition of random access point. The same issue applies to Sections 6.5.5 and
7.5.3 of the ISOBMFF (both having the same title as Section 4.8) for the SVC file
format and the MVC file format, respectively.

[0096] As another example, a portion of Section 8.4.3 of the ISOBMFF is reproduced
below:

8.4.3 Sync sample

An HEVC sample is considered as a sync sample if the VCL NAL units
in the sample indicate that the coded picture contained in the sample is an

Instantaneous Decoding Refresh (IDR) picture, a Clean Random Access

(CRA) picture, or a Broken Link Access (BLA) picture.

When the sample entry name is 'hevl', the following applies:

o Ifthe sample is a random access point, all parameter sets needed
for decoding that sample shall be included either in the sample
entry or in the sample itself.

e Otherwise (the sample is not a random access point), all
parameter sets needed for decoding the sample shall be included
either in the sample entry or in any of the samples since the
previous random access point to the sample itself, inclusive.

[0097] Again, the different possible random access point interpretations may impact the
constraints on placement of parameter sets, and when two different interpretations are
used by a composer (e.g., video encoder 20 or encapsulation unit 21) and a parser (e.g.,

decapsulation unit 29 or video decoder 30), an interoperability issue may occur.
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[0098] According to aspects of this disclosure, video encoder 20, encapsulation unit 21,
decapsulation unit 29, and/or video decoder 30 may apply constraints on the placement
of parameter sets for proper decoding and playback of video files. Example syntax and
semantics for coding parameter sets, in accordance with various techniques of this
disclosure, are set forth below. The syntax and semantics described are relative to e.g.,
that of AVC, HEVC, SVC, MVC, or the like, as noted.

[0099] In the example description, syntax tables and semantics below, additions to the

relevant standard are represented using bold and underline and deletions are

represented using [[double brackets]]. In general, statements regarding “requirements”
should be understood to form part of the text of the standard or standard extension, and
not a requirement for purposes of the techniques of this disclosure. In some instances,
such “requirements” may include bitstream constraints that may be determined to be
applicable and then adhered to by, for example, a video coder based on the
determination).
[0100] In one example, according to aspects of this disclosure, video encoder 20,
encapsulation unit 21, decapsulation unit 29, and/or video decoder 30 may conform to
an updated version of Section 4.8 of the AVC file format, where “random access point”
is replaced with “sample that is an IDR access unit,” as follows:

4.8 Sync sample (IDR)

A sample is considered as a sync sample if [[ALL of the following
conditions are met]] the video data NAL units in the sample indicate that the
primary picture contained in the sample is an instantaneous decoding refresh
(IDR) picture.

e  When the sample entry name is 'avc3' or 'avc4', the following applies:
1. If the sample is an IDR access unit, all parameter sets needed for
decoding that sample shall be included either in the sample entry or in
the sample itself.
2. Otherwise (the sample is not an IDR access unit), all parameter
sets needed for decoding the sample shall be included either in the
sample entry or in any of the samples since the previous [[random

access point]] sample that is an IDR access unit to the sample itself,

inclusive.
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[0101] The same change applies to Sections 6.5.5 and 7.5.3 of the ISOBMFF (both
having the same title as Section 4.8) for the SVC file format and the MVC file format,
respectively. In this example, video encoder 20, encapsulation unit 21, decapsulation
unit 29, and/or video decoder 30, or other devices, may be configured to determine that
the sample is a sync sample if the video data NAL units in the sample indicate that the
primary picture contained in the sample is an IDR picture. Video encoder 20,
encapsulation unit 21, decapsulation unit 29, and/or video decoder 30, or other devices,
may be further configured such that, if the sample is an IDR access unit, all parameter
sets needed for decoding the sample are included, e.g., encoded, stored or otherwise
placed, either in the sample entry for the sample or in the sample itself. Hence, when
the sample is an IDR access unit, with all parameter sets needed for decoding the
sample included in this manner, video decoder 30 may determine parameter set data for
video data of the sync sample only from the sample entry for the sample or the sample
itself. Determining parameter set data may refer, for example, to parsing, decoding,
retrieving or otherwise obtaining parameter set data.

[0102] In this example, all of the parameter sets needed for decoding the sample are
included in the sample entry of the sample or the sample itself. Therefore, the
parameter set data for decoding the video data of the sample is included only in the
sample entry of the sample or the sample itself. Likewise, to decode the video data of
the sample, all of the parameter set data needed to decode the video data of the sample
is determined from the sample entry of the sample or the sample itself. Therefore, for
decoding, parameter set data for the video data is determined only from the sample entry
of the sample or the sample itself.

[0103] In addition, in this example, video encoder 20, encapsulation unit 21,
decapsulation unit 29, and/or video decoder 30, or other devices, may be configured
such that, if the sample is not an IDR access unit, all parameter sets needed for decoding
the sample are included, e.g., encoded, stored or otherwise placed, either in the sample
entry for the sample or in any of the samples since the previous sample that is an IDR
access unit to the sample that is not an IDR access unit itself, inclusive. That is, if the
sample is not an IDR access unit, all parameter sets needed for decoding the sample are
included either in the sample entry for the sample that is not an IDR access unit, the

sample that is not an IDR access unit itself, the previous sample that is an IDR access
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unit, or the samples after the previous sample that is an IDR access unit and before the
sample itself, i.e., before the sample that is not an IDR access unit. With all parameter
sets needed for decoding the sample that is not an IDR access unit included in this
manner, video decoder 30 may determine parameter set data for video data of the
sample only from the sample entry for the sample, the sample itself, a previous sample
that is an IDR access unit, or from samples occurring between the sample that is not an
IDR access unit and the previous sample that is an IDR access unit.

[0104] In this example, all of the parameter sets needed for decoding the sample that is
not an IDR access unit are included in the sample entry for the sample, the sample itself,
a previous sample that is an IDR access unit, or in samples occurring between the
sample that is not an IDR access unit and the previous sample that is an IDR access unit.
Therefore, the parameter set data for decoding the video data of the sample is included
only in the sample entry for the sample, the sample itself, a previous sample that is an
IDR access unit, or in samples occurring between the sample that is not an IDR access
unit and the previous sample that is an IDR access unit. Likewise, to decode the video
data of the sample, all of the parameter set data needed to decode the video data of the
sample is determined from the sample entry for the sample, the sample itself, a previous
sample that is an IDR access unit, or in samples occurring between the sample that is
not an IDR access unit and the previous sample that is an IDR access unit. Therefore,
for decoding the video data of the sample, parameter set data for the video data is
determined only from the sample entry for the sample, the sample itself, a previous
sample that is an IDR access unit, or in samples occurring between the sample that is
not an IDR access unit and the previous sample that is an IDR access unit.

[0105] In some examples, video encoder 20, encapsulation unit 21, decapsulation unit
29, and/or video decoder 30, or other devices, may be further configured such that, if the
sample is an IDR access unit and the sample entry name is a particular name, such as
‘ave3' or 'aved', all parameter sets needed for decoding that sync sample are included
e.g., encoded, stored or otherwise placed, either in the sample entry for the sample or in
the sample itself. Hence, with all parameter sets needed for decoding the sample
included in this manner, if the sample is an IDR access unit and the sample entry name
is a particular name, such as 'avc3' or 'avcd', video decoder 30 may determine parameter

set data for video data of the sample only in the sample entry for the sample or the
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sample itself. Hence, the parameter set data may be determined in this manner based on
determining that the sample is an IDR access unit and further based on an entry name of
the sample, such as the sample entry name being a particular name or one of a set of
particular names, e.g., 'avc3' or 'ave4'. If the sample entry name is not a particular
name, the placement or determination of the parameter set data may be handled
differently.
[0106] In some examples, video encoder 20, encapsulation unit 21, decapsulation unit
29, and/or video decoder 30, or other devices, may be further configured such that, if the
sample is not an IDR access unit and the sample entry name is a particular name, such
as 'avc3' or 'aved', all parameter sets needed for decoding that sync sample are included,
e.g., encoded, stored or otherwise placed, either in the sample entry for the sample that
is not an IDR access unit, the sample that is not an IDR access unit itself, the previous
sample that is an IDR access unit, or the samples after the previous sample that is an
IDR access unit and before the sample itself, i.e., before the sample that is not an IDR
access unit. Hence, with all parameter sets needed for decoding the sample included in
this manner, if the sample is not an IDR access unit and the sample entry name is a
particular name, such as 'avc3' or 'avc4', video decoder 30 may determine parameter set
data for video data of the sample only in the sample entry for the sample that is not an
IDR access unit, the sample that is not an IDR access unit itself, the previous sample
that is an IDR access unit, or the samples after the previous sample that is an IDR access
unit and before the sample itself, i.e., before the sample that is not an IDR access unit.
Hence, the parameter set data may be decoded in this manner based on determining that
the sample is not an IDR access unit and further based on an entry name of the sample,
such as the sample entry name being a particular name or one of a set of particular
names, e.g., 'avc3' or 'aved'. If the sample entry name is not a particular name, the
placement or determination of the parameter set data may be handled differently.
[0107] In another example, according to aspects of this disclosure, video encoder 20,
encapsulation unit 21, decapsulation unit 29, and/or video decoder 30, as examples, may
conform to an updated version of Section 4.8 of the AVC file format, as follows:
4.8 Sync sample (IDR)
A sample is considered as a sync sample if [[ALL of the following

conditions are met]] the video data NAL units in the sample indicate that the
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primary picture contained in the sample is an instantaneous decoding refresh
(IDR) picture.
e  When the sample entry name is 'avc3' or 'avc4', the following applies:

1. If the sample is [[an IDR access unit]] a sync sample, all parameter

sets needed for decoding that sample shall be included either in the
sample entry or in the sample itself.

2. Otherwise (the sample is not [[an IDR access unit]] a_ sync sample),

all parameter sets needed for decoding the sample shall be included

either in the sample entry or in any of the samples since the previous

[[random access point]] sync sample to the sample itself, inclusive.
[0108] Again, the same change applies to Sections 6.5.5 and 7.5.3 of the ISOBMFF
(both having the same title as Section 4.8) for the SVC file format and the MVC file
format, respectively. In this example, video encoder 20, encapsulation unit 21,
decapsulation unit 29, and/or video decoder 30, or other devices, may be configured to
determine that the sample is a sync sample if the video data NAL units in the sample
indicate that that primary picture contained in the sample is an IDR picture. Video
encoder 20, encapsulation unit 21, decapsulation unit 29, and/or video decoder 30, or
other devices, may be further configured such that, if the sample is a sync sample, all
parameter sets needed for decoding that sync sample are included (e.g., by video
encoder 20, encapsulation unit 21, decapsulation unit 29, and/or video decoder 30, or
another device) either in the sample entry for the sync sample or in the sync sample
itself. Hence, with all parameter sets needed for decoding the sync sample included in
this manner, video decoder 30 may determine parameter set data for video data of the
sync sample only in the sample entry for the sample or the sample itself. Determining
parameter set data may refer, for example, to parsing, decoding, retrieving or otherwise
obtaining parameter set data.
[0109] In this example, all of the parameter sets needed for decoding the sync sample
are included in the sample entry for the sync sample or the sync sample itself.
Therefore, the parameter set data for decoding the video data of the sync sample is
included only in the sample entry of the sync sample or the sync sample itself.
Likewise, to decode the video data of the sync sample, all of the parameter set data

needed to decode the video data of the sync sample is determined from the sample entry
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of the sync sample or the sync sample itself. Therefore, for decoding, parameter set
data for the video data is determined by decoder 30 only from the sample entry of the
sync sample or the sync sample itself.

[0110] In addition, in this example, video encoder 20, encapsulation unit 21,
decapsulation unit 29, and/or video decoder 30, or other devices, may be configured
such that, if the sample is not a sync sample, all parameter sets needed for decoding the
sample are included either in the sample entry for the sample or in any of the samples
since the previous sync sample to the sample itself, inclusive. That is, if the sample is
not a sync sample, all parameter sets needed for decoding the sample that is not a sync
sample are included e.g., encoded, stored or otherwise placed, either in the sample entry
for the sample that is not a sync sample, the sample that is not a sync sample itself, the
previous sync sample, or one or more samples after the previous sync sample and before
the sample itself, i.e., before the sample that is not a sync sample. The sample that is
not a sync sample also may be referred to as a non-sync sample. With all parameter sets
needed for decoding the non-sync sample included in this manner, video decoder 30
may determine parameter set data for video data of the non-sync sample only from the
sample entry for the sample, the sample itself, a previous sync sample, or from samples
occurring between the non-sync sample and the previous sync sample.

[0111] In this example, all of the parameter sets needed for decoding the non-sync
sample are included in the sample entry for the non-sync sample, the non-sync sample
itself, a previous sample that is a sync sample, or in samples occurring between the non-
sync sample and the previous sync sample. Therefore, the parameter set data for
decoding the video data of the non-sync sample is included only in the sample entry for
the non-sync sample, the non-sync sample itself, a previous sample that is a sync
sample, or in samples occurring between the non-sync sample and the previous sync
sample. Likewise, to decode the video data of the non-sync sample, all of the parameter
set data needed to decode the video data of the non-sync sample is determined from the
sample entry for the non-sync sample, the non-sync sample itself, a previous sync
sample, or in samples occurring between the non-sync sample and the previous sync
sample. Therefore, to decode the video data of the non-sync sample, parameter set data

for the video data is determined only from the sample entry for the non-sync sample, the
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non-sync sample itself, a previous sync sample, or in samples occurring between the
non-sync sample and the previous sync sample.

[0112] In some examples, video encoder 20, encapsulation unit 21, decapsulation unit
29, and/or video decoder 30, or other devices, may be further configured such that, if the
sample is a sync sample and the sample entry name is a particular name, such as 'avc3'
or 'avc4', all parameter sets needed for decoding that sync sample are included, e.g.,
encoded, stored or otherwise placed, either in the sample entry for the sync sample or in
the sync sample itself. Hence, with all parameter sets needed for decoding the sample
included in this manner, if the sample is a sync sample and the sample entry name is a
particular name, such as 'avc3' or 'avc4', video decoder 30 may determine parameter set
data for video data of the sync sample only in the sample entry for the sync sample or
the sync sample itself. Hence, the parameter set data may be decoded in this manner
based on determining that the sample is a sync sample and further based on an entry
name of the sample, such as the sample entry name being a particular name or one of a
set of particular names, e.g., 'avc3' or 'avcd'. If the sample entry name is not a particular
name, the placement or determination of the parameter set data may be handled
differently.

[0113] In some examples, video encoder 20, encapsulation unit 21, decapsulation unit
29, and/or video decoder 30, or other devices, may be further configured such that, if the
sample is not a sync sample and the sample entry name is 'avc3' or 'avc4', all parameter
sets needed for decoding the sample are included, e.g., encoded, stored or otherwise
placed, either in the sample entry for the sample that is not a sync sample, the sample
that is not a sync sample itself, the previous sync sample, or the samples after the
previous sync sample and before the sample itself, i.e., before the sample that is not a
sync sample. Hence, with all parameter sets needed for decoding the sample included in
this manner, if the sample is not a sync sample and the sample entry name is a particular
name, such as 'ave3' or 'aved', video decoder 30 may determine parameter set data for
video data of the sample only in the sample entry for the sample that is not a sync
sample, the sample that is not a sync sample itself, the previous sync sample, or one or
more samples after the previous sync sample and before the sample itself, i.e., before
the sample that is not a sync sample. In this manner, the parameter set data may be

determined in this manner based on determining that the sample is not a sync sample



WO 2016/130808 PCT/US2016/017553
33

and further based on an entry name of the sample, such as the sample entry name being
a particular name or one of a set of particular names, e.g., 'avc3' or 'avc4'. If the sample
entry name is not a particular name, the placement or determination of the parameter set
data may be handled differently.

[0114] With respect to HEVC, in another example in accordance with the techniques of
this disclosure, video encoder 20, encapsulation unit 21, decapsulation unit 29, and/or
video decoder 30 may conform to an updated version of Section 8.4.3 of the HEVC file

format, where “random access point” is replaced with “sync sample,” as follows:

8.4.3 Sync sample

An HEVC sample is considered as a sync sample if the VCL
NAL units in the sample indicate that the coded picture contained in the
sample is an Instantaneous Decoding Refresh (IDR) picture, a Clean
Random Access (CRA) picture, or a Broken Link Access (BLA) picture.

When the sample entry name is 'hevl', the following applies:

e If the sample is a [[random access point]] sync sample, all
parameter sets needed for decoding that sample shall be included
either in the sample entry or in the sample itself.

e Otherwise (the sample is not a [[random access point]] sync
sample), all parameter sets needed for decoding the sample shall
be included either in the sample entry or in any of the samples
since the previous [[random access point]] sync sample to the
sample itself, inclusive.

[0115] In this example, video encoder 20, encapsulation unit 21, decapsulation unit 29,
and/or video decoder 30, or other devices, may be configured to determine that the
sample is a sync sample if the VCL NAL units in the sample indicate that the coded
picture contained in the sample is an Instantaneous Decoding Refresh (IDR) picture, a
Clean Random Access (CRA) picture, or a Broken Link Access (BLA) picture. Video
encoder 20, encapsulation unit 21, decapsulation unit 29, and/or video decoder 30, or

other devices, may be further configured such that, if the sample is a sync sample, all
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parameter sets needed for decoding video data of the sync sample are included either in
the sample entry for the sync sample or in the sync sample itself. Hence, with all
parameter sets needed for decoding the sync sample included in this manner, video
decoder 30 may determine, for the sync sample, parameter set data for video data of the
sample only from the sample entry for the sample or from the sample itself.
Determining parameter set data may refer, for example, to parsing, decoding, retrieving
or otherwise obtaining parameter set data.

[0116] In this example, all of the parameter sets needed for decoding the sync sample
are included in the sample entry for the sync sample or the sync sample itself.
Therefore, the parameter set data for decoding the video data of the sync sample is
included only in the sample entry of the sync sample or the sync sample itself.
Likewise, to decode the video data of the sync sample, all of the parameter set data
needed to decode the video data of the sync sample is determined from the sample entry
of the sync sample or the sync sample itself. Therefore, for decoding, parameter set
data for the video data is determined, e.g., by video decoder 30, only from the sample
entry of the sync sample or the sync sample itself.

[0117] In this example, video encoder 20, encapsulation unit 21, decapsulation unit 29,
and/or video decoder 30, or other devices, may be configured such that, if the sample is
not a sync sample, all parameter sets needed for decoding the sample are included either
in the sample entry for the sample or in any of the samples since the previous sync
sample to the sample itself, inclusive. That is, if the sample is not a sync sample, all
parameter sets needed for decoding the sample are included either in the sample entry
for the sample that is not a sync sample, the sample that is not a sync sample itself, the
previous sync sample, or the samples after the previous sync sample and before the
sample itself, i.e., before the sample that is not a sync sample,. The sample that is not a
sync sample also may be referred to as a non-sync sample. Hence, with all parameter
sets needed for decoding the non-sync sample included in this manner, video decoder 30
may determine parameter set data for decoding video data of the non-sync sample only
from the sample entry for the non-sync sample, the non-sync sample itself, the previous
sync sample, or from one or more samples occurring between the non-sync sample and

the previous sync sample.
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[0118] In this example, all of the parameter sets needed for decoding the non-sync
sample are included in the sample entry for the non-sync sample, the non-sync sample
itself, a previous sample that is a sync sample, or in samples occurring between the non-
sync sample and the previous sync sample. Therefore, the parameter set data for
decoding the video data of the non-sync sample is included only in the sample entry for
the non-sync sample, the non-sync sample itself, a previous sample that is a sync
sample, or in samples occurring between the non-sync sample and the previous sync
sample. Likewise, to decode the video data of the non-sync sample, all of the parameter
set data needed to decode the video data of the non-sync sample is determined from the
sample entry for the non-sync sample, the non-sync sample itself, a previous sync
sample, or from samples occurring between the non-sync sample and the previous sync
sample. Therefore, to decode the video data of the non-sync sample, parameter set data
for the video data is determined, e.g., by video decoder 30, only from the sample entry
for the non-sync sample, the non-sync sample itself, a previous sync sample, or from
one or more samples occurring between the non-sync sample and the previous sync
sample.

[0119] In some examples, video encoder 20, encapsulation unit 21, decapsulation unit
29, and/or video decoder 30, or other devices, may be further configured such that, if the
sample is a sync sample and the sample entry name is a particular name, such as 'hevl’',
all parameter sets needed for decoding that sync sample are included, e.g., encoded,
stored or otherwise placed, either in the sample entry for the sample or in the sample
itself. Hence, with all parameter sets needed for decoding the sample included in this
manner, if the sample is a sync sample and the sample entry name is a particular name,
such as 'hev1', video decoder 30 may determine parameter set data for decoding video
data of the sample only in the sample entry for the sync sample or the sync sample
itself. Hence, the parameter set data may be determined in this manner based on
determining that the sample is a sync sample and further based on an entry name of the
sample, such as the sample entry name being a particular name or one of a set of
particular names, e.g., 'hevl'. If the sample entry name is not a particular name, the
placement of parameter set data may be handled differently.

[0120] In some examples, video encoder 20, encapsulation unit 21, decapsulation unit

29, and/or video decoder 30, or other devices, may be further configured such that, if the
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sample is not a sync sample and the sample entry name is 'hev1', all parameter sets
needed for decoding that sync sample are included, e.g., encoded, stored or otherwise
placed, either in the sample entry for the sample that is not a sync sample, the sample
that is not a sync sample itself, the previous sync sample, or one or more samples after
the previous sync sample and before the sample itself, i.e., before the sample that is not
a sync sample. Hence, with all parameter sets needed for decoding the sample included
in this manner, if the sample is not a sync sample (i.e., it is a non-sync sample) and the
sample entry name is a particular name, such as 'hev1’, video decoder 30 may determine
parameter set data for decoding video data of the non-sync sample only in the sample
entry for the non-sync sample, the non-sync sample itself, the previous sync sample, or
one or more samples after the previous sync sample and before the non-sync sample
itself, i.e., before the sample that is not a sync sample. Hence, the parameter set data
may be decoded in this manner based on determining that the sample is not a sync
sample and further based on an entry name of the sample, such as the sample entry
name being a particular name or one of a set of particular names, e.g., 'hevl'. If the
sample entry name is not a particular name, the determination of parameter set data may
be handled differently.

[0121] Other aspects of this disclosure relate to determining whether a sample is a sync
sample. For example, according to aspects of this disclosure, the definition of a sync
sample in the layered HEVC file format for a layered-HEVC bitstream may be updated
to be aligned and backward compatible to that in HEVC file format. In general, a
generic name, layered-HEVC (L-HEVC), may be used for all HEVC extensions that use
the same layered design. An L-HEVC bitstream may be a collection of layers where
each layer helps to scale the visual presentation in quality, resolution, frame rate, views,
depth, and such. A collection of related layers are grouped together as layer sets. A
layer in any layer set is uniquely identified by their layer identifier (L-1d). A layer may
be a member of one or more layer sets. NAL units belonging to a layer can be further
partitioned based on their temporal identifier (T-id). Each such partition is called a sub-
layer.

[0122] In the HEVC file format, an HEVC sample may be considered a sync sample if
the VCL NAL units in the sample indicate that the coded picture contained in the
sample is an IDR picture, a CRA picture, or a BLA picture. However, in the draft L-
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HEVC file format, an L-HEVC sample may be considered a sync sample if each coded
pictures in the access unit is an intra-random access point (IRAP) picture without
Random Access Skipped Leading (RASL) picture. For example, SHVC and MV-
HEVC both use the same layered design.

[0123] In the example above, the definition of sync sample in the draft layered HEVC
file format may not be aligned with that in the HEVC file format, with the mismatch
being whether the presence of RASL pictures for an IRAP picture would disallow the
sample from being a sync sample. This mismatch may create an issue in which the
definition of sync sample in the L-HEVC file format is not backward compatible to the
HEVC file format when an HEVC compatible sample entry, i.e., one of ‘hvcl’, ‘hevl’,
‘hvc2’, and ‘hev2,’ isin use.

[0124] According to aspects of this disclosure, video encoder 20, encapsulation unit 21,
decapsulation unit 29, and/or video decoder 30 may be configured to conform to an
updated definition of sync sample in the L-HEVC file format to be aligned and
backward compatible to that in HEVC file format. For example, depending on the
sample entry name, a sync sample for the L-HEVC file format is defined as follows:

— When the sample entry name is ‘hvcl’, ‘hevl’, ‘hvc2’, or ‘hev2’, an L-HEVC
sample is considered as a sync sample if the base layer picture in the access unit
is an IRAP picture as defined in ISO/IEC 23008-2.

— When the sample entry name is 'lhv1' or 'lhel’, an L-HEVC sample is considered
as a sync sample if each coded picture in the access unit is an IRAP picture as
defined in ISO/IEC 23008-2.

[0125] Alternatively, regardless of the same entry name, video encoder 20,
encapsulation unit 21, decapsulation unit 29, and/or video decoder 30 may be
configured to determine that an L-HEVC sample is a sync sample if the base layer
picture in the access unit is an IRAP picture as defined in ISO/IEC 23008-2.

[0126] Alternatively, regardless of the same entry name, video encoder 20,
encapsulation unit 21, decapsulation unit 29, and/or video decoder 30 may be
configured to determine that an L-HEVC sample is a sync sample if each coded picture
in the access unit is an IRAP picture as defined in ISO/IEC 23008-2. Sync samples are
documented by the sync sample table, and may be additionally documented by the

stream access point ‘sap.’ sample group.
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[0127] FIG. 2 is a block diagram illustrating an example video encoder 20 that may
implement the techniques described in this disclosure. Video encoder 20 may include
memory for storing video data and one or more processors configured to perform video
coding operations, such as operations to encode the video data, and operations to
include parameter set data for decoding samples in particular locations as described in
this disclosure. Video encoder 20 may be configured to output video to post processing
entity 27, which is another example device that may implement the techniques for
encoding video data as described in this disclosure. For example, post processing entity
27 may perform techniques for including parameter set data for decoding samples in
particular locations, and/or determining parameter set data for decoding samples from
particular locations, as described in this disclosure. Post processing entity 27 is
intended to represent an example of a video entity, such as a media aware network
element (MANE), a splicing/editing device or another intermediate device that may
process encoded video data from video encoder 20. In some instances, post processing
entity 27 may be an example of a network entity. In some video encoding systems,
post-processing entity 27 and video encoder 20 may be parts of separate devices, while
in other instances, the functionality described with respect to post-processing entity 27
may be performed by the same device that comprises video encoder 20.

[0128] Video encoder 20 may perform intra- and inter-coding of video blocks within
video slices. Intra-coding relies on spatial prediction to reduce or remove spatial
redundancy in video within a given video frame or picture. Inter-coding relies on
temporal prediction to reduce or remove temporal redundancy in video within adjacent
frames or pictures of a video sequence. Intra-mode (I mode) may refer to any of several
spatial based compression modes. Inter-modes, such as uni-directional prediction (P
mode) or bi-prediction (B mode), may refer to any of several temporal-based
compression modes.

[0129] In the example of FIG. 2, video encoder 20 includes a partitioning unit 35, video
memory 37, prediction unit 41, filter unit 63, reference picture memory 64, summer 50,
transform processing unit 52, quantization unit 54, and entropy encoding unit 56.
Prediction unit 41 includes motion estimation unit 42, motion compensation unit 44, and
intra prediction processing unit 46. Video memory 37 and reference picture memory 64

may be portions of the same memory device or separate memory devices. The memory
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device may be any form of computer-readable media or data storage media described in
this disclosure, such as RAM, ROM, Flash memory or the like, or combinations thereof.
For video block reconstruction, video encoder 20 also includes inverse quantization unit
58, inverse transform processing unit 60, and summer 62. Filter unit 63 is intended to
represent one or more loop filters such as a deblocking filter, an adaptive loop filter
(ALF), and a sample adaptive offset (SAO) filter. Although filter unit 63 is shown in
FIG. 2 as being an in-loop filter, in other configurations, filter unit 63 may be
implemented as a post-loop filter.

[0130] As shown in FIG. 2, video encoder 20 receives video data to be encoded, e.g., in
video memory 37, and partitioning unit 35 partitions the video data in video memory 37
into video blocks. This partitioning may also include partitioning into slices, tiles, or
other larger units, as wells as video block partitioning, e.g., according to a quadtree
structure of LCUs and CUs. Video encoder 20 generally illustrates the components that
encode video blocks within a video slice to be encoded. The slice may be divided into
multiple video blocks (and possibly into sets of video blocks referred to as tiles).
Prediction processing unit 41 may select one of a plurality of possible coding modes,
such as one of a plurality of intra coding modes or one of a plurality of inter coding
modes, for the current video block based on error results (e.g., coding rate and the level
of distortion). Prediction processing unit 41 may provide the resulting intra- or inter-
coded block to summer 50 to generate residual block data and to summer 62 to
reconstruct the encoded block for use as a reference picture.

[0131] Intra prediction processing unit 46 within prediction processing unit 41 may
perform intra-predictive coding of the current video block relative to one or more
neighboring blocks in the same frame or slice as the current block to be coded to
provide spatial compression. Motion estimation unit 42 and motion compensation unit
44 within prediction processing unit 41 perform inter-predictive coding of the current
video block relative to one or more predictive blocks in one or more reference pictures
to provide temporal compression.

[0132] Motion estimation unit 42 may be configured to determine the inter-prediction
mode for a video slice according to a predetermined pattern for a video sequence. The
predetermined pattern may designate video slices in the sequence as P slices or B slices.

Motion estimation unit 42 and motion compensation unit 44 may be highly integrated,
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but are illustrated separately for conceptual purposes. Motion estimation, performed by
motion estimation unit 42, is the process of generating motion vectors, which estimate
motion for video blocks. A motion vector, for example, may indicate the displacement
of a PU of a video block within a current video frame or picture relative to a predictive
block within a reference picture.

[0133] A predictive block is a block that is found to closely match the PU of the video
block to be coded in terms of pixel difference, which may be determined by sum of
absolute difference (SAD), sum of square difference (SSD), or other difference metrics.
In some examples, video encoder 20 may calculate values for sub-integer pixel positions
of reference pictures stored in reference picture memory 64. For example, video
encoder 20 may interpolate values of one-quarter pixel positions, one-eighth pixel
positions, or other fractional pixel positions of the reference picture. Therefore, motion
estimation unit 42 may perform a motion search relative to the full pixel positions and
fractional pixel positions and output a motion vector with fractional pixel precision.
[0134] Motion estimation unit 42 calculates a motion vector for a PU of a video block
in an inter-coded slice by comparing the position of the PU to the position of a
predictive block of a reference picture. The reference picture may be selected from a
first reference picture list (List 0) or a second reference picture list (List 1), each of
which identify one or more reference pictures stored in reference picture memory 64.
Motion estimation unit 42 sends the calculated motion vector to entropy encoding unit
56 and motion compensation unit 44.

[0135] Motion compensation, performed by motion compensation unit 44, may involve
fetching or generating the predictive block based on the motion vector determined by
motion estimation, possibly performing interpolations to sub-pixel precision. Upon
receiving the motion vector for the PU of the current video block, motion compensation
unit 44 may locate the predictive block to which the motion vector points in one of the
reference picture lists. Video encoder 20 forms a residual video block by subtracting
pixel values of the predictive block from the pixel values of the current video block
being coded, forming pixel difference values. The pixel difference values form residual
data for the block, and may include both luma and chroma difference components.
Summer 50 represents the component or components that perform this subtraction

operation. Motion compensation unit 44 may also generate syntax elements associated
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with the video blocks and the video slice for use by video decoder 30 in decoding the
video blocks of the video slice.

[0136] Intra-prediction unit 46 may intra-predict a current block, as an alternative to
the inter-prediction performed by motion estimation unit 42 and motion compensation
unit 44, as described above. In particular, intra-prediction unit 46 may determine an
intra-prediction mode to use to encode a current block. In some examples, intra-
prediction unit 46 may encode a current block using various intra-prediction modes,
e.g., during separate encoding passes, and intra-prediction unit 46 (or mode select unit
40, in some examples) may select an appropriate intra-prediction mode to use from the
tested modes, e.g., by calculating rate-distortion values using a rate-distortion analysis
for the various tested intra-prediction modes and selecting the intra-prediction mode
having the best rate-distortion characteristics among the tested modes.

[0137] In any case, after selecting an intra-prediction mode for a block, intra-prediction
unit 46 may provide information indicative of the selected intra-prediction mode for the
block to entropy encoding unit 56. Entropy encoding unit 56 may encode the
information indicating the selected intra-prediction mode in accordance with the
techniques of this disclosure. Video encoder 20 may include in the transmitted
bitstream configuration data, which may include a plurality of intra-prediction mode
index tables and a plurality of modified intra-prediction mode index tables (also referred
to as codeword mapping tables), definitions of encoding contexts for various blocks,
and indications of a most probable intra-prediction mode, an intra-prediction mode
index table, and a modified intra-prediction mode index table to use for each of the
contexts.

[0138] After prediction processing unit 41 generates the predictive block for the current
video block via either inter-prediction or intra-prediction, video encoder 20 forms a
residual video block by subtracting the predictive block from the current video block.
The residual video data in the residual block may be included in one or more TUs and
applied to transform processing unit 52. Transform processing unit 52 transforms the
residual video data into residual transform coefficients using a transform, such as a
discrete cosine transform (DCT) or a conceptually similar transform. Transform
processing unit 52 may convert the residual video data from a pixel domain to a

transform domain, such as a frequency domain.
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[0139] Transform processing unit 52 may send the resulting transform coefficients to
quantization unit 54. Quantization unit 54 quantizes the transform coefficients to
further reduce bit rate. The quantization process may reduce the bit depth associated
with some or all of the coefficients. The degree of quantization may be modified by
adjusting a quantization parameter. In some examples, quantization unit 54 may then
perform a scan of the matrix including the quantized transform coefficients.
Alternatively, entropy encoding unit 56 may perform the scan.

[0140] Following quantization, entropy encoding unit 56 entropy encodes the quantized
transform coefficients. For example, entropy encoding unit 56 may perform context
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding
(CABAC), syntax-based context-adaptive binary arithmetic coding (SBAC), probability
interval partitioning entropy (PIPE) coding or another entropy encoding methodology or
technique. Following the entropy encoding by entropy encoding unit 56, the encoded
bitstream may be transmitted to video decoder 30, or archived for later transmission or
retrieval by video decoder 30. Entropy encoding unit 56 may also entropy encode the
motion vectors and the other syntax elements for the current video slice being coded.
[0141] Inverse quantization unit 58 and inverse transform processing unit 60 apply
inverse quantization and inverse transformation, respectively, to reconstruct the residual
block in the pixel domain for later use as a reference block of a reference picture.
Motion compensation unit 44 may calculate a reference block by adding the residual
block to a predictive block of one of the reference pictures within one of the reference
picture lists. Motion compensation unit 44 may also apply one or more interpolation
filters to the reconstructed residual block to calculate sub-integer pixel values for use in
motion estimation. Summer 62 adds the reconstructed residual block to the motion
compensated prediction block produced by motion compensation unit 44 to produce a
reference block for storage in reference picture memory 64. The reference block may
be used by motion estimation unit 42 and motion compensation unit 44 as a reference
block to inter-predict a block in a subsequent video frame or picture.

[0142] In this manner, video encoder 20 of FIG 2 represents an example of a video
encoder configured to implement one or more of the techniques set forth herein. In one
example, entropy encoding unit 56 may perform the techniques described herein with

respect to parameter sets and sync samples. Furthermore, post processing entity 27 of
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FIG. 2 is another example device that may implement the techniques described in this
disclosure with respect to parameter sets and sync samples.

[0143] FIG. 3 is a block diagram illustrating an example video decoder 30 that may
implement the techniques described in this disclosure. Video decoder 30 may include
memory for storing video data and one or more processors configured to perform video
coding operations, such as operations to decode the video data, and operations to
determine parameter set data for decoding samples from particular locations as
described in this disclosure. In the example of FIG. 3, video decoder 30 includes an
entropy decoding unit 80, video memory 83, prediction processing unit 81, inverse
quantization unit 86, inverse transformation unit 88, summer 90, filter unit 91, and
reference picture memory 92. Prediction processing unit 81 includes motion
compensation unit 82 and intra prediction processing unit 84. Video decoder 30 may, in
some examples, perform a decoding pass generally reciprocal to the encoding pass
described with respect to video encoder 20 from FIG. 2.

[0144] During the decoding process, video decoder 30 receives an encoded video
bitstream that represents video blocks of an encoded video slice and associated syntax
elements from video encoder 20. For example, video memory 83 may receive the
encoded video bitstream. In some examples, video memory 83 may be a coded picture
buffer. Video decoder 30 may receive the encoded video bitstream, e.g., via video
memory 83, from network entity 79 (which may, in some examples, correspond to
router 36 of FIG 1). Network entity 79 may, for example, be a server, a MANE, a video
editor/splicer, or other such device configured to implement one or more of the
techniques for decoding video data described above. Network entity 79 may or may not
include a video encoder, such as video encoder 20. Some of the techniques described in
this disclosure may be implemented by network entity 79 prior to network entity 79
transmitting the encoded video bitstream to video decoder 30. In some examples,
network entity 79 may perform techniques for including parameter set data for decoding
samples in particular locations, and/or determining parameter set data for decoding
samples from particular locations, as described in this disclosure. In some video
decoding systems, network entity 79 and video decoder 30 may be parts of separate
devices, while in other instances, the functionality described with respect to network

entity 79 may be performed by the same device that comprises video decoder 30.
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[0145] Entropy decoding unit 80 of video decoder 30 entropy decodes the bitstream to
generate quantized coefficients, motion vectors, and other syntax elements. Entropy
decoding unit 80 forwards the motion vectors and other syntax elements to prediction
processing unit 81. Video decoder 30 may receive the syntax elements at the video slice
level and/or the video block level.

[0146] When the video slice is coded as an intra-coded (I) slice, intra prediction
processing unit 84 of prediction processing unit 81 may generate prediction data for a
video block of the current video slice based on a signaled intra prediction mode and data
from previously decoded blocks of the current frame or picture. When the video frame
is coded as an inter-coded (i.e., B or P) slice, motion compensation unit 82 of prediction
processing unit 81 produces predictive blocks for a video block of the current video
slice based on the motion vectors and other syntax elements received from entropy
decoding unit 80. The predictive blocks may be produced from one of the reference
pictures within one of the reference picture lists. Video decoder 30 may construct the
reference frame lists, List O and List 1, using default construction techniques based on
reference pictures stored in reference picture memory 92.

[0147] Motion compensation unit 82 determines prediction information for a video
block of the current video slice by parsing the motion vectors and other syntax elements,
and uses the prediction information to produce the predictive blocks for the current
video block being decoded. For example, motion compensation unit 82 uses some of
the received syntax elements to determine a prediction mode (e.g., intra- or inter-
prediction) used to code the video blocks of the video slice, an inter-prediction slice
type (e.g., B slice or P slice), construction information for one or more of the reference
picture lists for the slice, motion vectors for each inter-encoded video block of the slice,
inter-prediction status for each inter-coded video block of the slice, and other
information to decode the video blocks in the current video slice.

[0148] Motion compensation unit 82 may also perform interpolation based on
interpolation filters. Motion compensation unit 82 may use interpolation filters as used
by video encoder 20 during encoding of the video blocks to calculate interpolated values
for sub-integer pixels of reference blocks. In this case, motion compensation unit 82
may determine the interpolation filters used by video encoder 20 from the received

syntax elements and use the interpolation filters to produce predictive blocks.
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[0149] Inverse quantization unit 86 inverse quantizes, i.e., de-quantizes, the quantized
transform coefficients provided in the bitstream and decoded by entropy decoding unit
80. The inverse quantization process may include use of a quantization parameter
calculated by video encoder 20 for each video block in the video slice to determine a
degree of quantization and, likewise, a degree of inverse quantization that should be
applied. Inverse transform processing unit 88 applies an inverse transform, e.g., an
inverse DCT, an inverse integer transform, or a conceptually similar inverse transform
process, to the transform coefficients in order to produce residual blocks in the pixel
domain.

[0150] After motion compensation unit 82 generates the predictive block for the current
video block based on the motion vectors and other syntax elements, video decoder 30
forms a decoded video block by summing the residual blocks from inverse transform
processing unit 88 with the corresponding predictive blocks generated by motion
compensation unit 82. Summer 90 represents the component or components that
perform this summation operation.

[0151] If desired, loop filters (either in the coding loop or after the coding loop) may
also be used to smooth pixel transitions, or otherwise improve the video quality. Filter
unit 91 is intended to represent one or more loop filters such as a deblocking filter, an
adaptive loop filter (ALF), and a sample adaptive offset (SAO) filter. Although filter
unit 91 is shown in FIG. 3 as being an in-loop filter, in other configurations, filter unit
91 may be implemented as a post-loop filter. The decoded video blocks in a given
frame or picture are then stored in reference picture memory 92, which stores reference
pictures used for subsequent motion compensation. Reference picture memory 92 also
stores decoded video for later presentation on a display device, such as display device
31 of FIG. 1. Reference picture memory 92 may be referred to as a decoded picture
buffer. Video memory 83 and reference picture memory 92 may be portions of the
same memory device or separate memory devices. The memory device may be any
form of computer-readable media or data storage media described in this disclosure,
such as RAM, ROM, Flash memory or the like, or combinations thereof.

[0152] In this manner, video decoder 30 of FIG 3 represents an example of a video
encoder configured to implement one or more of the techniques set forth herein. In one

example, entropy decoding unit 80 may perform the techniques described herein with
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respect to parameter sets and sync samples. Furthermore, network entity 79 of FIG. 3
(which may be a media aware network element) is another example device that may
implement the techniques described in this disclosure with respect to parameter sets and
sync samples.

[0153] FIG. 4 is a block diagram illustrating elements of an example video file 150.
Video file 150 may be said to encapsulate a segment. As described herein, video files in
accordance with the ISO base media file format (ISOBMFF) and extensions thereof
store data in a series of objects, referred to as “boxes.” In the example of FIG. 4, video
file 150 includes file type (FTYP) box 152, movie (MOOV) box 154, segment index
(sidx) boxes 162, movie fragment (MOOQOF) boxes 164, and movie fragment random
access (MFRA) box 166. Although FIG. 4 represents an example of a video file, it
should be understood that other media files may include other types of media data (e.g.,
audio data, timed text data, or the like) that is structured similarly to the data of video
file 150, in accordance with the ISO base media file format and its extensions.

[0154] File type (FTYP) box 152 generally describes a file type for video file 150. File
type box 152 may include data that identifies a specification that describes a best use for
video file 150. File type box 152 may alternatively be placed before MOOYV box 154,
movie fragment boxes 164, and/or MFRA box 166.

[0155] MOOYV box 154, in the example of FIG. 4, includes movie header (MVHD) box
156, track (TRAK) box 158, and one or more movie extends (MVEX) boxes 160. In
general, MVHD box 156 may describe general characteristics of video file 150. For
example, MVHD box 156 may include data that describes when video file 150 was
originally created, when video file 150 was last modified, a timescale for video file 150,
a duration of playback for video file 150, or other data that generally describes video
file 150.

[0156] TRAK box 158 may include data for a track of video file 150. TRAK box 158
may include a track header (TKHD) box that describes characteristics of the track
corresponding to TRAK box 158. In some examples, TRAK box 158 may include
coded video pictures, while in other examples, the coded video pictures of the track may
be included in movie fragments 164, which may be referenced by data of TRAK box
158 and/or sidx boxes 162.
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[0157] In some examples, video file 150 may include more than one track.
Accordingly, MOOV box 154 may include a number of TRAK boxes equal to the
number of tracks in video file 150. TRAK box 158 may describe characteristics of a
corresponding track of video file 150. For example, TRAK box 158 may describe
temporal and/or spatial information for the corresponding track. A TRAK box similar to
TRAK box 158 of MOOV box 154 may describe characteristics of a parameter set
track, when encapsulation unit 21 (FIG 1) includes a parameter set track in a video file,
such as video file 150.

[0158] For example, a sync sample in a parameter set track may indicate that all
parameter sets needed from that decoding time forward in the video elementary stream
are in that or succeeding parameter stream samples. There may also be a parameter set
sample at each point a parameter set is updated. Each parameter set may contain the
sequence and picture parameter sets needed to decode the relevant section of the video
elementary stream. Encapsulation unit 21 may signal the presence of sequence level
SEI messages in the parameter set track within the TRAK box describing the parameter
set track.

[0159] MVEX boxes 160 may describe characteristics of corresponding movie
fragments 164, e.g., to signal that video file 150 includes movie fragments 164, in
addition to video data included within MOOV box 154, if any. In the context of
streaming video data, coded video pictures may be included in movie fragments 164
rather than in MOOYV box 154. Accordingly, all coded video samples may be included
in movie fragments 164, rather than in MOOV box 154.

[0160] MOOYV box 154 may include a number of MVEX boxes 160 equal to the
number of movie fragments 164 in video file 150. Each of MVEX boxes 160 may
describe characteristics of a corresponding one of movie fragments 164. For example,
each MVEX box may include a movie extends header box (MEHD) box that describes a
temporal duration for the corresponding one of movie fragments 164.

[0161] As noted above, encapsulation unit 21 may store a sequence data set in a video
sample that does not include actual coded video data. A video sample may generally
correspond to an access unit, which is a representation of one or more coded pictures at
a specific time instance. In the context of AVC, the coded picture includes one or more

VCL NAL units which contains the information to construct all the pixels of the access
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unit and other associated non-VCL NAL units, such as SEI messages. Accordingly,
encapsulation unit 21 may include a sequence data set, which may include sequence
level SEI messages, in one of movie fragments 164. Encapsulation unit 21 may further
signal the presence of a sequence data set and/or sequence level SEI messages as being
present in one of movie fragments 164 within the one of MVEX boxes 160
corresponding to the one of movie fragments 164.

[0162] SIDX boxes 162 are optional elements of video file 150. That is, video files
conforming to the 3GPP file format, or other such file formats, do not necessarily
include SIDX boxes 162. In accordance with the example of the 3GPP file format, a
SIDX box may be used to identify a sub-segment of a segment (e.g., a segment
contained within video file 150). The 3GPP file format defines a sub-segment as “a
self-contained set of one or more consecutive movie fragment boxes with corresponding
Media Data box(es) and a Media Data Box containing data referenced by a Movie
Fragment Box must follow that Movie Fragment box and precede the next Movie
Fragment box containing information about the same track.” The 3GPP file format also
indicates that a SIDX box “contains a sequence of references to subsegments of the
(sub)segment documented by the box. The referenced subsegments are contiguous in
presentation time. Similarly, the bytes referred to by a Segment Index box are always
contiguous within the segment. The referenced size gives the count of the number of
bytes in the material referenced.”

[0163] SIDX boxes 162 generally provide information representative of one or more
sub-segments of a segment included in video file 150. For instance, such information
may include playback times at which sub-segments begin and/or end, byte offsets for
the sub-segments, whether the sub-segments include (e.g., start with) a SAP, a type for
the SAP (e.g., whether the SAP is an IDR picture, a CRA picture, a BLA picture, or the
like), a position of the SAP (in terms of playback time and/or byte offset) in the sub-
segment, and the like.

[0164] Movie fragments 164 may include one or more coded video pictures. In some
examples, movie fragments 164 may include one or more GOPs, each of which may
include a number of coded video pictures. In addition, as described above, movie
fragments 164 may include sequence data sets in some examples. Each of movie

fragments 164 may include a movie fragment header box (MFHD, not shown in FIG.
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4). The MFHD box may describe characteristics of the corresponding movie fragment,
such as a sequence number for the movie fragment. Movie fragments 164 may be
included in order of sequence number in video file 150.

[0165] MFRA box 166 may describe random access points within movie fragments 164
of video file 150. This may assist with performing trick modes, such as performing
seeks to particular temporal locations (i.e., playback times) within a segment
encapsulated by video file 150. MFRA box 166 is generally optional and need not be
included in video files, in some examples. Likewise, a client device, such as destination
device 14, does not necessarily need to reference MFRA box 166 to correctly decode
and display video data of video file 150. MFRA box 166 may include a number of track
fragment random access (TFRA) boxes (not shown) equal to the number of tracks of
video file 150, or in some examples, equal to the number of media tracks (e.g., non-hint
tracks) of video file 150.

[0166] In some examples, movie fragments 164 may include one or more SAPs, such as
IDR pictures. Likewise, MFRA box 166 may provide indications of locations within
video file 150 of the SAPs. Accordingly, a temporal sub-sequence of video file 150
may be formed from SAPs of video file 150. The temporal sub-sequence may also
include other pictures, such as P-frames and/or B-frames that depend from SAPs.
Frames and/or slices of the temporal sub-sequence may be arranged within the segments
such that frames/slices of the temporal sub-sequence that depend on other frames/slices
of the sub-sequence can be properly decoded. For example, in the hierarchical
arrangement of data, data used for prediction for other data may also be included in the
temporal sub-sequence.

[0167] According to the techniques of this disclosure, a video decoder (such as
decapsulation unit 29 and/or video decoder 30 (FIG. 1) may be configured to determine
parameter set data based on samples or sample entries of video data. For example,
decapsulation unit 29 and/or video decoder 30 may be configured to determine whether
a sample of video data included in movie fragments 164 is a sync sample. In some
examples, decapsulation unit 29 and/or video decoder 30 may determine whether such
samples are sync samples according to the ISOBMFF, e.g., based on conditions set forth
in Section 4.8 (AVC), Section 6.5.5 (SVC), Section 7.5.3 (MVC) and Section 8.4.3
(HEVC) of the ISOBMFF. Decapsulation unit 29 and/or video decoder 30 may



WO 2016/130808 PCT/US2016/017553
50

evaluate such conditions based on the samples themselves or based on descriptions
associated with MRFA box 166.

[0168] Decapsulation unit 29 and/or video decoder 30 may determine parameter set
data, for decoding video data of a sample, differently for samples that are sync samples
than for samples that are not sync samples. For example, decapsulation unit 29 and/or
video decoder 30 may be configured to determine parameter set data for sync samples
only from a sample entry associated with the sample or from the sample itself. On the
other hand, decapsulation unit 29 and/or video decoder 30 may be configured to decode
parameter set data for non-sync samples only from a sample entry associated with the
non-sync sample, from the non-sync sample itself, from a sync sample prior to the non-
sync sample in decoding order, or from samples occurring prior to the non-sync sample
in decoding order but after the previous sync sample in decoding order.

[0169] FIG. 5 is a flow diagram illustrating a process for decoding parameter set data
from a video bitstream. While described with respect to video decoder 30 (FIGS. 1 and
3) for purposes of illustration, it should be understood that the process of FIG. 5, or
portions thereof, may also be executed by decapsulation unit 29 (FIG. 1), network entity
79 (FIG. 3), or other processing units configured to parse and/or decode video data.

For example, decapsulation unit 29 or network entity 79 may perform techniques for
including parameter set data for decoding samples in particular locations, or
determining parameter set data for decoding samples from particular locations, as
described in this disclosure and illustrated in FIG. 5.

[0170] In the example of FIG. 5, video decoder 30 may receive a file of video data that
includes one or more samples of video data (180). For example, the file may conform
to the ISOBMFF, as described herein. In addition, the one or more samples each may
correspond to an access unit of video data.

[0171] Video decoder 30 may determine whether any samples of the one or more
samples are sync samples (182). For example, prior to decoding the video data of the
samples, video decoder 30 may analyze the bitstream that contains the samples to
ensure conformance to a particular video coding standard. Video decoder 30 may
determine whether any of the samples may be processed as sync samples, as defined by
the particular coding standard. In an example for purposes of illustration, video decoder

30 may determine whether any of the samples are sync samples based on the constraints
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set forth in Section 4.8 (AVC), Section 6.5.5 (SVC), Section 7.5.3 (MVC) and Section
8.4.3 (HEVC) of the ISOBMFF.

[0172] Based on determining that a sample is not a sync sample, i.e., that the sample is
a non-sync sample, video decoder 30 or another device may determine (e.g., by parsing,
decoding, retrieving or otherwise obtaining) parameter set data for the non-sync sample
only from the sample entry corresponding to the non-sync sample, the non-sync sample
itself, a previous sample that occurs before the non-sync sample in decoding order and
is a sync sample, or from one or more samples occurring between the non-sync sample
and the previous sync sample in decoding order (184). For example, video decoder 30
may be constrained to certain locations of the bitstream from which parameter set data
for the sample may be decoded. For a given bitstream having samples arranged in
decoding order, video decoder 30 may not decode parameter set data of video data for a
non-sync sample from any location other than the sample entry corresponding to the
non-sync sample, the non-sync sample itself, a previous sample decoded as a sync
sample in decoding order before the non-sync sample, or from samples that occur prior
to the non-sync sample in decoding order but that follow the previous sample decoded
as a sync sample in decoding order. All parameter set data needed for decoding the
video data of the non-sync sample is included in the sample entry corresponding to the
non-sync sample, the non-sync sample itself, a previous sample decoded as a sync
sample in decoding order before the non-sync sample, or in samples that occur prior to
the non-sync sample in decoding order but that follow the previous sample decoded as a
sync sample in decoding order.

[0173] In other words, for a current sample that is not a sync sample, video decoder 30
may determine parameter set data that is included only in the sample entry for the non-
sync sample or in any of the samples since the previous sync sample to the current non-
sync sample, inclusive, i.e., including the previous sync sample, the samples after the
previous sync sample but before the current non-sync sample, and including the current
non-sync sample. Video decoder 30 may be configured to determine the parameter set
data for a non-sync sample from only these constrained locations because, if the sample
is not a sync sample, all parameter sets needed for decoding the sample may be included
either in the sample entry for the sample or in any of the samples since the previous

sync sample to the sample itself, inclusive. For example, video encoder 20,
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encapsulation unit 21, decapsulation unit 29, and/or video decoder 30, or other devices,
may be configured such that, if the sample is not a sync sample, all parameter sets
needed for decoding the sample are included either in the sample entry for the sample or
in any of the samples since the previous sync sample to the sample itself, inclusive.
[0174] Based on determining that a sample is a sync sample, video decoder 30 may
determine parameter set data for the sample only from the sample entry for the sync
sample or the sync sample itself (185). All parameter set data needed for decoding the
video data of the sync sample is included in the sample entry corresponding to the sync
sample or the sync sample itself. Hence, for a sync sample, video decoder 30 may
determine parameter set data for the sync sample only in the sample entry or the sample
itself, and not in other samples or locations. Video decoder 30 may be configured to
determine (e.g., by parsing, decoding, retrieving or otherwise obtaining) the parameter
set data for a non-sync sample from only these constrained locations because, if the
sample is a sync sample, all parameter sets needed for decoding the sync sample are
included either in the sample entry for the sample or in the sample itself. For example,
video encoder 20, encapsulation unit 21, decapsulation unit 29, and/or video decoder 30,
or other devices, may be configured such that, if the sample is a sync sample, all
parameter sets needed for decoding the sample are included either in the sample entry
for the sample or in the sample itself. Video decoder 30 may then decode the video data
of the sample based on the determined parameter set data (186). The previous sync
sample may be the most recent sync sample in decoding order. In some examples,
video decoder 30 may discard previously stored parameter sets upon receipt of a new
sync sample.

[0175] FIG. 6 is a flow diagram illustrating a process for encoding parameter set data in
a video bitstream. While described with respect to video encoder 20 (FIGS. 1 and 2) for
purposes of illustration, it should be understood that the process of FIG. 6, or portions
thereof, may also be executed by encapsulation unit 21 (FIG. 1), post-processing entity
27 (FIG. 2), or other processing units or devices configured to generate, encode and/or
process video data. For example, encapsulation unit 21 or post-processing entity 27
may perform techniques for including parameter set data for decoding samples in

particular locations, as described in this disclosure and illustrated in FIG. 6.
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[0176] In the example of FIG. 6, video encoder 20 may encode samples of video data
based on parameter set data for the samples (190). An encoded sample may correspond
to an access unit of video data. Video encoder 20 may encode samples of the one or
more samples as sync samples or non-sync samples, as defined by a particular video
coding standard. Video encoder 20 may generate a bitstream that contains the samples
to ensure conformance to the particular video coding standard. For a sync sample
defined based on the constraints set forth in Section 4.8 (AVC), Section 6.5.5 (SVC),
Section 7.5.3 (MVC) and Section 8.4.3 (HEVC) of the ISOBMFF, video encoder 20 or
another device may include all parameter set data, needed for decoding the sync sample,
in the sample entry corresponding to the sync sample or in the sync sample itself (192).
In this manner, video encoder 20 or another device may include parameter set data, for
use in decoding the sync sample, only in the sample entry corresponding to the sync
sample or in the sync sample itself.

[0177] For a non-sync sample, as defined based on the constraints set forth in Section
4.8 (AVC), Section 6.5.5 (SVC), Section 7.5.3 (MVC) and Section 8.4.3 (HEVC) of the
ISOBMFF, video encoder 20 or another device may include all parameter set data for
the non-sync sample in the sample entry corresponding to the non-sync sample, in the
non-sync sample itself, in a prior sync sample that is prior to the non-sync sample in
decoding order, or in samples occurring before the non-sync sample and after the prior
sync sample in decoding order (194). In this manner, video encoder 20 or another
device may include parameter set data, for use in decoding the sync sample, only in the
sample entry corresponding to the non-sync sample, the non-sync sample itself, a prior
sync sample in decoding order, or in samples occurring before the non-sync sample and
after the prior sync sample in decoding order. Accordingly, video encoder 20 may
constrain parameter set data for the sample to certain locations such that video decoder
30 may not decode parameter set data for a non-sync sample from any location other
than the sample entry corresponding to the non-sync sample, the non-sync sample itself,
a previous sample coded as a sync sample, or one or more samples that occur prior to
the non-sync sample in decoding order but follow the previous sample coded as a sync
sample in decoding order. In other words, for a current sample that is not a sync
sample, video encoder 20 may encode parameter set data only in the sample entry or in

any of the samples since the previous sync sample to the current sample, inclusive, i.e.,
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including the sample or samples after the previous sync sample but before the current
non-sync sample, and including the current non-sync sample and the previous sync
sample.

[0178] Video encoder 20 may then generate a file that includes the sample of video data
(196). The samples in the file may include sync samples and/or non-sync samples as
described above. The file may include multiple samples, including one or more sync
samples and one or more non-sync samples. In this manner, FIG. 6 describes an
example of the operation of video encoder 20 or another device to determine whether a
sample of video data is a sync sample, and, based on determining that the sample is not
a sync sample (i.e., is a non-sync sample), include parameter set data for the video data
only in the sample entry for the non-sync sample, in the non-sync sample itself, in a
sample that is prior to the non-sync sample in decoding order and is a sync sample, or in
one or more samples occurring in decoding order between the non-sync sample and the
previous sample in decoding order that is a sync sample. Likewise, FIG. 6 illustrates an
example of the operation of video encoder 20 or another device to determine whether a
second sample of video data is a sync sample, and based on determining that the second
sample is a sync sample, include parameter set data for the video data only in the sample
entry for the sync sample or in the sync sample. In some examples, video encoder 20
may further avoid encoding a sync sample and subsequent samples (in coding order)
with reference to parameter sets (e.g., PPSs and SPSs) that were encoded prior to the
sync sample in coding order.

[0179] It is to be recognized that depending on the example, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or left out altogether (e.g., not all described acts or events are necessary
for the practice of the techniques). Moreover, in certain examples, acts or events may
be performed concurrently, e.g., through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

[0180] A video coder, as described in this disclosure, may refer to a video encoder or a
video decoder. Similarly, a video coding unit may refer to a video encoder or a video
decoder. Likewise, video coding may refer to video encoding or video decoding, as

applicable.
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[0181] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over, as one or more instructions or code,
a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or communication media
including any medium that facilitates transfer of a computer program from one place to
another, e.g., according to a communication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2) a communication medium such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
one or more computers or one or more processors to retrieve instructions, code and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may include a computer-readable medium.

[0182] By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desired program code in the form of instructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transient
media, but are instead directed to non-transient, tangible storage media. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also

be included within the scope of computer-readable media.
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[0183] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the techniques could be fully implemented in one or more circuits or logic
elements.

[0184] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of
ICs (e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
[0185] Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method of decoding video data, the method comprising:

determining whether a sample of video data is a sync sample; and

based on determining that the sample is not a sync sample, determining
parameter set data for the video data of the sample only from a sample entry for the
sample, the sample, a previous sample in decoding order that is a sync sample, or from a
sample occurring in decoding order between the sample and the previous sample in

decoding order that is a sync sample.

2. The method of claim 1, further comprising

determining whether a second sample of video data is a sync sample; and

based on determining that the second sample is a sync sample, determining
parameter set data for the video data of the second sample only from a sample entry for

the second sample or from the second sample.

3. The method of claim 1, wherein determining whether the sample of video data is
a sync sample comprises determining whether video coding layer (VCL) network
abstraction layer (NAL) units of the sample indicate that a coded picture contained in
the sample is an Instantaneous Decoding Refresh (IDR) picture, a Clean Random

Access (CRA) picture, or a Broken Link Access (BLA) picture.

4. The method of claim 1, wherein determining whether the sample of video data is
a sync sample comprises determining whether video data network abstraction layer
(NAL) units in the sample indicate that a primary picture contained in the sample is an

Instantaneous Decoding Refresh (IDR) picture.

5. The method of claim 1, wherein the sample conforms to at least one of High
Efficiency Video Coding (HEVC), High Efficiency Scalable Video Coding (SHVC),
Multiview High Efficiency Video Coding (MV-HEVC), Advanced Video Coding
(AVC), Scalable Video Coding (SVC), and Multiview Video Coding (MVC).
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6. The method of claim 1, further comprising decoding the video data of the

sample based on the determined parameter set data.

7. The method of claim 1, wherein determining parameter set data comprises
determining the parameter set data based on determining that the sample is not a sync

sample and based on a sample entry name associated with the sample.

8. A method for encoding video data, the method comprising:

determining whether a sample of video data is a sync sample; and

based on determining that the sample is not a sync sample, including parameter
set data for the video data only in a sample entry for the sample, the sample, a previous
sample in decoding order that is a sync sample, or in a sample occurring in decoding
order between the sample and the previous sample in decoding order that is a sync

sample.

0. The method of claim 8, further comprising

determining whether a second sample of video data is a sync sample; and

based on determining that the second sample is a sync sample, including
parameter set data for the video data of the second sample only in a sample entry for the

second sample or in the second sample.

10. The method of claim 8, wherein determining whether the sample of video data is
a sync sample comprises determining whether video coding layer (VCL) network
abstraction layer (NAL) units of the sample indicate that a coded picture contained in
the sample is an Instantaneous Decoding Refresh (IDR) picture, a Clean Random

Access (CRA) picture, or a Broken Link Access (BLA) picture.

11. The method of claim 8, wherein determining whether the sample of video data is
a sync sample comprises determining whether video data network abstraction layer
(NAL) units in the sample indicate that a primary picture contained in the sample is an

instantaneous decoding refresh (IDR) picture.
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12.  The method of claim 8, wherein the sample conforms to at least one of High
Efficiency Video Coding (HEVC), High Efficiency Scalable Video Coding (SHVC),
Multiview High Efficiency Video Coding (MV-HEVC), Advanced Video Coding
(AVC), Scalable Video Coding (SVC), and Multiview Video Coding (MVC).

13. The method of claim 8, further comprising encoding the video data of the

sample based on the parameter set data.

14. The method of claim 8, wherein including parameter set data comprises
including the parameter set data based on determining that the sample is not a sync

sample and based on a sample entry name associated with the sample.

15. A device for decoding video data, the device comprising:
a memory configured to store video data; and
one or more processors configured to:
determine whether a sample of the video data is a sync sample; and
based on determining that the sample is not a sync sample, determine
parameter set data for the video data only from a sample entry for the sample,
the sample, a previous sample in decoding order that is a sync sample, or from a
sample occurring in decoding order between the sample and the previous sample

in decoding order that is a sync sample.

16. The device of claim 15, wherein the one or more processors are configured to:
determine whether a second sample of video data is a sync sample; and
based on determining that the second sample is a sync sample, determine
parameter set data for the video data of the second sample only from a sample entry for

the second sample or from the second sample.

17. The device of claim 15, wherein, to determine whether a sample is a sync
sample, the one or more processors are configured to determine whether video coding

layer (VCL) network abstraction layer (NAL) units of the sample indicate that a coded
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picture contained in the sample is an Instantaneous Decoding Refresh (IDR) picture, a

Clean Random Access (CRA) picture, or a Broken Link Access (BLA) picture.

18. The device of claim 15, wherein, to determine whether the sample of video data
is a sync sample, the one or more processors are configured to determine whether video
data network abstraction layer (NAL) units in the sample indicate that a primary picture

contained in the sample is an instantaneous decoding refresh (IDR) picture.

19.  The device of claim 15, wherein the sample conforms to at least one of High
Efficiency Video Coding (HEVC), High Efficiency Scalable Video Coding (SHVC),
Multiview High Efficiency Video Coding (MV-HEVC), Advanced Video Coding
(AVC), Scalable Video Coding (SVC), and Multiview Video Coding (MVC).

20. The device of claim 15, wherein, to determine parameter set data, the one or
more processors are configured to determine the parameter set data based on
determining that the sample is not a sync sample and based on a sample entry name

associated with the sample.

21. The device of claim 15, wherein the one or more processors are configured to

decode the video data of the sample based on the parameter set data.

22. The device of claim 15, wherein the device comprises at least one of
an integrated circuit;
a microprocessor; and

a wireless communication device that includes a video decoder.

23. The device of claim 15, further comprising a display configured to display the

video data.
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24, A device for encoding video data, the device comprising:
a memory configured to store video data; and
one or more processors configured to:
determine whether a sample of the video data is a sync sample; and
based on determining that the sample is not a sync sample, include
parameter set data for the video data only in a sample entry for the sample, the
sample, a previous sample in decoding order that is a sync sample, or in a
sample occurring in decoding order between the sample and the previous sample

in decoding order that is a sync sample.

25. The device of claim 24, wherein the one or more processors are configured to:
determine whether a second sample of video data is a sync sample; and
based on determining that the second sample is a sync sample, include parameter
set data for the video data of the second sample only in a sample entry for the second

sample or in the second sample.

26. The device of claim 24, wherein, to determine whether a sync sample is a sync
sample, the one or more processors are configured to determine whether video coding
layer (VCL) network abstraction layer (NAL) units of the sample indicate that a coded
picture contained in the sample is an Instantaneous Decoding Refresh (IDR) picture, a

Clean Random Access (CRA) picture, or a Broken Link Access (BLA) picture.

27. The device of claim 24, wherein, to determine whether the sample of video data
is a sync sample, the one or more processors are configured to determine whether video
data network abstraction layer (NAL) units in the sample indicate that a primary picture

contained in the sample is an instantaneous decoding refresh (IDR) picture.

28.  The device of claim 24, wherein the sample conforms to at least one of High
Efficiency Video Coding (HEVC), High Efficiency Scalable Video Coding (SHVC),
Multiview High Efficiency Video Coding (MV-HEVC), Advanced Video Coding
(AVC), Scalable Video Coding (SVC), and Multiview Video Coding (MVC).
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29. The device of claim 24, wherein, to include parameter set data, the one or more
processors are configured to include the parameter set data based on determining that
the sample is not a sync sample and based on a sample entry name associated with the

sample.

30. The device of claim 24, wherein the one or more processors are configured to

encode the video data of the sample based on the parameter set data.

31 The device of claim 24, wherein the device comprises at least one of
an integrated circuit;
a microprocessor; and

a wireless communication device that includes a video encoder.

32. The device of claim 24, further comprising a camera configured to obtain the
video data.
33. A device for decoding video data, the device comprising:

means for determining whether a sample of video data is a sync sample; and

means for, based on determining that the sample is not a sync sample,
determining parameter set data for the video data only from a sample entry for the
sample, the sample, a previous sample in decoding order that is a sync sample, or from a
sample occurring in decoding order between the sample and the previous sample in

decoding order that is a sync sample.

34.  The device of claim 33, further comprising

means for determining whether a second sample of video data is a sync sample;
and

means for, based on determining that the second sample is a sync sample,
determining parameter set data for the video data of the second sample only from a

sample entry for the second sample or from the second sample.
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35. The device of claim 33, further comprising means for decoding the video data of
the sample based on the parameter set data.
36. A device for encoding video data, the device comprising:

means for determining whether a sample of video data is a sync sample; and

means for, based on determining that the sample is not a sync sample, including
parameter set data for the video data only in a sample entry for the sample, the sample, a
previous sample in decoding order that is a sync sample, or in a sample occurring in
decoding order between the sample and the previous sample in decoding order that is a

sync sample.

37.  The device of claim 36, further comprising

means for determining whether a second sample of video data is a sync sample;
and

means for, based on determining that the second sample is a sync sample,
including parameter set data for the video data of the second sample only from a sample

entry for the second sample or in the second sample.

38. The device of claim 36, further comprising means for encoding the video data of

the sample based on the parameter set data.

39. A non-transitory computer-readable medium having instructions stored thereon
that, when executed, cause one or more processors to:

determine whether a sample of video data is a sync sample; and

based on determining that the sample is not a sync sample, determine parameter
set data for the video data only from a sample entry for the sample, the sample, a
previous sample in decoding order that is a sync sample, or from a sample occurring in
decoding order between the sample and the previous sample in decoding order that is a

sync sample.
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40.  The computer-readable medium of claim 39, wherein the instructions cause the
one or more processors to determine whether a second sample of video data is a sync
sample, and, based on determining that the second sample is a sync sample, determine
parameter set data for the video data of the second sample only from a sample entry for

the second sample or from the second sample.

41.  The computer-readable medium of claim 39, wherein the instructions cause the
one or more processors to decode the video data of the sample based on the parameter

set data.

42. A non-transitory computer-readable medium having instructions stored thereon
that, when executed, cause one or more processors to:

determine whether a sample of video data is a sync sample; and

based on determining that the sample is not a sync sample, include parameter set
data for the video data only in a sample entry for the sample, the sample, a previous
sample in decoding order that is a sync sample, or in a sample occurring in decoding
order between the sample and the previous sample in decoding order that is a sync

sample.

43.  The computer-readable medium of claim 42, wherein the instructions cause the
one or more processors to determine whether a second sample of video data is a sync
sample, and, based on determining that the second sample is a sync sample, include
parameter set data for the video data of the second sample only in a sample entry for the

second sample or from the second sample.

44, The computer-readable medium of claim 42, wherein the instructions cause the
one or more processors to encode the video data of the sample based on the parameter

set data.



PCT/US2016/017553

WO 2016/130808

1/6

8C
JOV4H3LNI LNdNI

Y

6¢
LINN
NOILVINSdVO3a

Y

(3
¥3d023d
O3dIA

Y

43
30IA3A AV1dSIa

vl

30IA3Ad NOILVNILS3A

I "Old

9¢
¥31N0o™

ve
MAIOMLIN AYIAITEA
LINILNOD/MINAGTS

oL

-

k44
JOV4d3LNI
1ndino

A

1c
LINN
NOILVINSdVON3

A

0c
¥3AO0ON4
O3aiA

+

8l
30¥NOS O3dIN

{3
30IA3A 30dNOS




PCT/US2016/017553

WO 2016/130808

Tz i
ALILNZ ¢ Ol
'00¥d-1S0d
----|]------------------=-=-=---"—-"-"-"-"-""-"-"-""-"F"""=""=-"-"-"-"-"-"-"-"=-"-"="-"-"-" " "”""="="=-"=-= =
_ _
I —L — 09 29 |
I 9§ 86 SY007149 03dIA — I
_ 1INN LINN LINN n @3LONULSNODTY €9 |
— >

| | onigooNa [“K | NOLLYZILNYND ONISS300d LINN !
| AdONLNS 3SHAANI WHOISNVAL | sy15018 — ¥3LTid !
_ 1 ASYUIANI ‘aisay 9% LINN _
| 'NOO3Y ONISSIO0Nd & |
| NOILOIQ3¥d |
_ VHLNI __ |
_ 9 _
_ == AHOWII |

© | ¥3AOON3 03aIA NOLLYSNIdINOD SEN "

2_ NOLLOW _
_ _
| H _
| ¢ ¢ 47 _
_ SLNIWI T3 XVLNAS LINN = _
_ NOILVINILST _
! NOLLOW AHOWIW <7, o
| — O3aIA | o3aIn
_ ¥ LINN _
| "00¥d "a3¥d % |
| — 0§ _
| SLNZI0144300 55 ¢S — _
I INYO4dSNVYL LINN — LINN 1 I
_ 1vnais3y o ONISSIO0Ud + S¥ooTgo3ain | LINN ONINOILLILYVC | |
_ Q3ZILNVND NOILVZILNVN INHO4SNVYYL | s¥o018 _
| ‘dals3y |



PCT/US2016/017553

WO 2016/130808

_ _
| _
| 88 —
= _
| 16 1INN hw_,m_w: _
- < -
oaain ! LINA ONISSI00Hd NOILVZILNVYND _
o3 N ET[E oyoog | WHOASNWAL 3SAIAANI _
" 06 Jvnais3y | ISYUIANI 1 _
_
o | h — S I S
- | — ¥8 ¢8 _ I 6. |
3 _ 26 LINN AMOWAN ([« — ALUNT |te——
|| Adowan ONISSIO0Nd O3AIA | | | HOMIIN | wvaiisua
FANLOId NOLLOIa3yd 44309 - |
_ : .
_ 434 VHLNI ZILNVNO « _ d3009N3
_
_ 73 _ _
" LINN 08 _
_ NOILYSN3dINOD | [ 1INN _
| NOILOW SLINIWIT1A XVINAS | ONIAOD3IA AJONINT | |
_
" 18 _
_ LINN ONISSIO0¥d — _
_ NOILOIa3¥d 0¢ |
_ ¥300953a 03aIA



PCT/US2016/017553

WO 2016/130808

4/6

¥ 'Old

991
X084 VidiN

I ]
vol 29l
SININOVAA s3axodg
JAINON Xais
oSt

3714 O3AIA

—
ZS1
— EETY CEY (dALd)
09t | ywul |aHAW 3dAL
X3AN 3714
¥S1
X0g AOOW




WO 2016/130808 PCT/US2016/017553

5/6

180

RECEIVE FILE THAT INCLUDES
AT LEAST ONE SAMPLE OF VIDEO DATA

# 182
DETERMINE WHETHER SAMPLES
ARE SYNC SAMPLES
* 184

FOR NON-SYNC SAMPLES, DETERMINE
PARAMETER SET DATA FOR SAMPLE ONLY
FROM SAMPLE ENTRY, SAMPLE ITSELF,
PRIOR SYNC SAMPLE OR SAMPLES
OCCURING BETWEEN SAMPLE AND PRIOR
SYNC SAMPLE IN DECODING ORDER

¢ 185

FOR SYNC SAMPLES, DETERMINE
PARAMETER SET DATA FOR SAMPLE ONLY
FROM SAMPLE ENTRY OR SAMPLE ITSELF

¢ ¢~ 186

DECODE VIDEO DATA OF SAMPLE
BASED ON PARAMETER SET DATA

FIG. 5
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190
ENCODE SAMPLES OF VIDEO DATA
BASED ON PARAMETER SET DATA
¢ 7 192

FOR SYNC SAMPLES, INCLUDE PARAMETER
SET DATA FOR SAMPLE ONLY IN SAMPLE
ENTRY OR SAMPLE ITSELF

¢ 194

FOR NON-SYNC SAMPLES, INCLUDE
PARAMETER SET DATA FOR SAMPLE
ONLY IN SAMPLE ENTRY, SAMPLE ITSELF,
PRIOR SYNC SAMPLE, OR SAMPLES
OCCURING BETWEEN SAMPLE AND PRIOR
SYNC SAMPLE IN DECODING ORDER

¢ , 196

GENRATE FILE THAT INCLUDES
SAMPLE OF VIDEO DATA

FIG. 6
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