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HYPOTHETICAL REFERENCE DECODER
PARAMETER SYNTAX STRUCTURE

[BO8T] This application claimas the benetfit of ULS. Provisional Patent Application No.
61/711,098, filed October &, 2012, the entire content of which is incorporated herein by

reference.

TECHNICAL FIELD

8002} This disclosure relates to video encoding and decoding.

BACKGROUND

80031 Digual video capabilities can be incorporated into a wide range of devices,
inchading 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 satelite 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), the High Efficiency
Video Coding (HEVC) standard presently under development, and extensions of such
standards. The video devices may transmut, receive, encode, decode, and/or store digital
video information more cfficiently by implementing such video compression
techniques.

88041 Video compression technigues perform spatial {intra-picture} prediction and/or
temporal (nter-picture) prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video shice (i.¢., a video frame or a portion
of a video frame) may be partitioned into video blocks. Video blocks in an intra-coded
(1) shice of a picture are encoded asing spatial prediction with respect to reference
samples in neighboring blocks in the same picture. Video blocks in an inter-coded (P or
B) shice 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
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saroples in other reference pictares. Pichures may be referved to as frames, and
reference pictures may be reforred 1o as reference frames.

80051 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 poiots to a block of reference saroples forming the predictive block, and the
residual data indicates the difference between the coded biock and the predictive block,
An intra-coded block s encoded according to an intra-coding mode and the residual
data. For further corapression, the residual data may be transformoed from the pixel
domain to a transform domain, resulting in residual coefficients, which then may be
quantized. The quantized coefficients, initially arranged in a two-dimensional array,
may be scanned in order to produce a one-dimensional vector of coefficients, and
entropy coding may be applied to achicve even more corapression.

[8006] A multiview coding bitstream may be gencrated by encoding views, e.g., from
multiple perspectives. Some three-dimensional (3D) video standards have been
developed that make use of multiview coding aspects. For example, different views
may transmit left and right eye views to support 3D video. Alternatively, some 3D
video coding processes may apply so-called multiview plus depth coding. In multiview
plus depth coding, a 3D video bitstrearm may contain not only texture view components,
but also depth view components. For example, cach view may comprise one texiure

view component and one depth view component.

SUMMARY
{80071 In general, this disclosure describes signaling of hypothetical reference decoder
(HRIDY) parameters. For instance, a video encoder may signal, in 3 bitstream, a video
parameter set (VPS) that jnchudes a plurality of HRD parameter syntax structures that
cach includes a set of one or more HRD paramcters. For each respective HRD
parameter syntax structure in the plurality of HRD parameter syntax structures, the VPS
further includes a syntax element indicating whether the HRD parameters of the
respective HRD parameter syntax structure include a common set of HRD parameters in
addition to a set of sub-layer-specific HRD pararpeter information specific to a
particular sub-layer of the bitstream. The common set of HRD parameters is common

to ali sub-lavers of the bitstream. A video decoder or other device may decode, from
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the bitstream, the VPS and may perform an operation using the HRD parameters of at
least one of the HRD parameter syntax structures.
[30G08] 1n one example, this disclosure describes a method of decoding video data. The

g, from an encoded video bitstream, a VPS that includes a

&0

method comprises decodin
plurality of HRD parameter syntax structures that each inchude HRD parameters. For
cach respective HRD paramicter syntax structure in the plurality of HRD parameter
syniax structares, the VPS further includes a syntax clement indicating whether the
HRD parameters of the respective HRD parameter syotax stractare inclode a common
set of HRD parameters. The common set of HRD parameters is common 10 all sub-
fayers of the encoded video bitstream. The method also comprises performing an
operation using the HRD parameters of at least one of the HRD parameter syntax
structyres.

{8809} In another example, this disclosure deseribes 4 video decoding device
comprising one or more processors configured to decode, from an encoded video
bitstream, a VPS that includes a plorality of HRD parameter syntax structares that each
mnchide HRD pararoeters, For each respective HRD parareter syntax structure in the
plurality of HRD parameter syntax structures, the VPS further includes a syntax clement
indicating whether the HRD parameters of the respective HRD parameter syntax
structure include a common set of HRD parameters. The common set of HRD
parameters is common to all sub-layers of the encoded video bitstreanm. The one or
more processors are also configured to perform an operation using the HRID parameters
of at least one of the HRID parameter syntax structures.

[8G10] Tn another exampie, this disclosure describes a video decoding device
comprising racans for decoding, from an encoded video bitstream, a VPS that includes g
plurality of HRE parameter syntax structures that each inchide HRD parameters. For
each respective HRD parameter syntax structure in the plorality of HRD parameter
syntax structares, the VPS further includes a syntax clement indicating whether the
HRD parameters of the respective HRID parameter syntax structure include a common
set of HRID parameters, wherein the common set of HRD parameters is common to all
sab-layers of the encoded video bitstream. The video decoding device comprises means
for performing an operation using the HRD parameters of at least one of the HRD

parameter syntax siroctures.
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(88111 In another example, this disclosure describes a computer-readable storage
roedium that stores instructions that, when executed by a video decoding device,
configure the video decoding device to decode, from an encoded video bitstream, a VPS
that includes a plurality of HRD parameter syntax structures that cach include HRD
parameters. For each respective HRD parameter syntax structure in the plurality of
HRD parameter syotax structares, the VPS further includes a syntax clement indicating
whether the HRD parameters of the respective HRD parameter syntax structure include
a cornmon set of HRIY parameters. The common set of HRD parameters is common o
all sub-layers of the encoded video bitsiream. The instructions, when executed, further
configure the video decoding device to perform an operation using the HRD parameters
of at least one of the HRD parameter syntax structures.

(8012} In another example, this disclosure deseribes a method of encoding video data.
The method comprises generating a VPS that includes a plurality of HRD parameter
syntax structures that cach include HRD paramecters. For each respective HRD
parameter syntax structure in the plarality of HRD parameter syntax structares, the VPS
further includes a syntax element indicating whether the HRD parameters of the
respective HRD paramcter syntax structure include a common set of HRD parameters in
addition to a set of sub-layer-specific HRD parameter information specific to a
particular sub-layer of an encoded video bitstream. The common set of HRD
parameters is common to all sub-layers of the encoded video bitstream. The method
also comprises signaling the VPS in the encoded video bitstream.

(8013} In another example, this disclosure describes a video encoding device
comprising one or more processors configured to generate a VPS that jnchudes a
plurality of HRD parameter syntax structures that each include HRD parameters. For
each respective HRD parameter syntax structure in the plarality of HRD parameter
syntax structures, the VPS further includes a syntax element indicating whether the
HRD parameters of the respective HRID parargeter syndax structure include a common
set of HRID parameters in addition to a set of sub-layer-specitic HRD parameter
information spectfic to a particular sub-layer of an encoded video bitstream. The
common set of HRDY parameters s common to all sub-layers of the encoded video
bitstream. The one or more processors are also configured to sigoal the VPS 1o the

encoded video bitstream.
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{8034} Tn another exampie, this disclosure describes a video encoding device
comprising rocans for generating, a VPS that inchudes a plurality of HRD parameter
syntax structures that cach include HRD parameters. For cach respective HRD
parameter syntax strocture in the phurality of HRD parameter syntax structures, the VPS
further inchides a syntax element indicating whether the HRD parameters of the
respective HRD parameter syntax structure include a coromon set of HRD pararoeters 1o
addition to g sct of sub-laver-specific HRD parameter information specific to &
particular sub-layer of an encoded video bitstream. The coramon set of HRD
parameters is conunon to all sub-layers of the encoded video bustream. The video
encoding device also comprises means for signaling the VPS in the encoded video
bitstream.

8015} In another example, this disclosure deseribes a compater-readable storage
medium that stores instructions that, when executed by a video encoding device,
configure the video encoding device to generate a VPS that includes a plurality of HRD
parameter syntax structures that each include HRID parameters. For each respective
HRD parameter syntax structure in the plurality of HRD parameter syntax structures,
the VPS further includes a syntax element indicating whether the HRD parameters of
the respective HRDY parameter syntax stracture include a common set of HRD
parameters in addition to a set of sub-layer-specific HRD parameter inforroation specific
to a particular sub-layer of the encoded video bustreara. The common set of HRD
parameters is common to all sub-layers of the encoded video bitstream. The
instructions, when executed, further configure the video encoding device to signal the
VPS in the encoded video bitstrearn.

13016] 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 descrption, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

(60171 FIG. 1 is a block diagram illustrating an example video coding system that may
utilize the technigques described in this disclosure.
{8018} FIG. 2 1s a block diagram tllustrating an cxample video encoder that roay

implernent the techniques described in this disclosure.
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(88191 FIG. 3 s a block diagram illostrating an example video decoder that may
mmplement the techniques deseribed in this disclosure.

(80261 FIG. 4 15 a flowchart iHlustrating an example operation of g video encoder, in
accordance with one or more techniques of this disclosure.

(80211 F1G. S s a flowchart Hustrating an example operation of a device, in accordance
with one or more techniques of this disclosure,

8022} FIG. 6 is a flowchart tHustrating an example operation of a video encoder, in
accordance with one or more techmques of this disclosuare.

(80231 FIG. 7 is a flowchart itlustrating an example operation of a device, in accordance
with one or more techuigues of this disclosure,

8024} FIG. 8 is a flowchart iHustrating an example operation of a video encoder, in
accordance with one or more techniques of this disclosure.

{8025} FIG. 9 18 a flowchart dlustrating an example operation of a device, in accordance

with one or more techniques of this disclosure.

DETAILED DESCRIPTION
{80261 A video encoder may generate a bitstream that includes encoded video data.
Because the bitstream includes encoded video data, the bitstream may be referred to
herein as an encoded video bitstream. The bitstream may comprise a series of network
ahstraction layer (NAL) units. The NAL units may include video coding layer (VCL)
NAL units and non-VUL NAL units. The VCL NAL units may include coded slices of
picthures. A non-VCL NAL unit may include a video parameter set (VPS), 8 sequence
parameter set (SPS), a picture parameter set (PPS), supplemental enhancement
information (SEI}, or other types of data. A VPS is a syntax structure that may contain
syntax elements that apply to zero or more entire coded video sequences. A SPSisa
syntax structure that may contain syntax clersents that apply to zero or more entire
coded video sequences. A single VPS may be applicable to multiple SPS’s. APPSisa
syntax structure that may contain syntax cleraenis that apply to zero or more cntire
coded pictures. A single SPS may be applicable to multiple PPS’s.
[8827] A device, such as a content delivery network {CDN) device, media-aware
network element (MANE), video encoder, or video decoder, may extract a sub-
bitstream from the bitstream. The device may perform the sub-bitstream extraction

process by removing certain NAL units from the bitstrearn. The resolting sub-bitstrears
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mncludes the remaining, non-removed NAL wnils of the bitstream.  In some examples,
video data decoded from the sub-bitstrearn may bave a lower frame rate and/or may
represent fewer views than the original bitstream.

{30328} Video coding standards may include various features to support the sub-
bitstrear extraction process. For example, video data of the bitstream may be divided
into a set of layers. For cach of the layers, data in a lower layer may be decoded without
reference to data in any higher layer. NAL units only encapsulate data of a single layer.
Thus, NAL onits encapsulating data of the highest remaining layer of the bitstream may
be removed fror the bitsirearn without affecting the decodability of data in the
remaining layers of the bitstream. In scalable video coding (SVC), higher layers may
include enhancement data that improve the quality of pictares in lower layers (quality
scalability), enlarge the spatial format of pictures in lower layers (spatial scalability), or
tnerease the tomporal rate of pictures in lower layers (temporal scalability). In mult-
view coding (MVYC) and three-dimensional video (39‘\/’) coding, higher layers may
juchide additional views.

{6029 Fach NAL unit roay include a header and a pavicad. The headers of NAL uniis
may include nuh reserved zero 6bits syntax clements, The nub reserved zero 6bits
syntax element of a NAL unit is equal to § if the NAL unit relates to a base layer in
MVC, 3DV coding, or SVC. Data in a base layer of a bitstream may be decoded
without reference to data in any other layer of the bitstrear. If the NAL unit does not
relate 1o a base layer in MV, 3DV, or SV, the nuh reserved zero 6bits syntax
element may have other non-zero values. Specifically, if a NAL unit dogs not relate to a
base layer in MVC, 3DV, or SVC, the nuh_reserved zero 6bits syntax element of the
WAL unit specifics g layer identifier that identifics a layer associated with the NAL unit.
{3038} Furthermore, some pictures within a layer may be decoded without reference to
other pictures within the same layer. Thus, NAL units encapsulating data of certain
pictures of a layer may be removed from the bitstrearn without affecting the
decodability of other pictures in the layer. For example, pictures with even picture
order count (POC) values may be decodable without reference to pictures with odd POC
values, Removing NAL units encapsulating data of such pictures may reduce the frame
rate of the bitstream. A subset of pictures within a layer that may be decoded without
reference to other pictures within the layer may be referred to herein as a “sub-layer” or

a “temporal sub-layer.”
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(8031 NAL units may include nub_temporal id plosi syntax clements. The

muh teraporal 1d plust syotax element of a NAL unit roay specify a temporal identifier
of the WAL unit. if the temporal identifier of a first NAL unit 18 less than the temporal
identifier of a second NAL unit, the data encapsulated by the first NAL unit may be
decoded without refereuce (o the data encapsulated by the second NAL unit.

{8032} Operation points of a bitstream are each associated with a sot of layer identifiers
{(i.c., asct of nuh reserved zero Obits values) and a temyproral identifier. The set of
layer identifiers may be denoted as OpLayerldSet and the temporal identifier may be
denoted as TemporallD, I a NAL unit’s layer identificr is in an operation pomt’s set of
tayer identifiers and the NAL unit’s teraporal identifier is less than or equal to the
operation point’s temporal identifier, the NAL unit is associated with the operation
point. An operation point representation is a bitstream subset (1.e., a sob-bitstream) that
is assoctated with an operation point. The operation point representation of an operation
point may include cach NAL unit that is associated with the operation point. The
operation point representation does not inclade VUL NAL units that are not associate
with the operation point.

80331 An external source may specify a set of target laver identifiers for an operation
point. For example, a content delivery network (CDN) device may specify the set of
arget layer identifiers. In this example, the CON device may use the set of target layer
wdentifiers to identity an operation point. The CDN device may then extract the
operation point representation for the operation point and forward the operation point
representation, instead of the original bitstream, to a client device. Extracting and
forwarding the operation point representation to the clicnt device may reduce the bit rate
of the bitstream.

{86334} Furthermore, video coding standards specify video buffering models. A video
buffering model may also be referred to as a “hypothetical reference decoder”™ or an
“HRD.” The HRD describes how data 18 to be buffered for decoding and how decoded
data is buffered for output. For instance, the HRID describes the operation of a coded
picture buffer (“CPB"} and a decoded picture buffer (“DPB™) in a video decoder. The
CPB is a fivst-in first-out buffer containing access units in decoding order specified by
HRD. The DPB s a buffer bolding decoded pictures for reference, output reordering, or

ouiput delay specified by the HRD.
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88351 A video encoder may signal a set of HRD parameters. The HRD parameters
countrol various aspects of the HRD. The HRD parameters roay include an initial CPB
removal delay, a CPB size, a bit rate, an initial DPB output delay, and a DPB size.
These HRD parameters may be coded in a hrd parameters( ) syntax structure specified
i a VPS and/or a SPS. The HRD parameters may also be specified in buffering period
SET roessages or picture tirning SET messages.

[8036] As explained above, an operation point representation may have a different
frame rate and/or bit rate than an original bitstream. This is because the operation point
representation may not include some pictures and/or sorae of the data of the original
bitstream. Henee, if the video decoder were to remove data from the CPB and/or the
DPB at a particular rate when processing the original bitstream and if the video decoder
were to remove data from the CPB and/or the DPB at the same rate when processing an
operation point representation, the video decoder may remove 100 rouch or too lutle data
from the CPB and/or the DPB. Accordingly, the video encoder may signal different sets
of HRD parameters for different operation points. In the emerging High-Efficiency
Video Coding (HEVC) standard, the video encoder may signal sets of HRD parameters
in a YPS or the video encoder may signal sets of HRD parameters in a SPS.

{80371 The sct of HRD parameters optionally inciudes a set of information that is
common tor all temporal sub-layers. A temporal sub-layer is a temporal scalable layer
of a tomporal scalable bitstream consisting of VCL NAL uuits with a particular
termporal identificr and the associated non-VCL NAL upits. In addition to the set of
common information, the sets of HRD parameters may inchude a set of syntax elements
that are specific to individual temporal sub-layers, Because the set of common
information is common to multiple sets of HRD parameters, it may be unnecessary to
signal the set of common mformation in multiple sets of HRD parameters. In some
proposals for HEVC, the common nformation may be present in a set of HRD
parameters wheno the set of HRD pararocters is the fivst set of HRID parameters ina VPS
or the common information may be present in a set of HRD parameters when the set of
HRD parameters is associated with the first operation point.

{88381 However, when there are multiple sets of HRD parameters in a VPS, it may be
desirable to have multiple different sets of conuvoun jnformation for the sets of HRD
parameters. This may be especially true when there are large numbers of HRD

parameter syntax stractures in a VPS. Thus, it may be desirable to have sets of common
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jformation in HRD parameter syntax structures other than the first HRD parameter
syRtax siructure.

{80391 The techniques of this disclosure provide a design to alfow for the common
information of HRD parameter syntax structures to be explicitly signaled for any HRD
parameter syntax stracture. In other words, the techniques of this disclosure may allow
for the mforration that is common tor all sub-layers to be explicitly signaled for any
hrd parameters( } syntax structure. This may improve coding efficiency.

[8044] Thus, in accordance with one or more technigues of this disclosure, a device,
such as a video decoder or other device, may determoine, based at least inpartona
syntax clement in 2 VPS that includes a phurality of HRD parameter syntax structures,
whether a particular HRD parameter syntax structure in the VPS includes a set of HRD
parameters that are common to each sub-layer of a bitstream. The device may decode
the syntax element from the VPS. One or more HRD parameter syntax sfruciures may
occur in coding order in the VPS before the particular HRD parameter syntax structure.
In response to determining that the particular HRD parameter syntax structare inchides
the set of HRD parameters that are common 1o cach sub-layer of the bitstream, the
device may perform an operation using the particular HRD parameter syntax structure,
inchuding the set of HRD parameters that are common o each sub-layer of the
bitstream.

{8041} Furthermore, a video encoder may generate scalable nesting SEI messages, A
scalable nesting SEI megsage contains one or more SEI messages. SEI messages nested
in a scalable nesting SEI message may inclode HRD parameters or other information
associated with an operation point. Soroe proposals for HEVC do not aliow for oue SEX
message to be applied to nwltiple operation points. This may decrease bit rate
efficiency because it may cause a video encoder to signal multiple SEI messages with
the same information. Accordingly, the techuiques of this disclosare may allow for one
SEI message 1o be applied to multiple operation points. For instance, a scalable nesting
SEI message may include syntax eloments that specify nmltiple operation points
applicable to SEI messages nested within the scalable nesting SEI message.

{60421 Tn addition, SEI NAL units, like other types of NAL nnits, inclade a NAL umit
header and 2 NAL unit body. The NAL unit body of an SEI NAL unit may include an
SEI message, such as a scalable nesting SEI message or another type of SEI message.

Like other NAL umits, the NAL unit header of an SEI NAL unit may include a
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nuh reserved zero 6bits syntax element and a nuh _temporal id plas? syntax element.
However, in sorne proposals for HEVC, the nuh_reserved zero 6bits syntax clement
and/or the nuh_ternporal id plust syotax element of a NAL unit header of an SEI NAL
unit are not used to determine an operation point applicable to an SEI message (or SEIL
messages ) encapsolated by the SEINAL wnit. However, these syntax clements of the
SETNAL unit header could be reused in order to reduce the number of signaled bits,
Hence, in accordance with the techniques of this disclosure, a syntax clement may be
signaled in a scalable nesting SEI message to indicate whether an operation point
applicable to nested SET messages in an SEI NAL urut is the operation point indicated
by the layer identification information in the WAL unit header of the SEI NAL unit.
The layer identification information in the NAL unit header of an SEI NAL unit may
mclude the vatae of nuh reserved zero 6bits and the valoe of nuh_temporal id plast
of the NAL unit header.

8043} FIG. 1 s a2 block diagram illustrating an cxarmple video coding systern 10 that
may utilize the technigues of this disclosure. As used herein, the term “video coder’
refers generically to both video encoders and video decoders. In this disclosure, the
terms “video coding™ or “coding” may refer generically to video encoding or video
decoding,

[B044] As shown in FIG. 1, video coding system 10 includes 8 source device 12 and a
destination device 14, Source device 12 generates encoded video data. Accordingly,
source device 12 may be referred to as a video encoding device or a video encoding
apparatus. Destination device 14 may decode the encoded video data generated by
source device 12, Accordingly, destination device 14 may be referved to as a video
decoding device or a video decoding apparatus. Source device 12 and destination
device 14 may be examples of video coding devices or video coding apparatuses.
(8045} Source device 12 and destination device 14 may comprise a wide range of
devices, chuding desktop computers, roobile computing devices, notebook (e.g.,
laptop) computers, tablet computers, set-top boxes, telephone handsets such as so-called
“smart” phones, televisions, cameras, display devices, digital media players, video
gaming consoles, in-car computers, or the hike.

[80346] Destination device 14 may receive encoded video data from source device 12 via
a channel 16. Channel 16 may comprise one or more media or devices capable of

moving the encoded video data from source device 12 to destination device 14, In one



WO 2014/058598 PCT/US2013/060906

i2

example, channel 16 may comprise one ot more communication media that enable
source device 12 to transmit encoded video data diectly to destination device 14 in real-
time. In this example, source device 12 may modulate the encoded video data
according to a communication standard, such as a wirgless communication protocol, and
may transmit the modulated video data to destination device 14, The one or more
communication media may inchude wircless and/or wired conununication media, such
as a radio frequency (RF) spectrum or one or more physical transmission lines, The one
or more communication media may form part of a packet-based vetwork, such as a local
arca network, 8 wide-area network, or a global network {e.g., the Tnternet). The one or
more communication media may include routers, switches, base stations, or other
equipment that facilitate commmunication from source device 12 to destination device 14,
(80471 In another example, channel 16 may include a storage mediom that stores
encoded video data generated by source device 12, In this example, destination device
14 may access the storage medium, ¢.2., via disk access or card access. The storage
medium may inclade a variety of tocally-accessed data storage media such as Bla-ray
discs, DVDs, CD-ROMs, flash memory, or other suitable digital storage media tor
storing encoded video data.

{3348} In a further example, channel 16 may include a file server or another
mtermediate storage device that stores encoded video data generated by source device
12, Inthis example, destination device 14 may access encoded video data stored at the
file server or other intermediate storage device via streaming or download, The file
server may be a type of server capable of storing encoded video data and transmitting
the encoded video data to destination device 14, Example tle servers include web
servers (e.g., for a website), file transfer protocol (FTP) servers, network attached
storage (NAS) devices, and local disk drives.

[80349] Destination device 14 may acgess the encoded video data through & standard
data connection, such as an Internet connection. Example types of data connections
may include wircless channels {e.g., Wi-Fi connections), wired connections {(e.g., DSL,
cable modem, etc.), or combinations of both that are suitable for accessing encoded
video data stored ou a file server. The transiussion of encoded video data from the file
seTver roay be a streaming transmission, a download transmission, or a combination of

both.
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(88581 The techniques of this disclosure are not limited to wireless applications or
settings. The techuniques may be applied to video coding in support of a variety of
multimedia applications, such as over-the-air television broadcasts, cable television
tranamissions, saiellite television transmissions, streaming video transmissions, ¢.g., via
the Internet, encoding of video data for storage on a data storage mediam, decoding of
video data stored on a data storage medium, or other applications. In some examples,
video coding system 10 may be configured to support one-way or two-way video
fransmission to support applications such as video streaming, video playback, video
broadeasting, and/or video telephony.
(60511 FIG 1 is merely an example and the technigues of this disclosure may apply to
video coding settings {(¢.g., video encoding or video decoding) that do not necessarily
inclade any data communication between the encoding and decoding devices. In other
cxamples, data is retrieved from a local memory, streamed over a network, or the like.
A video encoding device may encode and store data to memory, and/or a video decoding
device may retrieve and decode data from memory. Tn many examples, the encoding
and decoding s performed by devices that do not cornmunicate with one another, but
simply encode data to memory and/or retrieve and decode data from memory.
{83521 In the example of FIG. 1, source device 12 includes a video source 18, a video
encoder 20, and an output interface 22, In some examples, outpot interface 22 may
include a8 modulator/demodulator (modem) and/or a fransmitier. Video source 18 may
inchude a video capture device, e.g., a video camera, a video archive containing
previocusly-captured video data, a video feed interface to receive video data from a video
countent provider, and/or a computer graphics systern for generating video data, ov a
combination of such sources of video data.
{86331 Video encoder 20 may encode video data from video source 18, In some
examples, source device 12 directly transmits the encoded video dats to destination
device 14 via output interface 22, In other examples, the encoded video data may alsc
be stored onto g storage medium or a file server for later access by destination device 14
for decoding and/or playback.
[8054] Tn the example of FIG. 1, destination device 14 includes an input interface 23, a
video decoder 30, and a display device 32, In some examples, input interface 28
includes a receiver and/or 3 modem. Input interface 28 may receive encoded video data

over channel 16, Display device 32 may be jutegrated with or may be external to
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destination device 14, In general, display device 32 displays decoded video data.
Display device 32 may comprise a variety of display devices, such as a hiquid crystal
display (LCD), a plasma display, an organic light emitting diode {OLED) display, or
another type of display device.

(B8535} Video cocoder 20 and video decoder 30 each may be iroplemented as any of a
variety of suitable circuitry, such as one or more microprocessors, digital signal
processors {DSPs), application-specific integrated circuits (ASICs), field-programmable
gate arrays (FPGAs), discrete logic, hardware, or any combinations thereof. If the
techniques are iraplemented partially in software, a device may store instructions for the
software in a suitable, non-transitory computer-readable storage medium and may
execute the instructions in hardware using one or more processors to perform the
techniques of this disclosure. Any of the foregoing (including hardware, software, a
combination of hardware and software, efc.) may be considered to be one or more
processors. Fach of video encoder 20 and video decader 30 may be included in one or
more encoders or decoders, etther of which may be integrated as part of a combined
cucoder/decoder (CODEC) in a respective device.,

80561 This disclosure may generally refer to video encoder 20 “signaling” certain
information to another device, such as video decoder 33, The term “signaling” may
generally refer to the commmumication of syntax elements and/or other data ased to
decode the corapressed video data. Such communication may occur in real- or neat-
real-time. Alternately, such comraunication raay occur over a span of time, such as
might occur when storing syntax elements to a compuater-readable storage medium o ap
cucoded bitstream at the time of cucoding, which then roay be retrieved by a decoding
device at any time after being stored to this medium.

{30571 In some examples, video encoder 20 and video decoder 30 operate according to
a video compression standard, such as ISG/TEC MPEG-4 Visual and 1TU-T H.264 (also
known as ISOTEC MPEG-4 AV, including its Scalable Video Coding (SVC)
extension, Multiview Video Coding (MVC) extension, and MV C-based 3DV extension.
In some instances, any bitstream conforming to MVC-based 3DV always contain a sub-
bitstream that is compliant to a MVC profile, e.g., stereo high profile. Furthermore,
there is an ongoing effort 1o generate a three-dimnensional video (3DV) coding extension

to H.264/AVC, namely AVC-based 3DV, In other examples, video encoder 20 and
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video decoder 30 yuay operate according to ITU-T H.261, ISO/IEC MPEG-1 Visupal,
ITU-T H.262 or ISO/AEC MPEG-2 Visual, and ITU-T H.264, ISOAEC Visual.

{60581 In other examples, video encoder 20 and video decoder 30 may operate
according to the High Efficiency Video Coding (HEVC) standard presently under
development by the Joint Collaboration Team on Video Coding JCT-VC) of ITU-T
Video Coding Experts Group (VCEG) and ISO/TEC Motion Picture Experts Group
(MPEG). A draft of the upcoming HEVC standard, referred to as “HEVC Working
Draft 87 is described in Bross et al., “High Efficiency Video Coding (HEVC) text
specification draft 8, Joint Collaborative Tear on Video Coding (JCT-VC) of ITU-T
SG16 WP3 and ISO/AEC JITCUSC29/WGL, 167 Meeting, Stockholm, Sweden, July
2012, which as of June 13, 2013, is available from http//phenix.int-

evry fi/jct/doc_end user/documents/10 Stockholm/wgt VICTVC-JIH03-vE zip.
Another draft of the upcoming HEVC standard, reforred to as “HEVC Working Draft 97
is described in Bross et al., “High Efficiency Video Coding (HEVC) text specification
dratt 9,7 Joint Collaborative Team on Video Coding (JCT-V) of ITU-T 3G 16 WP3
and ISO/IEC JTCUSC29/WG1HL, 11" Meeting, Shanghai, China, October 2012, which
as of June 13, 2013, is available from http://phenix.int-

evry fi/jct/doc_end user/documents/11 Shanghav/wgl VICTVC-K1003-v13. zip.
Furthermore, there are ongoing efforts to produce SV, MV, and 3DV extensions for
HEVC, The 3DV extension of HEVC may be referred 10 as HEVC-based 3DV or
HEVC-3DV.

[8059] Tn HEVC and other video coding standards, a video sequence typically includes
a serics of pictures. Pictures roay also be referred to as “frarnes.” A picture may
include three sample arrays, denoted 8y, Scp and Sep. 8; 18 a two-dimensional array
(i.e., a block) of luma samples. Scy, is 2 two-dimensional array of Ch chrominance
samples. 8¢ ts a two-dimensional array of Cr chrominance samples., Chrominance
samples moay also be referred to herein as “chroma™ samples. In other instances, a
picture may be monochrome and may only include an array of luma samples.

[8068] To generate an encoded representation of a picture, video encoder 20 may
generate a sct of coding tree units {CTUs). Each of the CTUs may be 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 biocks. A coding tree

block may be an NxN block of samples. A CTU ray also be referred to as a “tree
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block™ or a “largest coding wnit” (LCU). The CTUs of HEVC may be broadly
analogous to the macroblocks of other standards, such as H.264/AVC, However, a
CTU is not necessarily Himited to a particular size and may include one or more coding
units (CUs). A shice may include an integer number of CTUs ordered consecutively in
the raster scan.

{8061} To geoerate a coded CTU, video encoder 20 roay recursively perform quad-tree
partitioning on the coding tree blocks of 3 CTU to divide the coding tree blocks into
coding blocks, hence the name “coding tree units.” A coding block 15 an NxN block of
saraples. A CU may be a coding block of luma saruples and two corresponding coding
blocks of chroma samples of a picture that has a luma saraple array, a Ch sample array
and a Cr sample array, and syntax structures used to code the samples of the coding
blocks. Video encoder 20 may partition a coding block ot a CU into one or more
prediction blocks. A prediction block may be a rectangular (1.¢c., square or non-square)}
block of samples on which the same prediction s applied. A prediction upit (PU) of a
CU may be a prediction block of tama samples, two corresponding prediction blocks of
chroma samples of a picture, and syntax structures used to predict the prediction block
saraples. Video encoder 20 may generate predictive fuma, Ch and Cr blocks for luma,
b and Cr prediction blocks of each PU of the CU.

{8062} Video encoder 20 may use intra prediction or inter prediction to generate the
predictive blocks for a PU. If video encoder 20 uses nira prediction to generate the
predictive blocks of a PU, video encoder 20 may generate the predictive blocks of the
PU based on decoded samples of the picture associated with the PU.

{80631 If video encoder 20 uses inter prediction to generate the predictive blocks of a
PU, video encoder 20 may generate the predictive blocks of the PU based on decoded
samples of one or more pictures other than the picture associated with the PU. Video
encoder 20 may use uni-prediction or bi-prediction to generate the predictive blocks of a
P, When video encoder 20 uses uni-prediction 1o generate the predictive blocks fora
PFU, the PU may have a single motion vector. When video encoder 20 uses bi-prediction
to generate the predictive blocks for a PU, the PU may have two motion vectors.

88641 After video cncoder 20 generates predictive huma, Cb and Cr blocks for one or
maore PUs of a CU, video encoder 20 may gencerate a tursa residual block for the CU.
Each sample in the C1s luma residual block indicates a difference between a luma

sample in one of the CU7s predictive tuma blocks and a corresponding sample in the
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CU’s original luma coding block. Tn addition, video encoder 20 may geoerate a Ch
residual block for the CU. Each sample in the CU’s Ch residual block may mndicaic a
difference between a Ch sample in one of the CU’s predictive Cb blocks and a
corresponding sample in the CUs original Cb coding block. Video encoder 20 may
also generate a Cr residual block for the CU. Each sample in the CU%s Cr residoal block
may indicate a difference between a Cr samople in one of the CUs predictive Cr blocks
and a corresponding sample in the CU’s original Cr coding block.

88651 Furthermore, video encoder 20 may use quad-tree partitioning to decompose the
fuma, Cb and Cr residual blocks of a CU into one or more luma, Ch and Cr transform
blocks. 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 be a transform block of luma
samples, two corresponding transform blocks of chroma samples, and syotax structares
used to transform the transtorm block samples. Thus, cach TU of a CU may be
associated with a luma transform block, a Cb transform block, and a Cr transtorm block.
The toma transform block associated with the TU may be a sub-block of the CU%s tama
residual block. The Ch transform block may be a sub-block of the CUs Cb residual
block., The Cr transform block may be a sub-block of the CU’s Cr residual block.
8066} Video encoder 20 may apply one or more transforms to a fuma transform block
of a TU to generate a lama coefficient block for the TU. A coefficient block may be a
two-dirsensional array of transform coefficients. A transforre coefficient may be a
scalar quantity. Video encoder 20 may apply one or more transforms to a Chb transtorm
block of a TU to generate a Ch coefficient block for the TU. Video encoder 20 may
apply one or more transforms to a Cr transforr block of a TU to generate a Cr
coefficient block for the TU.

80671 After generating a coefficient block (e.g., a luma coefficient block, a Cb
coefficient block or a Cr coetticient block), video encoder 20 may quantize the
coefficient block. Quantization generally refers to a process 1n which transforro
coefficients are quantized to possibly reduce the amount of data used to represent the
transform coefficients, providing further compression. After video encoder 20 quantizes
a coefficient block, video encoder 20 may entropy encode syntax elements indicating
the quantized transtorm coefticients, For exaraple, video encoder 20 may perform

Context-Adaptive Binary Arithmetic Coding (CABAC) on the syntax elements
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mdicating the quantized transtorm coefficients. Video encoder 20 may output the
entropy-encoded syntax clements in & bitstream,

80681 Video encoder 20 may output a bitstream that includes the entropy-encoded
syntax elements, The bitstream may include a sequence of bits that forms a
representation of coded pictures and associated data. The bitstream may comprise a
sequence of network abstraction layer (WAL} unus. Each of the NAL units includes a
NAL unit beader and encapsulates a raw byte sequence payload (RBSP). The NAL unit
header may include a syntax element that indicates a MAL umit type code. The NAL
unit type code specified by the NAL unit beader of a NAL unit indicates the type of the
NAL unit. A RBSP may be a syntax structure containing an integer number of bytes
that is encapsuolated within a NAL unit. In some instances, an RBSP includes zero bits.
{8069} Different types of NAL units may encapsulate different types of RBSPs. For
example, a first type of NAL unit may encapsulate an RBSP for a picture parameter set
{(PPS}, a second type of NAL unit may cncapsulate an RBSP for a coded slice, a third
type of NAL unit may encapsulate an RBSP for SEI, and so on. NAL anits that
cucapsulate RBSPs for video coding data (as opposed 1o RBSPs for parareter sets and
SEI messages) may be referred to as video coding layer (VCL) NAL units.

{86781 Video decoder 30 may receive a bitstream generated by video encoder 20. In
addition, video decoder 30 may parse the bitstream to decode syntax elements from the
bustrearn. Video decoder 30 may reconstruct the pictures of the video data based at
least in part on the syntax elements decoded from the bitstream. The process to
reconstruct the video data may be generally reciprocal to the process performed by
video encoder 28, For instance, video decoder 30 may use maotion vectors of PUs to
determine predictive blocks for the PUs of 3 current CU.  In addition, video decoder 30
may imverse guantize transform coefficient blocks associated with TUs of the current
CU. Video decoder 30 may perform inverse transforms on the transform coefficient
blocks to reconstruct transtorm blocks associated with the TUs of the current CU.
Video decoder 30 may reconstruct the coding blocks of the current CU by adding the
samples of the predictive blocks for PUs of the current CU to corresponding samples of
the transforro blocks of the TUs of the current CU. By recoustructing the coding blocks
for cach CU of a picture, video decoder 30 may reconstruct the picture,

{3671} In multi-view coding, there may be multiple views of the same scene from

different viewpoints. The term “access unit” is used to refer to the set of pictures that



WO 2014/058598 PCT/US2013/060906

i9

correspond to the same time nstance. Thuas, video data muay be conceptualized as a
series of access untis occurting over tirme. A “view compounent” may be a coded
representation of a view in a single access unit. {n this disclosure, a “view” may refer to
a sequence of view components associated with the same view identifier.

(80721 Multi-view coding supports inter-view prediction. Inter-view prediction is
similar to the joter prediction used in HEVC and may use the same syutax elements,
However, when a video coder performs inter-view prediction on a current video unit
(such as a PU), video encoder 20 may use, as a reference picture, a picture that is in the
sarpe access unit as the current video unit, but in 8 different view. In contrast,
conventional inter prediction only uses pictures in different access units as reference
pictures.

(80731 In multi-view coding, a view may be referred to as a “base view” if a video
decoder {e.g., video decoder 30) can decode pictures in the view without reference 1o
pictures in any other view., When coding a picture in one of the non-base views, 3 video
coder (such as video encoder 20 or video decoder 30) may add a picture into a reference
picture st if the picture is in a different view but within a same time instance (i.c.,
access unit) as the picture that the video coder is currently coding. Like other inter
prediction reference pictures, the video coder may insert an inter-view prediction
reference picture at any posttion of a reference picture list.

{8074} Video coding standards specify video buffering models. Tn H.264/AVC and
HEVC, a butfering mode! is referred to as a “hypothetical reference decoder” or
“HRDV” In HEVC Working Draft 8, the HRD is described 1o Annex C.

[8675] The HRD describes how data 15 to be buffered for decoding and how decoded
data is buffered for output. For instance, the HRD describes the operation of s CPB, a
decoded picture buffer (“DPB”), and 3 video decoding process. The CPB is a first-in
first-out buffer containing access units in a decoding order specitied by HRD. The DPR
is a buffer holding decoded pictures for veference, output reordering, or output delay
specified by the HRD. The behaviors of the CPB and DPB may be mathematically
specified. The HRD may directly impose constraints on timing, buffer sizes, and bit
rates. Furtherroore, the HRD may indirectly impose constraints on various bitstream
characteristics and statistics.

{80761 In H.264/AVC and HEVC, bitstream conformance and decoder conformance arg

specified as parts of the HRID specification. In other words, the HRID model specifies
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fosts to determine whether a bitstream conforms to a standard and tests to determine
whether a decoder conforras to the standard. Though the HRD 18 named as some kind
of decoder, video encoders typically use the HRD o guarantee bitstream conformance,
while video decoders typically do not need the HRD,

(80771 H.264/AVC and HEVC both specify two types of bitstream or HRD
conformance, namely Type T and Type H. A Type I bustrearn is a NAL unit stream
containing only the VCL NAL units and filler data NAL unit for all access units in the
bitstream. A Type I bitstream i3 a NAL unit strear that contains, o addition to the
VCL NAL units and filler data NAL units for all access unifs in the bitstream, at least
one of the following: additional non-VUL NAL ynits other than filler data NAL units;
tratling zevo Sbits syntax elements that form a byte stream from the NAL unit stream.
{BO78] When a device performs a bitstream conformance tost that determines whether a
bitstream conforms to a video coding standard, the device may select an operation point
of the bitstream. The device may then determine a set of HRD parameters applicable to
the selected operation point. The device may use the set of HRIY parameters applicable
to the selected operation point to configure the behavior of the HRD. More particularly,
the device may use the applicable set of HRD parameters to configure the behaviors of
particular components of the HRD, sach as a hypothetical stream scheduler (HSS), the
CPB, a decoding process, the DPB, and so on. Subsequently, the HSS may inject code
video data of the bitstream into the CPB of the HRD according to a particular schedule.
Furthermore, the device may invoke a decoding process that decodes the coded video
data in the CPB. The decoding process may output decoded pictures to the DPB. As
the device moves data through the HRD, the device may determine whether a particular
set of constraints remain satisfied. For example, the device may determine whether an
overflow or underflow condition occurs in the CPB or DPB while the HRID s decoding
the operation point representation of the selected operation point. The device may
select and process each operation point of the bitstream in this manner. I no operation
point of the bitstream causes the constraints to be violated, the device may determine
that the bitstream conforms to the video coding standard.

(60791 Both H.264/AVC and HEVC specify two types of decoder conformance, namely
ouiput timing decoder conformance and output order decoder conformance. A decoder

claiming conformance to a specific profile, tier and level 18 able to successfully decode
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all bitstreams that conform to the bitstream conformance requirements of a video coding
standard, such as HEVC, In thas disclosure, a “profile” may refer to a subset of the
bitstream syntax, “Tiers” and “levels” may be specified within each profile. A level of
a tier may be a specified set of constraints imposed on values of the syntax clements in

the bitstream. These constraints roay be simple Hmits oo values. Aliernatively, the

second). Typically, a level specified for a lower tier s more constrained than a level
spectfied for a higher tier,

13080 When a device performs a decoder conformance test to determine whether a
decoder under test (DUT) conforms to a video coding standard, the device may provide,
to both the HRD and the DUT, a bitstream that conforms t¢ the video coding standard.
The HRID may process the bitstream in the manuer described above with regard to the
bitstream conformance test. The device may determine that the DUT conforms to the
video coding standard if the order of decoded pictures output by the DUT matches the
order of decoded pictures output by the HRID. Moreover, the device may determine that
the BUT conforms to the video coding standard if the timing with which the DUT
outputs decoded pictures matches the timing with which the HRD outputs the decoded
pictures.

(8081} In the H.264/AVC and HEVC HRD maodels, decoding or CPB removal may be
access unit based. That is, the HRD s assumed to decode complete access units at one
fime and remove complete access units from the CPB. Furthermore, in the H.264/AVC
and HEVC HRD models, it is assumed that picture decoding is instantancous, Video
encoder 20 may signal, in picture timing SEI messages, decoding times to start
decoding of access units. In practical applications, if a conforming vides decoder
strictly follows the decoding times signaled to start decoding of access units, the carliest
possible time 1o output a particular decoded picture s equal to the decoding time of that
particular picture phus the time needed for decoding that particular picture. However, in
the real-world, the time needed for decoding a picture cannot be equal (o zero.

(80821 HRD parameters may control various aspects of the HRID. To other words, the
HRD roay rely on the HRD parameters. The HRD pararscters may include an initial
{CPB removal delay, 3 CPB size, a bit rate, an initial DPB output delay, and a DPB size.

Video encoder 20 may signal these HRID parameters in a hrd parameters{ ) syntax
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structure specified in a video parameter set (VPS) and/or a sequence parameter set
(SPS). Individual VPS’s and/or SPS’s may jnclhude multiple hrd_parameters( ) syntax
structures for ditferent sets of HRD parameters. In some examples, video encoder 20
may signal HRD parameters in buffering period SE messages or picture timing SEI
MESRaLEs.

[BO83] As explained above, an operation point of 4 bitstream 1s assoctated with a set of
layer identifiers (i.c., a set of nuh_reserved zero 6bits values) and a temporal identifier,
An operation point representation may include cach NAL unit that is associated with the
operation point. An operation point representation roay have a different frame rate
and/or bit rate than an original bitstream. This i because the operation point
representation may not include some pictures and/or some of the data of the original
bitstrearm. Henee, it video decoder 30 were to remove data from the CPB and/or the
DPB at a particular rate when processing the original bitstream and if video decoder 3
were to remove data from the CPB and/or the DPB at the same rate when processing an
operation point representation, video decoder 30 may remove too much or too hittle data
fromo the CPB and/or the DPB. Accordingly, video encoder 20 may signal different sets
of HRD parameters for different operation points, For instance, video encoder 20 may
inchade, in a VPS, multiple hrd parameters{ } syntax structures that include HRD
parameters for different operation points.

[B084] In HEVC Working Drafi & the set of HRD parameters optionally mcludes a sct
of information that is commnon for all temporal sub-layers. In other words, the set of
HRD parameters may optionally include a set of common syntax clements that are
applicable to operation poinds that include any temporal sub-layers. A teraporal sub-
layer may be a temporal scalable layer of g temporal scalable bitstream consisting of
YVCL NAL units with a particular value of Temporalid and the associated non-VCL
NAL units. In addition to the set of common information, the sets of HRD parameters
may inchude a set of syntax elements that are specific to individual teraporal sub-layers
For instance, the hrd parameters{ ) syntax structure may optionally include a set of
information that is common for all sub-layers and always includes sub-layer-specific
jformation. Because the set of coromon inforrsation 18 common to multiple sets of
HRD parameters, it may be unnecessary 1o signal the set of conwoon jnformation in
multiple sets of HRD parameters. Rather, in HEVC Working Drraft 3, the conumon

mnformation may be present in a set of HRD parameters when the set of HRD
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parameters is the first set of HRD parameters in a VPS or the common information may
be present in a set of HRD pararocters when the set of HRD parameters s associated
with a first operation point index. For instance, HEVC Working Draft 8 supports the
presence of common information when either the hrd parameters () syntax structure is
the first hrd parameters{ } syntax stracture in the VPS or when the hrd_parameters( )
syntax structure s associated with a first operation point index,

[B08S] Table 1, below, 18 an example syntax structure for a hrd parameters( ) syntax

structure in HEVC.
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TABLE 1 - HRD Parameters

hrd parameters{ commonlniPresentFlag, MaxNumSubLaversMinus! 3 { Bescripter
if{ commonintPresentFlag ) {
tivoiag_lofe_present_flag a1y
if{ tirning_info_present flag 3§
num_units_in_tick w32
time_scale u(32)
}
pal_brd_parameters_present_flag u(i
vel_brd_paramecters_present_flag a1y
if{ val_brd _parcarosters_present_flag | | vel hed parametors present_flag ){
sudb_pic_cpb_params_present_fiag u(i
ifi sub_pic_cpb_params_preseni_flag ) {
tick_diviser_minas? wE)
du_cpb_removal_delay lenpth_minusi u(%)
H
bit_rate_scale u{4}
eph_size_scale u(4)
initial_cpb_removal delay_length_minusd w5y
epb_removal delay_length minusi w5y
dpb_output_delay leapth _minas] u(5)
}
H
for{ 1=0;1 <= MaxNumSublLayersMinusi; i++ ) {
fixed_pic_rate_flag{ i] u(iy
iff tixed pic_rate flag{i]}
pie_duration_in_to_minesif i ] ue{v)
fow_delay hrd flag] i} LHED]
epb_cnt_minusii] ue{v)
i nal_hed parameters_present_flag
sub_layer hrd parameters{ i }
if{ vel_hrd parameters present_flag )
sub_laver hrd parameters{i}
1

{30861 In the example of Table 1, above, and other syntax tables of this disclosure,
syntax elemenis with type descriptor ne(v) may be variable-length unsigoed integers
encoded using 0 order expouensial Golomb (Exp-Golomb) coding with left bit first. In
the example of Table 1 and the following tables, syntax clements having descriptors of

the form w(n), where # 18 a non-negative integer, are unsigned values of length n.
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{80871 In the exarople syntax of Table 1, the syntax elements 1o the “if {

commounlutPresentFlag ) { ... }7 block are the cornmon inforraation of the HRD

z
parameter syntax structure. In other words, the common information of the set of HRD
parameters may include the syntax elements timing info present flag,
sum_units_in tick, tivoe scale, nal hrd parameters present flag,

vel brd parameters present flag, sub_pic_cpb pararos present flag,

tick divisor minusZ, du cpb removal delay length minusi, bit rate scale,

cpb_size scale, initial cpb reroval delay length minust,

cpb_rerooval delay length muinusi, and dpb output_delay length munusl,

60881 Furthermore, in the cxample of Table 1, the syntax clements

fixed pic rate flag{i], pic duration in t¢c minusi{i], low delay hrd flag[i], and
cpb_cot minusi{l] may be a set of sub-layer-specitic HRD parameters. In other words,
these syntax elernents of the hrd parameter() syntax structure moay only be applicable to
operation points that include a specific sub-layer. Thus, the HRD parameters of 8

hrd pararseters{) syntax structure may inclade, in addition to the optionally-inchided
common information, a set of sub-layer-specific HRD parameters that is specificto a
particular sub-layer of the bitstream.

{3089} The fixed pic rate flag{i] syntax element may indicate that, when HighestTid is
equal to 1, the temporal distance between the HRD output times of any two consecative
pictures in output order is constrained a specific way, HighestTid may be a variable that
identifies a highest temporal sub-layer (e.g., of an operation point). The
pic_duoration_in_t¢ munusi[i] syntax element may specify, when HighestTid is equal to
1, the temporal distance, in clock ticks, between the HRD output times of any
consecutive pictures in output order in the coded video sequence. The

fow delay hrd flagii] syntax clement may specify the HRD operation mode, when
HighestTid s equal to 1, as specified in Annex C of HEVC Working Draft 8. The
cpb_cot_minusi{i] syotax element may specify the number of alicrnative CPB
specifications in the bitstream of the coded video sequence when HighestTid is equal to
i, wherein one alternative CPB specification refers to one particular CPB operation with
a particular set of CPB parameters.

(80961 Video encoder 20 roay use SEI messages to include, in the bitstream, metadata
that is not required for correct decoding of the sample values of pictures. However,

video decoder 30 or other devices may ose the metadata included in SEI messages for
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various other purposes. For example, video decoder 30 or another device may use the
roctadata in SET roessages for picture output tinung, picture displaying, loss detection,
and error concealment.

{80391} Video encoder 20 may inchude one or more SEI NAL units in an access unit, In
other words, any number of SEI NAL units roay be associated with an access unit.
Furtherrmore, cach SEI NAL umit may countain one or more SEI messages. The HEVC
standard describes the syntax and semantics for various types of SEI messages.
However, the HEVC standard does not describe the handling of the SEI messages
because the SET messages do not affect the normative decoding process, One reason 1o
have SEI messages in the HEVC standard is to cnable supplemental data being
interpreted identically in different systems using HEVC. Specifications and systems
using HEVC may require video encoders to generate certain SEF messages or may
define specific handling of particular types of received SET messa

es. Table 2, below,

o
o

lists SEI messages specified in HEVC and briefly describes their purposes.
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TABLE 2 -~ Overview of SEI messages

SEf message

Purpose

Buffering period

Initial delays for hypothetical reference decoder {HRD)
operation

Picture timing

Picture cutput tirne and picture/sub-picture rernoval fime for
HRED operation

Pan-scan rectangle

Displaying at a different picture aspect ratio (PAR) than the
PAR of the output pictures

Filler payload

Adjusting the bitrate to meet specific constraints

User data registerad
User data
unregistered

SEI messages to be specified by external entitics

Recovery point

Additional information for clean random access. Gradual
decoding refresh.

Scene information

Information about scene changes and transitions

Full-frame snapshot

Indication to label the associated decoded picture as a still-
image snapshot of the video content

Progressive
refinement segment

Indicates that cortain consecutive pictures represent a
progressive refinement of the quality of a picture rather than a
moving scene

Film grain
characteristics

Enables decoders to synthesize film grain

Deblocking filter
display preference

Recommends whether or not displaved pictures should
undergo the in-loop deblocking filter process

Post-filter hunt

Provides suggested post-filier coefficients or correlation
information for post-filter design

Tone mapping

Remapping to another color space than that used or assumed in

mtormation encoding
Frame packing . . . . T

P £ Packing of stereoscopic video jnto an HEVC bitstream
arrangergent B

Display orientation

Specifies flipping and/or rotation that should be applied to the
output pictures when they are displayed

Field indication

Provides information related to interlaced video content and/or
ficld coding, e.g. indicates whether the picture is a progressive
frame, a field, or a frame containing two nterleaved fields

Decoded picture hash

Checksum of the decoded picture, which may be used for error
detection

Sub-picture timing

Sub-picture removal time for HRD operation

Active parameter sety

Provides information on active VPS5, SPS, etc.

Structure of Pictures
deseription

Describes the temporal and inter prediction structure of the
bitstream

7

{8092} U.S. Provisional Patent Application 61/705,102, filed September 24, 2012,

describes varicus methods for signaling and selection of HRD parameters, including
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signaling and selection of delay and timing information in SEI messages. Hannuksela et
al., “AHGY: Operation points 1o VPS and nesting SEL” Joint Collaborative Team on
Video Coding (JCT-VC) of ITU-T 8G 16 WP 3 and ISOAEC JTC 1/8C 29/WG11L, 11
Meeting, Shanghai, CN, 13-19 Oct. 2412, document no. JCTYVC-KGIROvI, which, as of
June 13, 2013, is available at hitp:/phemx.int-

evry.fr/jer/doc _end user/documents/11 Shanghai/wgl ICTVC-KO180-v1zip,
provides ancther method for signaling of HRD paramceters as well as a mechanism for
nesting of SET messages.

80931 There are several problems or shortcomings with existing techniques for
signaling HRD paramceters. For exaraple, the existing techniques may not allow a set of
HRE parameters to be shared by mmltiple operation points. However, when the number
of operation points 15 high, it oy be a burden on video encoder 20 or another unit that
atteropts 10 ensure the conformance of a bitstream to produce different sets of HRD
parameters for cach operation point. Rather, the bitstream conformance may be ensured
by making sure that each operation point is associated with a set of HRD parameters but
that a particular set of HRD parameters roay be shared by multiple operation points.
One or more techniques of this disclosure may provide a design to allow for one set of
HRE parameters to be shared by multiple operation points. In other words, a single set
of HRD parameters may be applicable to multiple operation points. This design may
allow video encoder 20 or another unit that atterapts to ensure the conformance of a
bitgtream to trade-off between complexity and performance,

{80941 Tn another example of the problems or shortcomings with existing techniqgues of
signaling HRD pararocters, when there are ronltiple sets of HRD parameters ina VPS,
may be desirable to have multiple different sets of common information for the sets of
HRE parameters. This may be especially true when there are large numbers of HRD
parameter syntax stractures in a VPS. Thus, it may be desirable to have sets of common
nformation i HRID parameter syntax structures other than the first HRD parameter
syntax structure. For instance, to provide increased performance when there are
multiple hrd parameters{ } syntax stroctures in 3 VPS, particularly when the total
nuraber of hrd parameters( ) syntax structures s relatively high, it may be desivable to
have different coramon information for hrd parameters{ ) syntax structures other than
the common information of the first hrd parameters( ) syntax structure or other than the

common nformation of the first operation point index.
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88951 One or more techniqoes of this disclosure provide a design to aliow for the
common information of sets of HRD parameters to be explicitly signaled for any set of
HRD parameters, For instance, the technigues of this disclosure may allow for the
information that is common for all sub-layers to be explicitly signaled for any
brd parameters{ } syntax structure.
{8096} In this way, video encoder 20 may signal, in a bitstream, a2 VPS that includes a
plurality of HRD parameter syntax structures that cach include HRD parameters. For
cach respective HRD parameter syntax structare in the plurality of HRD parameter
syntax structures, the VPS further includes a syntax clersent indicating whether the
HR parameters of the respective HRD parameter syntax structure include a common
et of HRD parameters in addition to a set of sub-layer-specific HRD parameter
mformation specific to a particular sub-layer of the bitstream. The common set of HRD
parameters is common 1o all sub-layers of the bitstream.
180971 Similarly, video decoder 30 or ancther device may decode, from a bitstream, a
VPS that includes a plurality of HRIY parameter syntax structores that each inchide
HRD parameters. For cach respective HRD parameter syntax structure in the plurality
of HRD parameter syntax structures, the VPS may further include a syntax clement
indicating whether the HRD parameters of the respective HRD parameter syntax
structure include a common set of HRD parameters. Video decoder 30 or other device
may perform an operation using the HRD parameters of at least one of the HRD
parameter syntax structures.
{8098} Furthermore, existing methods for nesting of SEI messages may have several
problems or shortcomings. For example, the existing techimiques of signaling HRD
parameters may not allow for one SEI message to be applied to multiple operation
points. The techniques of this disclosure may provide a design to allow for one SEI
message to be applied to multiple operation points.
{8099} In particular, a scalable nesting SEI message may include syntax clements that
specify multiple operation points applicable to SEI messages nested within the scalable
nesting SEI message. In other words, scalable nesting SEI messages may provide a
mechanism for associating SEI messages with a bitstream subset {e.g., an operation
point representation) or with specific layers and sub-lavers.
{3108} In this way, video encoder 20 may generate a scalable nesting SEI message that

inclades a plurality of syntax elements that identify a plurality of operation points 1o
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which a nested SEI message encapsulated by the scalable nesting SET message applies.
Farthermore, video encoder 20 may signal the scalable nesting SEI message ina
bitstream.

{3161} In this way, video decoder 30 or ancther device may, in a8 video coding process,
decode, from a scalable nesting SET message, a phurality of syntax elements that identify
operation points to which a nested SEI message encapsulated by the scalable nesting
SEI message applies. Furthermore, video decoder 30 or other device may perform an
operation based at least in part on one or roore of syntax elements of the nested SET
essage.

[3302] Another example of the problems or shortcomings with existing technigues of
nesting SEI messages concerns the fact that the existing technigues of nesting SEI
messages do not use the value of a layer identifier syntax element {e.g.,

nuh_reserved zero 6bits) in a current SEI NAL unit to determine an operation point
applicable to scalable nested SEI messages encapsulated by the current SEI NAL unit.
{6183} The technigues of this disclosure provide a design that signals whether an
operation potnt applicable to nested SEI messages in an SEINAL unit is the operation
point indicated by the layer identification information in the NAL unit header of the SE{
NAL unit. The layer identification information in the NAL umit header of an SEI NAL
unit may include the value of nub_reserved zero 6bits and the value of
nuh_temporal id plast of the NAL unit header. In other words, the tochniques of this
disclosure may provide a design for the use of layer identification information {e.g., the
value of nuh_reserved zero 6bits and noh temporal i1d plust) in the NAL unit header
of a current SET NAL unit (1.e., the SEI NAL unit containing the scalable nesting SEI
message), through the signaling of whether the nested SEI messages apply to a default
operation point identified by the layer identification information included in the NAL
unit header of the current SEI NAL it

{8104} In this way, video encoder 20 may include, 1u a scalable nesting SEI message
encapsulated by an SEI NAL unit, a syntax clement that indicates whether a nested SEI
message encapsulated by the scalable nesting SEI message is applicable to a default
sub-bitstream. The detfaolt sub-bitstream may be an operation point representation of an
operation point defined by a layer identifier specified i a NAL untt header of the SEI
NAL unit and 3 temporal identifier specified in the NAL unit header. Furthermore,

video encoder 20 may output a bitstrears that includes the scalable nesting SEI message.
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[6105] Similarly, 8 device, such as video decoder 30 or another device, may determine,
based at least in part on a syntax clement 1n a scalable nesting SET message
encapsulated by an SEI NAL unit, whether a nested SEI message encapsulated by the
scalable nesting SEI message is applicable to a default sub-bitstream. As beforg, the
default sub-bitstream may be an operation point representation of an operation point
defined by a laver identifier speciticd in a NAL unit header ot the SEI NAL unit and a
termporal identifier specified in the NAL unit header. When the nested SEI message is
applicable to the default sub-bitstream, the device may use the nested SET muessage inan
operation on the default sub-bitstrearn. For example, the nested SEI message may
inchude one or more HRD parameters. [o this example, the device may use the one or
more HRD parameters to perform a bitstream conformance test that determines whether
the default sub-bitstream conforms to a video coding standard, such as HEVC.
Alternatively, in this example, the device roay use the one or more HRD parameters to
deternmine whether video decoder 30 sati g decoder conformance test.

[8106] In another example of the problems or shortcoming of the existing methods for
nesting of SEI messages, the explicit coding of layer identifiers s inefficient. The
echnigues of this disclosure may increase the efficiency of explicit coding of layer
identifiers through differential coding or coding using flags.

(810771 FIG. 2 18 a block diagram tllustrating an example video encoder 20 that may
wmplerment the techniques of this disclosure. FIG. 2 is provided for purposes of
explanation and should not be considered Hmiting of the technigues as broadly
exemplified and described in this disclosure. For purposes of explanation, this
disclosure describes video encoder 20 in the context of HEVC coding. However, the
echniques of this disclosure may be applicable to other coding standards or methods.
{108} In the example of FIG. 2, video encoder 20 imcludes a prediction processing unit
{00, a residual gencration unit 102, a transform processing unit 104, a quantization anit
106, an inverse quantization unit 108, an inverse transtform processing unit 110, a
reconstruction unit 112, a filter unit 114, a decoded picture buffer 116, and an entropy
encoding unit 118, Prediction processing unit 180 inchudes an inter-prediction
processing unit 120 and an intra-prediction processing unit 126, Inter-prediction
processing untt 120 includes a motion estimation unit 122 and a motion compensation
unit 124, In other examples, video encoder 20 may include more, fewer, or different

functional components,
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[8109] Video encoder 28 may receive video data. Video encoder 20 may encode cach
CTU in a shice of a picture of the video data. Hach of the CTUs may be associated with
equally-sized luma coding tree blocks (CTBs) and corresponding CTBs of the picture.
As part of encoding a CTU, prediction processing vnit 133 may perform quad-tree
partitioning to divide the CTBs of the CTU into progressively-smaller blocks. The
smaller blocks may be coding blocks of CUs. For example, prediction processing unit
100 may partition a {TH associated with a CTU into four equally-sized sub-blocks,
partition one or more of the sub-blocks into four equally-sized sub-sub-blocks, and so
oL

133110] Video encoder 20 may encode CUs of a CTU to generate encoded
representations of the CUs (i.e., coded CUs). As part of encoding a CU, prediction
processing unit 100 may partition the coding blocks associated with the CU among one
or roore PUs of the CU. Thus, each PU may be associated with a lama prediction block
and corresponding chroma prediction blocks. Video encoder 20 and video decoder 30
may support PUs having various sizes. As indicated above, the size of a CU may refe
10 the size of the luma coding block of the CU and the size of a PU yuay refer 1o the size
of a turma prediction block of the PU. Assuming that the size of g particular CU &
ZNxZN, video encoder 20 and video decoder 30 may support PU sizes of ZNXZN or
NxN for intra prediction, and symmetric PU sizes of 2Nx2N, 2NxN, N2N, NxN, or
similar for inter prediction. Video encoder 20 and video decoder 30 may also support
asymumetric partitioning for PU sizes of ZNxnU, 2NxnD, nLxZN, and nRx2N for inter
prediction.

{81111 Inter-prediction processing unit 120 may generate predictive data for a PU by
performing inter prediction on cach PU of a CU. The predictive data for the PU may
inchade predictive blocks of the PU and motion information for the PU. Inter-prediction
processing unit 120 may perform differcut operations for a PU of a CU depending on
whether the PU s in an { slice, a P slice, ora B slice. In an [ slice, all PUs are intra
predicted. Hence, if the PU is in an | slice, inter-prediction processing unit 120 does not
perform inter prediction on the PU. Thus, for blocks encoded in I-mode, the predictive
block s forrued using spatial prediction from previously-encoded neighboring blocks
within the same frame,

{$112] [fa PU is in a P slice, motion gstimation unit 122 may search the reference

pictures in a list of reference pictures (e.g., “RetPicList0”) for a reference region for the
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PU. The reference region for the PU may be a region, within a reference picture, that
contains sample blocks that most closely correspond to the sample blocks of the PU.
Motion estimation unit 122 may generate a reference index that indicates g position in
RefPicListh of the reference picture containing the reference region for the PU. In
addition, motion estimation unit 122 may generate a motion vector that indicates a
spatial displacement between a coding block of the PU and a refercuce location
associated with the refercnce region. For instance, the motion vector may be a two-
dimensional vector that provides an offSet from the coordinates in the current picture to
coordinates in a reference picture. Maotion estiteation unit 122 may output the reference
index and the motion vector as the motion information of the PU. Motion compensation
unit 124 may generate the predictive blocks of the PU based on actual or interpolated
samples at the reference location indicated by the motion vector of the PUL

(8113} Ifa PU s iu a B shice, motion estimation unit 122 may perform uni-prediction or
bi-prediction for the PU. To perform uni-prediction for the PU, motion estimation unit
122 may search the reference pictares of RetPicListd or a second reference picture list
{*RefPiclist]™) for a reference region for the PU. Motion estimpation unit 122 may
cutput, as the motion information of the PU, a reference index that indicates a position
in RefPicListd or RefPicList] of the reference picture that contains the reference region,
a motion vector that indicates a spatial displacement between a prediction block of the
PU and a reference location associated with the reference region, and one or more
prediction direction indicators that indicate whether the reference picture 15 in
RefPicList0 or RefPicListl. Motion compensation unit 124 may generate the predictive
blocks of the PU based at least in part on actual or interpolated samples at the reference
region indicated by the motion vector of the PUL

#1314} To perform bi-directional inter prediction for a PU, motion estimation unit 122
may search the reference pictures in RefPicListd for a reference region for the PU and
may also search the reference pictures in RefPicListl for another reference region for
the PU. Motion estimation unit 122 may generate reference indexes that indicate
positions in RefPicList) and RefPicListl of the reference pictures that contain the
reference regions. In addition, motion estiraation unit 122 may generate motion vectors
that indicate spatial displacements between the reference locations associated with the
reference regions and a prediction block of the PU. The motion information of the PU

may include the veference indexes and the motion vectors of the PU. Motion
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compensation anit 124 may generate the predictive blocks of the PU based at least in
part on actual or interpolated samples at the reference region indicated by the motion
vector of the PU.

{3115} Intra-prediction processing unit 126 may generate predictive data fora PU by
perforring intra prediction on the PU. The predictive data for the PU may inclade
predictive blocks for the PU and various syntax clements, Intra-prediction processing
unit 126 may perform intra prediction on PUs in { slices, P shices, and B shices.

[8116] To perform intra prediction on a PU| intra-prediction processing unit 126 may
use multiple intra prediction roodes to generate multiple sets of predictive data for the
PU. Imtra-prediction processing unit 126 may generate a predictive block for a PU
based on samples of neighboring PUs. The neighboring PUs may be above, above and
to the right, above and to the left, or to the left of the PU, assuming a left-to-right, top-
to-hottom encoding order for PUs, CUs, and CTUs. Intra-prediction processing unit
126 may use various numbers of intra prediction modes, ¢.2., 33 directional intra
prediction modes. In some examples, the number of intra prediction modes may depend
on the size of the prediction blocks of the PU.

(61171 Prediction processing unit 100 may sclect the predictive data for PUs of a CU
from among the predictive data generated by inter-prediction processing unit 120 for the
PUs ov the predictive data geoerated by intra-prediction processing unit 126 for the PUs,
Tn some exaraples, prediction processing unit 100 selects the predictive data for the PUs
of the CU based on rate/distortion metrics of the sets of predictive data. The predictive
blocks of the selected predictive data may be referred to herein as the selected predictive
blocks.

06118} Residual generation unit 102 moay generate, based on the luma, Cb and Cr
coding block of a CU and the selected predictive luma, Cb and Cr blocks of the PUs of
the CU, hurna, Chb and Cr vesidual blocks of the CULL For instance, residual generation
unit 102 may generate the residual blocks of the CU such that cach sanple in the
residual blocks has a value equal to a difference between a sample 1o a coding block of
the CU and a corresponding sample in a corresponding selected predictive block of a
PU of the CU.

{8139 Transform processing voit 104 may perform quad-tree partitioning to partifion
the residual blocks of a CU into transform blocks associated with TUs of the CU. Thus,

a TU may be associated with a huma trausform block and two corresponding chroma
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transtorm blocks. The sizes and positions of the tua and chroma transform blocks of
TUs of a CU way or may not be based on the sizes and positions of prediction blocks of
the PUs of the CU. A quad-tree structure known as a “residhual quad-tree” (RQT) may
include nodes associated with each of the regions. The TUs of a CU may correspond o
feaf nodes of the RQT.

{8128} Transtform processing unit 104 may generate transtorm coetticient blocks for
cach TU of g CU by applying one or more transforms to the transform blocks of the TU.
Transtform processing unit 104 may apply various tranaforms o a transform block
associated with a TU. For exarmple, transform processing unit 104 may apply a discrete
cosine transform (DCT), a directional transform, or g conceptually-similar transform to
a transform block. In some examples, transform processing unit 104 does not apply
transforms to a transform block. In such examples, the transform block may be treated
as a transtorm coctticient block.

16121} Quantization unit 106 may quantize the transform coefficients in a coefficient
block. The quantization process may reduce the bit depth associated with some or all of
the transform coefficients. For example, an #-bit transform coetticient may be rounded
down to an m-bit transform coefficient during guantization, where » is greater than m.
Cuantization unit 106 may quantize a coeflicient block associated with a TU of a CU
based on a quantization parameter {QP) value associated with the CU. Video encoder
20 roay adjust the degree of quantization applied to the coetficient blocks associated
with a CU by adjusting the QP value associated with the CU. Quantization may
introduce loss of information, thus quantized transform coefficients may have lower
precision than the original ones.

{61221 Inverse quantization unit 108 and inverse transform processing unit 110 may
apply inverse guantization and inverse transforms to a coefficient block, respectively, o
reconstruct a residual block from the coefticient block. Recoustruction unit 112 may
add the reconstructed residual block to corresponding samples from one or more
predictive blocks generated by prediction processing unit 100 to produce a recounstructed
transform block associated with a TU. By reconstructing transtform blocks for each TU
of a CU iu this way, video encoder 20 roay recounstruct the coding blocks of the CUL

{1 23] Filter umit {14 may perform one or more deblocking operations to reduce
blocking artifacts i the coding blocks associated with a CUL Decoded picture buffer

{16 may store the reconstructed coding blocks after filter unit 114 performs the one or
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more deblocking operations on the reconstructed coding blocks. Tnter-prediction
processing untt 120 may use a reference picture that contains the reconstrucied coding
blocks to perform inter prediction on PUs of other pictures. In addition, intra-prediction
processing unit 126 may use reconstrucied coding Mocks in decoded picture buffer 116
to perform jotra prediction on other PUs in the same picture as the CUL

{8124} Entropy encoding unit 118 may receive data from other functional components
of video encoder 20. For example, entropy encoding unit 118 may receive coefficiont
blocks from quantization unit 106 and may receive syotax elements from prediction
processing untt 100, Entropy encoding unit |18 may perform one or more entropy
encoding operations on the data to generate entropy-encoded data. For example,
entropy encoding unit 11¥ may perform a context-adaptive variable length coding
(CAVLC) operation, a CABAC operation, a variable-to-variable (V2V) length coding
operation, a syntax-based context-adaptive binary arithmetic coding (SBAC) operation,
a Probability Interval Partitioning Entropy (PIPE) coding operation, an Exponential-
Golomb encoding operation, or another type of entropy encoding operation on the data.
Video encoder 20 may output a bitstrearm that inchudes entropy-encoded data generated
by entropy encoding unit 118, For instance, the bitstream may include data that
represents a RQT fora CLIL

(8125} As indicated above, the techniques of this disclosure may provide a design to
allow for the common information of HRD parameter syntax structures to be explicitly
signaled for any HRID pararaeter syntax structure in & VPS. To enable the common
information of HRD parameter syntax structures to be explicitly signaled for any HRD
parameter in a VPS, video encoder 20 may generate VPS synfax structures that conform

to the cxarnple syntax shown in Table 3, below.
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TABLE 3 - VPS Syntax Structure

video_parameter_set_rbsp( ) { Descriptor
video_parameter_set_id u(4}
vps_texosporal_id_oesting_ flag i)
reseyved_zere_2bits u(2
reserved_zerg Sbits u(6}
vps_max_sub_layers_minusi u(3)
profile_nier levell |, vps_max_sub_layers_minusi )
next essential_info_byte_offsct /reserved zero 12bifs in the base spec w2}
for{ 1=10;1 <= vps_max_sub_lavers minusl;it+} {
vps_mmax_dec_pic buffering] ] us{v)
vps_max_num_reorder_pics{ i ] ue{v)
vps_max_latency_increase]i] uelv)
:
num_ops_minasi ue(v)
for{ i=1;1<=num_ops_minusl; i++ )}
operation poin )
vps_oum_hrd_parameters ue{v)
for( 1=0; i < vps_mum_hrd parameters; i++ 3 {
hrd_applicable_ops_minusifi] uelv)
Jorfj =0:7 <= hrd applicable ops minusifi]: j++ ) {
brd op ddx{i{{;] ue(v)
i)
cprmis_present_flagl i}
hrd_parameters{ cprms_present_flag{ 1 | vps_max_sub lavers_minusi }
;
vps_extension_flag u(iy
H vps_extension_flag )
while( more_rbsp_data{ )}
vps_extension_data_flag w{)
rhsp_trallng_bits()
}

{3126} Italicized portions of Table 3 indicate differences between the syntax of Table 3
and the corresponding table from HEVC Working Draft 3. Furthermore, in the example
syntax of Table 3, the nuro_ops_minus! syntax element specifies the number of
operation point{ ) syntax structures present in the VPS, The

hrd applicable ops minusifi] syntax element specifies the number of operation points
to which the /-th hrd_parameters( ) syntax structure apphies. The hrd_op dx[i}{j]
syntax element specifies the j-th operation point to which the i-th brd_parameters( )

syntax structure in the VPS applies. As mentioned brietly above, the techpiques of this
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disclosure may allow for one set of HRD parameters o be shared by multiple operation
points, The hrd applicable ops_muousi[i] syndax clements and the hed_op idx[ii[i]
may serve to indicate operation points to which a set of HRD parameters applies. In
some examples where multiple operation points are not allowed to be applicable to a
single set of HRD parameters, the hrd_applicable ops mimisti] syntax elements and
the hrd op 1dx[i}(3] syntax clements are omitted from the Table 3.

(8127} In the example syntax of Table 3, a VPS may include 2 set of comumon
parameters present flags (e, syntax elements), denoted in Table 3 as

cprms_present flaglil. A cpros present flagli] syntax eloment equal to 1 specifies that

the HRD parameters that are comunon for all sub-layers are present in the i-th

hrd parameters{ ) syntax structure in the VPS. A cprms present flag{i] syntax element
equal to § specifies that the HRD parameters that are common for all sub-layers are not
present 1o the i-th hrd parameters( ) syntax structure in the VPS5 and are instead derived
o be the same as the { 7 —~ 1)-th hrd parameters{ } syntax structure in the VPS,

(81281 cprms_present flag{0] may be inferred to be equal to 1. That s, a device may
automatically determine (Lo, infer) that the first (o coding order) hrd_parameters( )
syntax structure 1o the VPS8 includes HRD parameters that are common for all sub-
layers. Consequently, the first HRD parameter syntax structure signaled in the VPS
mcludes a common set of HRD parameters. One or more subsequent HRD parameter
syntax structures i the VPS may include different conunon sets of HRD parameters,
18129] As mentioned briefly above, the techniques of this disclosure may aliow for the
common information {i.e., HRD parameters common to each of the sub-layers) of HRD
parameter synfax structures to be explicitly sigualed for any HRD parameter syntax
structure. The cprms present flag{i] syntax element of Table 3 may enable video
decoder 30 or another device to determine which of the HRD parameter syntax
structures inchude a set of HRD parameters coromon {0 each of the sub-layers. Thus,
while the first HRI parameter syntax structure may always jachude the coramon set of
HRD parameters, one or more HRE parameter syntax structures signaled in the VPS do
not inchide the common set of HRD parameters. A device may use the
cprms_present_{lagli] syntax elements to determine which of the HRD parameter
syntax structures of the VPS8 include coramon sets of HRD pararcters.

[#136] Ap HRD parameter syntax structure {(e.g., a hrd parameters( ) syntax structure)
may include the set of sub-layer-specific HRD parameters regardiess of whether the
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HRD parameter syntax structure includes HRD pararseters that are common for all sub-
lavers. When video decoder 30 or another device deterroines that a particular HRD
parameter syntax structure does not include the common set of HRD parameters, video
decoder 30 or the other device may perform an operation using a common set of HRD
parameters associated with a previous HRD parameter syntax structure and the set of the
sub-layer-specific HRD parameters of the particular HRD parameter syntax structure.
The previous HRED parameter syntax structure may be a set of HRD parameters signaled
ju the VPS before, o coding order, the particular HRE parameter sywntax structure., If
the previous HRD parameter syntay structure includes 4 coromon set of HRD
parameters, the common set of HRID parameters associated with the previous HRD
parameter syntax strocture 18 the common set of HRD parameters inchrded in the
previous HRD parameter syntax structure. If the previons HRD parameter syntax
structure does not include the comamon set of HRID parameters, a device may determine
that the common set of HRD pararneters associated with the previous HRD parameter
syntax structure 18 the common set of HRE parameters associated with a HRD
parameter synfax structure prior, in coding order, to the previous HRD parameter syntax
structure in coding order.

#1311 As mentioned above, a device may perform an operation using a comumon set of
HRI parameters and sub-layer-specitic HRD parameters. During this operation, the
device may roanage the operation of a CPB according to oune or more of the HRD
parameters, decode the video data, and manage decoded pictures in DPB according to
one or more of the HRD parameters. [n another example, the common set of HRD
parameters and sub-layer-specific HRD pararoeters roay be used to pertorm a bitstream
conformance test or a decoder conformance test.

{132} Furthermore, in some examples, a scalable nesting SEI message provides a
mechanism for associating SET messages with bitstrearn subsets (e.g., operation pont
representations ) or with specific layers and sub-layers. To some such examples, a
scalable nesting SEI message may contain one or morg SEI messages. An SEI message
contained in a scalable nesting SEI message may be referred to as a nested SEI message.
An SET message not contained in a scalable nesting SEI message may be referred to as a
non-unested SEX message. In some examples, a nested SET message in a scalable nesting

SEI message may inchude a set of HRD parameters.
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{81331 In some examples, there are several limitations on which types of messages roay
be nested. For example, a buffering period SEf message and an SET roessage of any
other type may not be nested in the same scalable nesting SE1 message. A buffering
period SET message may indicate initial delays for HRD operatiﬂﬂ. In another example,
a picture timing SEI message and an SET message of any other type may not be nested
in the same scalable nesting SEY roessage. A picture tuming SE roessage may indicaie a
picture output time and a picture/sub-picture removal tirne for HRD operation. In other
examples, a pictare fiming SET message and a sub-picture timning SEI message may be
nested in the same scalable nesting SET message. A sub-picture tuming SEI roessage
may provide CPR removal delay information for the decoded unit associated with the
SEI message.

{8134} As indicated above, one or more techniques of this disclosure may allow for one
SEI message 10 be applied to multiple operation points. Furthermore, one or more
techniques of this disclosure may enable video encoder 20 to signal whether an
operation point applicable to a nested SET message in an SEI NAL unit 1s the operation
point indicated by the layer identification information in the NAL unit header of the SET
WAL unit. In addition, one or more techniques of this disclosure may increase the
efficiency of explicit coding of layer identifiers through differential coding. The
example syntax shown in Table 4, below, and the accompanying semantics may

wmplement these techniques.
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TABLE 4 — Scalable Mesting SEI Message

scalable nesting{ pavicadiize ) { Descriptor

bitstream_subset_flag u(l)

it birstream_subset flag } {

default_op_applicable_flag it}

nesting_num_ops_minusi ue(v)
;efse

nesting ap_flag uil)

Jor(i=0:i<=nesting num_ops_minust; i++ )

pesting_max_temporal_id plusifi] u{3)

i nesting op flag )

Jord i =i <= pesting_num_ops_minusi; i++)

nesting pp ddxf i/ (v
else |
all_layers flap u(ly

i{ tall layers flag} {

nesting num_layers_minusi ue{vy

for( 1 =0; | <= pesting_vum_layers_minust; i++ )

nesting layer id deftal 1] welv)

——

i
5

RPN

while( thyte_aligned( )}

pesting_zeve_bit /* equal to 0 %/ u(l)
o

sei_message( )

while{ more_rbsp_data( )

8135} In the example of Table 4, italicized portions may indicate differences from
HEVC Working Draft 8. Specifically, in the example syntax of Table 4, a

bitstream subset flag syntax element equal to 0 specifies that SEI messages nested in
the scalable nesting SET message apply to specific layers and sub-layers. A
bitstream_subset flag syntax clement equal 1o 1 specifies that the SET messages nested
in the scalable nesting SEI raessage apply t0 a sub-bitstream resulting from g sub-
bitstream extraction process of subclause 10,1 of HEVC Working Diraft 8 with inputs
specified by the syntax elements of the scalable nesting SEI message as specitied below.,
Subclause 10.1 of HEVC Working Draft ¥ describes an operation for extracting a sub-
bitstream (1.e., an operation point representation) from the bitstream. Specifically,
sabclause 10.1 of HEVC Working Draft R provides that the sub-bitstream is derived by

removiong froro the bustrearn all NAL units with teroporal identitiers (e.g., TeroporaliD)
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greater than tidTarget or layer wdentifiers {o.g., nuh_reserved zero 6bits) not among the
values in targetDeclayeridSet, tIdTarget and targetDecLayerldSet are parameters of
the bitstream extraction process. In some examples, if the nested SEI moessages are
picture buffering SEI messages, picture timing SEI messages or sub-pictare timing SEI
messages, the bitstream_subset flag syntax element s equal to 1. Otherwise, in such
examples, the bitstream_subset_flag syutax element 5 equal to 0.
18136] Furthermore, in the example syntax of Table 4, the scalable nesting SHI messgage
jchides a detault op applicable flag syntax element if the bitstrearm_subset flag
syntax clement is equalto |, A defauit_@p_appiie;:abEf:_fia,g syutax element equal to |
specifics that the nested SEI messages (i.¢., the SEI messages nested within the scalable
nesting SEI message) apply to a defauit sub-bitstream that is the output of the sub-
bitstrear extraction process of subclanse 10,1 of HEVC Working Divaft § with inputs
tdTarget equal to the teroporal identifier { Temporalld) of the current SEI NAL unit and
targetDecLayeridSet consisting of all values of muh reserved zero 6bits in the range of
O to nuh_reserved zero Obits of the cuvrent SEI NAL unit, inchisive. Thas, the defaunlt
sub-bitstream may be the bitstream that 1 derived by rersoving from the bitstream all
WAL units with temporal identifiers greater than the temporal identifier of the current
SEI NAL unit or layer identifiers in the range of 0 to the layer identifier (o.g.,
vuh_reserved zero 6bits) of the current SEI NAL unit, inchisive. For instance, the
default sub-bitstrear may be a subset of a bitstream and the default sub-bitstream may
not inchude VCL NAL units of the bitstream that bave layer wdentifiers greater than the
layer identifier indicated by the layer identifier syntax element of the NAL unit header

greater than the teroporal identifier indicated by the

&

or have temporal identifiers
terporal layer wdentifier syntax element {e.g., nub temaporal id plusl) of the NAL unit
header. A defauit op applicable flag syntax element equal to 0 specifies that the
vested SEI messages do not apply to the default sub-bitstream,

{8137} In the example symtax of Table 4, the scalable nesting SET message includes
nesting num_ops minus] syntax clement if the bitstream subset flag syntax clement is
equal to 1. The nesting num ops minust syntax element, plus 1, specifies the number
of nesting op_idx[i] syntax elements in the scalable nesting SET message. Thus, if the
nesting mura_ops_ounusl syotax eleraent, plus 1, is greater than §, the
nesting num ops_minusi syntax element may indicate whether the scalable nesting

SEI message includes a phurality of syntax elements that identify multiple operation



WO 2014/058598 PCT/US2013/060906

43

points to which the nested SET messages are applicable. In this way, a device may
decode, from the scalable nesting SEI message, a syotax cleroent
(nesting num ops minusl) that indicates the number of operation points to which the
nested SEI message applies. When the nesting num ops minus i syntax clement is not
present, the value of nesting_vum_ops_minas! reay be inferred to be equal to 8. Thus,
if the bitstream subset flag syntax element 15 equal to 0, the scalable nesting SEI
message inchudes no nesting op idx[i] syntax clements.

[8138] A nesting_op_flag syntax element equal to O specifies that nestingLayerldSet[(]
is specified by the all Jayers flag syntax element and, wheo present, a
nesting fayver id deltai] syniax element for all values 7 in the range of 0 10
nesting num layers minusl, inclusive. The nestingLayerldSet{] syntax clements are
an array of layer identifiers. A vesting op_flag syntax element equal to 1 specifies that
nestinglayerldSet[i] is specified by the nesting op udx[1] syntax clement. When not
present, the value of nesting op flag is inferred to be equal to 1.

[6139] The nesting max_temporal id plasifi] syntax clement specifics a variable
roax Temporalld(i]. In the exarople syntax of Table 4, the value of the

nesting max_temporal id plusi{i] syntax element is greater than the value of the

nuh temporal id plost syntax element of the current SEI NAL unit {ie., the NAL unit
that contains the s¢alable nested SET message). The variable maxTemporalldii] is set
equal to nesting max_teroporal wd plustii} -1,

{3340} The nesting op idx{i] syntax clement is used to specify the set
nestinglayeridSet[i]. The set nestingLayerldSet{i] rmoay consist of

op layer ] nesting op_idx 1] with all values of 1 in the range of 0 to

op num layer id values munusi{ nesting op idx ], inclusive. The active VPS may
specify the op laver 1] | Jand op_num layer values minusi{ ] valoes.

(8141} Furthermore, in the example syntax of Table 4, an all layers flag syntax
clement equal to § specifies that the set nestinglayerfdSet[0] consists of
nestingbayerid!i] for all values 7 in the range of {} to nesting mum layers minusl,
inchisive. The variable nestingbayerld]i] is described below. An all layers flag syntax
cleroent equal to 1 specifies that the set nestingLayerfdSet consists of all values of
nuh_reserved zero Gbits present i the current access unit that are equal 1o or greater

than nuh reserved zero 6bits of the current SEI NAL wmit.
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{61421 The nesting num_layers mimist syntax element, plas 1, specifies the number of
nesting layer wd deltali] syntax clements in the scalable nesting SET message. A
nesting layer 1d delali] syntax element, when 7 is cqual to 0, specifies the difference
between the first (.. the (-th) nuh _reserved zero 6bits value mclnded in the set
vestinglayerldSet[(t] and the nuh_reserved zero 6bits syntax clersent of the current
SETNAL unit. A nesting layer id deltali] syntax cleroent, when 7 is greater than §,
specifies the difference between the /-th and the (7 — 1)-th nub _reserved zero 6bits
values included in the set nestingLayeridSet{G].

{143} The variable nestingLayerld[i] may be derived as follows, where

nuh reserved zero Obits is from the NAL unit header of the current SEI NAL unit.

nestinglayerld] 0 1= nub_reserved zeve 6bits + nesting layer 1d deltaf 0 ]
for{ 1=1; 1<=nesting_num_layers_ronusl; i++)

nestinglayertd! 1 | = nestinglayer{d] i —~ 1 ] + nesting layer id delta] 1 ]

The set nestingLayerldSet] 0 ] is set to consist of nestinghayerld[i] for all 7 values in the
range of  to nesting num layers minusl, inclusive. When the bitstream subset flag
syntax element is equal to 0, the nested SEI messages apply to NAL units with

nuyh reserved rzero 6bits included in the set nestinglayerIdSet{0] or equal to
nuh_reserved zero 6bits of the current SEF NAL unit, and with nuh_teraporal id plust
in the range of muh temporal id plusl of the current SEI NAL unit to

maxTemporalld] 0 ]+ I, inclusive. When the bitstream_subset flag syntax element is
equal to 1, the nested SEI messages apply to the output of the sub-bitstream extraction
process of subclause 10.1 of HEVC Working Draft ¥ with inputs tldTarget equal to

max Temporalid{i

and targetDecLayerldSet equal to nestingLayerldSet{i} for each {
value in the range of 0 to nesting_mum_ops_minusi, inclusive, and when the
default op applicable flag syontax clement is equal to 1, the nested SET messages also
apply to the default sub-bitstream. The extracted sub-bitstreamn may result from
removing all NAL units with temporal identifiers greater than maxTemporalid{i] or
layer identifiers in the range of § to nesting_oum_ops_minus],

{61441 To this way, for at least one respective operation point in the plurality of
operation points to which the nested SEI message applies, a device {¢.g., video encoder

20, video decoder 30, or another device, such as a content delivery network device) may
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decode, from the scalable nesting SEI message, a first syotax element {¢.g.,
nesting roax_temporal 1d phusi{i]) and a second syntax clement (¢.g.,
nesting op wdx[i]). Furthermore, the device may determine, based at least in part on the
first syntax element, a maximuom temporal identifier of the respective operation point.
The device roay determine, based at least in part on the second syntax clement, a set of
layer identifiers of the respective operation point,

{8145} In the example of Table 4, the nesting zero bit syntax clement is equal to 0.

The vesting_zero bit syntax element may serve to ensure that the scalable nesting SEX
raessage  byte aligned. The scalable nesting SET message may be byte aligned when
the number of bits in the scalable nesting SEI message is divisible by 8.

{146} Furthermore, in the example of Table 4, sei_message( ) syntax structures include
SEI messages. Thus, a device may decode, from the scalable nesting SEI message, a
plurality of nested SET roessages encapsulated by the scalable nesting SE1 message.
Each of the nested SEI messages may be applicable to all of the operation points
identified by the phurality of syntax elements {e.g., nesting_max_temporal id plusifi],
nesting op_idx{i], etc.).

{61471 In an alternative example, scalable nesting SEf messages may conform to the
example syntax of Table §, below. In the example syntax of Table §, a scalable nesting
SEI message may, in accordance with the one or more techniques of this disclosure,
increase the efficiency of explicit coding of layer wdentifiers through the use of coding

flags.
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TABLE 5 — Scalable Mesting SEI Message

scalable nesting{ pavicadiize ) { Descriptor

it birstream_subset flag } {

default_op_applicable_flag it}

nesting_num_ops_minusi ue(v)
;efse

nesting ap_flag uil)

Jor(i=0:i<=nesting num_ops_minust; i++ )

pesting_max_temporal_id plusifi] u{3)

i nesting op flag )

Jord i =i <= pesting_num_ops_minusi; i++)

nesting pp ddxf i/ (v
else |
all_layers_flag w )

if{ fall_layers flag ) {

unesting _max layer id i 6)

windaverid = nuh_reserved zero Shits + 1

Jor(i=10.1<nesiing max_laver_id — minLaverid: i++)

westing layer id included flag{ i} He(v)
¥
H
3
¢
while{ Tbyte_aligned( )}
nesting_zevo bit /Feoqual to %/ uil}
Do

sei_message( }

while{ wore_rbsp_data( })

8148} In the example of Table 5, the italicized portions show differences from HEVC
Working Draft 8. As shown in Table §, the bitstream_subset flag syntax clement, the
default op applicable flag syntax clement, the nesting num_ ops _minusi syntax
element, the nesting max_temporal id phust syntax clement, the nesting op  udx|[7]
syntax element, and the nesting_zero bit syotax clersent may have the same semantics
as described above with regard to Table 4.

{8149} Furthermore, in the example of Table 5, a variable minLayerid is set equal to
nuh reserved zero 6bits + 1, where nuh reserved zero 6bits is from the NAL unit
header of the curvent SEINAL unit. A nesting op_flag syntax clement equal t0 0
specifies that the set nestinglaveridSet{(1] is specified by the all layers flag syntax

element and, when present, nesting layer id incloded flag[i] for ali values 7 1o the
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range of § to nesting_max_layer id — minLayerld — 1, inclusive. A nesting op flag
syntax element equal 1o 1 specifies that the set nestinglayerldSct[i] is specified by the
nesting op idx{7] syotax clement. When the nesting op flag syntax clement is not
present, the value of nesting op flag is inferred to be equal to 1.

[3150] In the example of Table §, an all_layers tlag syntax element equal to 0 specifies
that the set nestingLayeridSet{] consists of nestingLayerid{i] for all 7 values in the
range of 0 to nesting max laver id — minlayerld, inclusive. The nestinglayerid[i]
variable is described below. 1n the example of Table 5, an all lavers flag equalto 1
specifies that the set nestinglaverfdSet consisis of ali values of

nuh reserved zero Obits present in the current access unit that are greater than or equal
to the nuh reserved zero 6bits syntax element of the current SEI NAL unit.

(3151} Furthermore, in the example of Table §, the nesting_max_layer id syntax
clement specifies the greatest value of nub_reserved zero 6bits in the set
nestingLayeridSet{0]. A nesting layer id included flagli] syntax element equalto 1
specifies that the value of nub_reserved zero 6bits equal to 7 + minLayerid is inchuded
in the set nestingLayerldSet[0]. A nesting layer id inchuded flagfi] syntax clerment
equal to 0 specifies that the value of nuh_reserved zero 6bits equal to 7 + minbaverld s
not included in the set nestingLayeridSei[8].

{8152} The variable nestingMumLayersMinust and the variables vestingLayerld[i] for 7

in the range of 0 to nestingNumbLayersMinus 1, inclusive, may be derived as follows:

for{ 1 =0, 1= {; 1t <uvesting_max_layer id; ¥+ )
i nesting layer id_incuded flag[ 1]}
nestinglayerld] j++ ] =1+ minLayerld

nestinglayerid]

= nesting max layer id

nestingMumLayersMinus! = j

The set nestingbayerldSet{0] may be sct to consist of nestingbayerld{i] for all 7 values
in the range of {# to nestingMNumLayersMinusi, inclusive.

{81531 When the bitstream_subset_flag syntax element 1s equal to §, the nested SEI
roessages may apply to NAL units with nuh_reserved zero 6bits jnchuded in the set
nestinglaveridSet{(t] or equal to the nubh _reserved zero 6bits syntax element of the

carrent SET NAL unit, and with nuh_temporal id plos? in the range from the
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nuh temporal id plust syntax element of the current SEINAL unitto

max Temporalld] 0 ]+ 1, inchusive.

(61541 When the bitstream_subset flag syntax clement of the scalable nested SEI
message is equal to 1, the nested SEI messages may apply to the output of the sub-
bitstrear extraction process of subclanse 10,1 with inputs tidTarget equal to

max Teraporalld{/] and targetDeclLayerfdSet equal to nestinglaverfdSet[i} for cach i
value in the range of § to nesting num_ops minusl, inclusive, and when
defaslt op applicable flagis equal to 1, the nested SET messages also apply to the
default sub-bitstream,

(61551 FIG. 3 is a block diagram illustrating an example video decoder 30 that is
configured to implement the techniques of this disclosure. FIG. 3 is provided for
purposes of explanation and is not miting ov the techniques as broadly exemplified
and described in this disclosure. For purposes of explanation, this disclosure describes
video decoder 30 in the context of HEVC coding. However, the techniques of this
disclosure may be applicable to other coding standards or methods.

[6156] Iv the exarople of FIG. 3, video decoder 30 mncludes an entropy decoding unit
150, a prediction processing unit 152, an inverse quantization unit 154, an inverse
transform processing unit 156, a reconstruction unit 158, a filter unit 160, and a decoded
picture buffer 162, Prediction processing unit 152 inclades a motion compensation unit
164 and an intra-prediction processing unit 166, In other examples, video decoder 30
may include more, foewer, or different functional components.

[8157] A coded picture buffer (CPB) 151 may recetve and store encoded video data
{e.g., NAL units) of a hitstream. Entropy decoding unit 150 may receive NAL units
froma CPB 151 and parse the NAL units to decode syntax clements, Entropy decoding
unit 150 may entropy decode entropy-encoded syntax elements in the NAL units.
Prediction processing unit 152, inverse quantization unit 154, inverse transform
processing unit 156, reconstruction voit 158, and filier unit 160 roay generate decoded
video data based on the syntax clemaents extracted from the bitstream.

[8158] The NAL units of the bitstream may include coded stice NAL uniis. As part of
decoding the bitstream, entropy decoding unit 150 may extract and entropy decode
syntax clements from the coded slice NAL units, Each of the coded shees may inchude

a slice header and slice data. The slice header may contain syntax elements pertaining
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10 a slice. The syntax elements in the slice header may inchude a syntax element that
identities a PPS associated with a picture that contains the slice.

(61591 In addition to decoding syntax clements from the bitstream, video decoder 30
may perform a reconstruction operation on a non-partitioned CU. To perform the
reconstruction operation on a non-partitioned CU, video decoder 30 may perform a
recoustruction operation on cach TU of the CU. By performing the reconstruction
operation for cach TU of the CU, video decoder 30 may reconstruct residual blocks of
the CUL

(81607 As part of performing a reconstruction operation on a TU of a CU, inverse
quantization unit 154 may inverse quantize, i.c., de-quantize, coefficient blocks
associated with the TU. Inverse quantization unit 154 may use a QP value associated
with the CU of the TU to determine a degree of quantization and, likewise, a degree of
nverse quantization for inverse guantization unit 154 to apply. That 15, the compression
ratio, t.e., the ratio of the mamber of bits used to represent original sequence and the
compressed one, may be controlled by adjusting the value of the QP used when
quantizing transform coefficients. The compression ratio may also depend on the
method of entropy coding employed.

{3161} After inverse quantization unit 154 inverse quantizes a coefficient block, inverse
transforra processing unit 156 may apply one or more inverse transforms to the
coefficient block in order to generate a residual block associated with the TU. For
example, inverse transform processing unit 156 may apply an inverse DCT, an inverse
integer transform, an inverse Karhumen-Loeve transform (KLT), an inverse rotational
transtorm, an inverse directional franstorm, or another inverse transform o the
coefficient block,

[#162] If a PU 1s encoded using intra prediction, intra-prediction processing unit 166
may perform intra prediction to generate predictive blocks for the PU. Intra-prediction
processing unit 166 may use an intra prediction mode to generate the predictive huma,
Ch and Cr blocks for the PU based on the prediction blocks of spatially-neighboring
PUs. Intra-prediction processing unit 166 may determine the intra prediction mode for
the PU based on one or more syntax elements decoded from the bitstream,

[8163] Prediction processing unit 152 may construct a first reference picture list
{RefPiclist() and a second reference picture list (RefPicList]) based on syntax clements

extracted from the bitstream. Furthermore, if a PU is encoded using inter prediction,
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eutropy decoding unit 150 may extract motion information for the PU. Motion
compensation unit 164 may determine, hased on the motion information of the PU, one
or more reference regions for the PU. Motion compensation unit 164 may generate,
based on samples blocks at the one or more reference blocks for the PU, predictive
tama, Cb and Cr blocks for the PU.

[8164] Reconstruction unit 158 may use the loma, Ch and Cr transtform blocks
associated with TUs of a CU and the predictive luma, Ch and Cr blocks of the PUs of
the CU, 1.e., either intra-prediction data or inter-prediction data, as applicable, to
reconstruct the furna, Cb and Cr coding blocks of the CU. For example, reconstruction
unit 158 may add samples of the fama, Cb and Cr transform blocks to corresponding
samples of the predictive luma, Cb and Cr blocks to reconstruct the luma, Ch and Cr
coding blocks of the CU.

[8165] Fiter unit 160 may perform a deblocking operation to reduce blocking artifacts
associated with the lama, Cb and Cr coding blocks of the CU. Video decoder 30 may
store the tuma, Cb and Cr coding blocks of the CU in decoded picture buffer 162,
Decoded picture buffer 162 may provide reference pictures for subsequent motion
compensation, intra prediction, and presentation on a display device, such as display
device 32 of FIG. 1. For instance, video decoder 30 may perform, based on the luma,
Ch and Cr blocks in decoded picture buffer 162, intra prediction or inter prediction
operations on PUs of other CUs. Tn this way, video decoder 30 roay extract, from the

snificant luma coefficient block, nverse

bitstrear, transform coefficiont levels of the sig
quantize the transform coefticient levels, apply a transform to the transform coetficient
levels to generate a transforro block, geverate, based at least in part on the transform
block, a coding block, and output the coding block for display.

[#166] FIG. 4 is a flowchart iHustrating an example operation 200 of video encoder 20,
in accordance with one or more techniques of this disclosure. In the example of FIG. 4,
video encoder 20 may generate a VPS that includes a plurality of HRD parameter
syntax structures that cach include HRD parameters (202). For cach respective HRD
parameter syntax structure in the plurality of HRD parameter syntax structures, the VPS
further includes a syntax element indicating whether the HRD parameters of the
respective HRD parameter syntax structure include a common set of HRD parameters in
addition to a set of sub-layer-specific HRD parameter information specific to a

particular sub-layer of the bitstream, wherein the comron set of HRD parameters is
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common to all sub-layers of the bitstream. Furthermore, video encoder 20 may signal
the VPS 1o the bustrearn (204).

(81671 FIG. 5 is a flowchart illustrating an example operation 250 of a device, in
accordance with one or more techniques of this disclosure. Operation 250 may be
perforred by video encoder 20, video decoder 30, or another device. As illustrated 1o
the example of FIG. 5, the device may decode, from a bitstream, a2 VPS that includes a
plurality of HRD parameter syntax structures that each include HRD parameters (252}
For each respective HRD parameter syntax structure o the plarality of HRD parameter
syntax structures, the VPS further includes a syntax clersent indicating whether the
HR parameters of the respective HRD parameter syntax structure include a common
set of HRD parameters.

[#168] Furthermore, the device may perform an operation using the HRD parameters of
at least one of the HRD parameter syutax structares (254). 1o some examples, the
bitstream may COmprise an operation point representation of a particular operation
point, a particular HRD parameter syntax structure may be apphicable to the particalar
operation potnt, and the device may perform the operation using the HRD parameters of
the particular HRD parameter syntax structure. For example, the device may use the
HRE parameters to perform a bitstream conformance test that determines whether an
operation point applicable to the HRD parameter syntax structure conforms to a video
coding standard, such as HEVC, In another example, the device may use the HRD
parameters to perform a decoder conformance test.

[8169] The common set of HRD parameters may be common to all sub-layers of the
bitstream. In sore examples, the HRD parameters of cach HRD parameter synfax
structure inchude a set of sub-layer-specific HRID parameters that is specific to a
particular sub-layer of the bitstream. In some examples, each of the sets of sub-layer-
specific HRD parameters includes a syntax element (e.g., indicating a temporal distance
between HRIY output times of any two consecutive pictures in output order, a syntax
clement indicating a number of alternative coded picture buffer specifications in the
bitstream of a coded video sequence. In some examples, when the device determines
that a particular HRD parameter syotax structare does not inclade a common set of
HRD parameters, the device may perform the operation using a8 commmon set of HRD
parameters associated with a previous HRD parameter syntax structure and the set of

sub-layer-specific HRD parameters of the particular HRD parameter syntax structare.
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(81781 FIG. 618 a flowchart iHustrating an example operation 300 of video encoder 20,
n accordance with one or more techuoiques of this disclosure, As ithustrated 1o the
exaniple of FIG. 6, video encoder 20 may generate a scalable nesting SEf message that
includes a plurality of syntax elements that identify a plurality of operation points to
which a sested SET message encapsulated by the scalable nesting SET message applies
(302). Furthermore, video encoder 20 roay sigoal the scalable nesting SEY roessage ina
bitgtream {304).

(81711 FIG. 7 1s a flowchart iHlustrating an example operation 350 of a device, in
accordance with one or more techuiques of this disclosure. Video encoder 20, video
decoder 30, or another device may perform operation 350, As illustrated in the cxample
of FIG. 7, a device may decode, from a scalable nesting SEI message, a plurality of
syntax clements that identify a plurality of operation points to which a nested SEI
message encapsulated by the scalable nesting SET roessage applies (352). Tn some
exampies, the device may decode, from the scalable nesting SEI message, a syntax
clerpent {e.g., nesting num_ops_roinus ) indicating whether the scalable nesting SEI
raessage includes the plurality of syntax elements that identify the operation points
{61721 Furthermore, the device may use one or more syntax elements of the nested SEI
message to perform an operation regarding any of the operation points to which the
nested SEI message applies (354). For example, the device may use syntax clements of
the nested SET roessage in a bitstream conformance tost that determines whether any of
the operation points to which the nested SET message applies conform to a video coding
standard, sach as HEVC. In another example, the device may use synfax elements of
the nested SEI message to perform a decoder conformance test.

(61731 FIG. 8 is a flowchart itlustrating an example operation 400 of video encoder 20,
in accordance with one or more techniques of this disclosure. As iliustrated in the
example of FIG. 8, video encoder 20 may inclade, in a scalable nesting SEI message
encapsulated by an SEI NAL uoit, a syndax clement (e.g., default_op applicable flag)
that indicates whether a nested SEI message cncapsulated by the scalable nesting SER
message is applicable to a default sub-bitstream (402). The default sub-bitstream is an
operation point representation of an operation point defined by a layer identifier
specified in a NAL unit header of the SEI NAL urut and a teraporal identifier specified
in the NAL unit header. A first syntax element in the NAL unit header (e.g.,

nuh reserved zero 6bits) may indicate the layer identifier and a second syntax element
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ju the NAL anit header (e.g., nuh_reserved temporal id plosi) may indicate the
temporal identifier.

61741 In the example of FIG. &, video encoder 20 may include, in the scalable nesting
SEI message, one or more additional syntax elements that identify a temporal identifier
of an additional operation point and & maximum layer identifier of the additional
operation point (404). Furthermore, video encoder 20 may sigoal the scalable nesting
SEI message in 3 bitstream (406). In some examples, the syntax clement that indicates
whether a pested SET message encapsulated by the scalable nesting SEI message 18
applicable to the default sub-bitstream may be reforred to as a first syndax clement and
video encoder 20 may include a second syntax element (2.2, bitstream subset flag) in
the scalable nesting SEI message. The second syntax element may indicate whether
vested SEI messages cocapsulated by the scalable nesting SET message apply to a sub-
bitstrearn extracied from the bitstream or whether the nested SEI messages apply to
specific layers and sub-lavers of the bitstream. Video encoder 20 may include the first
syntax element only when the second syntax element indicates that the nested SEI
messages apply to the sub-bitstream extracted trom the bitstream.

(81751 FIG. 9 is a flowchart illustrating an example operation 450 of a device, in
accordance with one or more techniques of this disclosure. Video encoder 26, video
decoder 30, or another device roay perform operation 450, As illustrated in the example
of FIG. 9, the device may determine, based at least in part on a first syntax element
{c.g., bitstream:_subset flag) of g scalable nesting SEI message, whether a nested SEL
message encapsulated by the scalable nesting SEI message applies to a sub-bitstream
extracted from a bitstream (452). In respouse to determining that the nested SEL
message encapsulated by the scalable nesting SEI message applics to a sub-bitstream
extracted from a bitstream (“YES” of 452), the device may decode a default operation
point syntax element {e.g., default op apphicable flag) in the scalable nesting 5EI
message (454). The default operation point syntax element may indicate whether the
nested SEI message encapsulated by the scalable nesting SEI message is applicable to a
default sub-bitstream.

81761 The default sub-bitstream may be an operation point representation of an
operation point defined by a layer identifier specified m a WAL untt header of the SEI
NAL unit and 3 temporal identifier specified in the NAL unit header. In some

examples, a first syntax element in the NAL unit header (e.g., nuh reserved zevo 6bits)
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mndicates the layer identifier and a second syntax element in the NAL unit header (e.g.,
nuh_reserved teroporal id plusl) indicates the temporal identifier. The defanlt sub-
bitstream may be a subset of a bitstream and the default sub-bitstrearn does not inclhude
YVCL NAL units of the bitstream that have layer identifiers greater than the layer
wdentifier indicated by the first syntax element of the NAL unit header or have temporal
wdentifiers greater than the temporal identifier indicated by the second syntax elerment of
the NAL unit header.

81771 Furthermore, the device may deterruine, based at least in part on a syntax
cleroent {e.g., defavlt_op applicable flag) in the scalable nesting SET message
encapsulated by the SE{ NAL unit, whether the nested SEI message encapsulated by the
scalable nesting SEI message is applicable to a default sub-bitstream of the bitstream
(4536). In some examples, the scalable nesting SET message encapsulates a plurality of
nested SEI messages. In such exampies, the device may determine, based on syntax
clement {e.g., default_op applicable flag), whether cach of the nested SEI message in
the scalable nesting SET message 18 apphicable to the default sub-bitstream.

{81781 When the nested SEI message is applicable to the default sub-bitstream (“YES”
of 4563, the device may use the nested SEf ¢ in an operation on the default sub-
bitstream (4538). For example, the nested SEI message may inchude a set of HRD
parameters. In this example, the device may use the HRD parameters 1o the nested SEI
message 10 an operation that tests whether the default sub-bitstream conforms 0 a video
coding standard, such as HEVC. In another example, the device may use the HRD
parameters in the nested SEI message in a decoder conformance test. In another
example, the device may use the nested SET message in a decoding operation on the
default sub-bitstream. In another exarmople, initial CPB removal delays may be used to
guide a system to set up an appropriate initial end-to-end delay and the DPB output
times may be used to derive the RTP timestamps when the video s transported over
RTP.

{8179} Otherwise, when the nested SEI message is not applicable 1o the default sub-
bitstream (“NO” of 456) or when the scalable nesting SEI message does notapply to a
sub-bitstream extracted from the bitstream (“NO” of 452), the device does not use the
nested SEI message in an operation on the default sub-bitstream (460). For example,

the device may determine, based on one or more additional syntax elements in the

scalable nesting SEI message {(e.g., nesting max_temporal id plasi{i],
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nesting op 1dxfi], ¢ic.) a temporal identifier of a second operation pointand a
roaximaum layer wdentifier of the second operation point. In this example, the device
may use the nested SEf message in an operation on an additional sub-bitstream, the
additional sub-bitstream being an operation point representation of the second operation
point.

{3188} In one or more examples, the functions described may be iroplemented in
hardware, software, firmoware, 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 compuier-readable medivm and executed by a hardware-based processing unit,
Coraputer-readable media may include computer-readable storage media, which
corresponds o a tangible medium such as data storage media, or communication media
inclading any mediur that facilitates transfer of a computer program from one place to
another, e.g., according 1o 4 compmnication protocol. In this manner, computer-
readable media gonerally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {2) a communication medium such as a signal or
carricr wave. Data storage media may he any available media that can be accessed by
ORC OF MOre computers of One OF MOTe Processors 1o retrigve 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.

(3181} By way of example, and not limitation, such computer-readable storage roedia
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 1o store desired program code in the forro 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 vsing 8 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 wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Tt should be understoed, however, that computer-readable storage media and
data storage media do not include connections, carricr waves, signals, or other travsient
media, but are insicad direcied to non-transient, tangible storage media. Dhsk and disc,

as used hevein, includes compact disc {UD), laser dise, optical dise, digital versatile dise
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(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.

[#182] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated cireunits (ASICs), field progranunable logic arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the torm “processor,” as
used herein may refer to any of the foregoing structure or any other structure saitable for
mmplementation of the techniques described hervein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or
sotftware 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
clements.

{8183} The technigues of this disclosure may be implemented in a wide variety of
devices or apparatuses, inchuding 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 1 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 firroware.
{8184} Various exarnples have been described. These and other examples are within the

scope of the following claims,
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CLAIMS

1. A method of decoding video data, the method compris-
ing:

decoding, from an encoded video bitstream, a video
parameter set (VPS) that includes a plurality of hypo-
thetical refercnce decoder (HRD)) parameter syntax
structures that each include HRD parameters, wherein
for each respective HRD parameter syntax structure in
the plurality of HRD parameter syntax structures other
than the first HRD parameter syntax structure included
in the VPS, the VPS further includes a syntax element
indicating whether the HRD parameters of the respec-
tive HRD parameter syntax structure include a common
set of HRD parameters, wherein the common set of
HRD parameters s common to all sub-layers of the
encoded video bitstream, and wherein the first HRD
parameter syntax structure included in the VPS includes
the common set of HRD parameters; and

performing an operation using the HRD parameters of at
least one of the HRD parameter syntax structures.

2. The method of claim 1, further comprising:

determining that a particular HRD parameter syntax struc-
ture in the plurality of FIRD parameter syntax structures
does not include the common set of HRID parameters,
and

wherein performing the operation using the HRID param-
eters of at least one of the HRD parameter syntax struc-
tures comprises performing the operation using the com-
mon set of HRD parameters included in a previous HRD
parameter syntax structure in the plurality of TIRD
parameter syntax structures and additional [1RI) param-
eters of the particular HRD parameter syntax structure.
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3. The method of claim 1, wherein a subsequent HRD
parameter syntax structure included in the VPS includes the
common set of HRD parameters, wherein the common sct of
HRD parameters included in the subsequent HRD parameter
syntax structure 1s different from the common set of HRD
parameters included in the first HRD parameter syntax struc-
ture included in the VPS.

4. The method of claim 1, wherein at least one of the HRD
parameter syntax structures included in the VPS does not
include the common set of HRD parameters.

5. The method of claim 1, wherein each of the HRD param-
eter syntax structures is applicable to an operation point of the
encoded video bitstream.

6. The method of claim 1. wherein at least one of the HRD
parameter syntax structures is applicable to multiple opera-
tion points of the encoded video bitstream.

7. A video decoding device comprising:

a memory configured to store data, the data including an

encoded video bitstream; and

one or more processors configured to:

decode, from the encoded video bitstream, a video
parameter set (VPS) that includes a plurality ot hypo-
thetical reference decoder (HRD) parameter syntax
structures that ecach include HRD parameters,
wherem for each respective HRD parameter syntax
structure in the plurality of HRD parameter syntax
structures other than the first HRD parameter syntax
structure included in the VPS, the VPS further
includes a syntax element indicating whether the
HRD parameters of the respective HRD parameter
syntax structure include a common set of HRD
parameters, wherein the common set of HRD param-
eters 1s common to all sub-layers of the encoded video
bitstream, wherein the first HRDD parameter syntax




structure included in the VPS includes the common
set of HRD parameters; and

perform an operation using the HRD parameters of at
least one of the HIRD parameter syntax structures.

8. The video decoding device of claim 7, wherein the one or
more processors are further configured to:

determune that a particular HRD parameter syntax struc-

ture in the plurality of HRD parameter syntax structures
does not include the common set of HRD parameters,
and

perform the operation using the common set of HRD

parameters included 1n a previous HRD parameter syn-
tax structure in the plurality of IIRD parameter syntax
structures and additional HRD parameters ot the par-
ticular HRD parameter syntax structure.

9. The video decoding device of claim 7, wherein a subse-
quent HRD parameter syntax structure included in the VPS
includes the common set of HRD parameters, wherein the
common set of [IRD parameters included in the subsequent
IIRD parameter syntax structure is different from the com-
mon set of HRD parameters included in the first HRD param-
eter syntax structure included in the VPS.

10. The video decoding device of claim 7, wherein at least
one of the HRD parameter syntax structures included 1n the
VPS does not include the common set of FIRD parameters.

11. The video decoding device of claim 7, wherein each of
the HRD parameter syntax structures is applicable to an
operation point of the encoded video bitstream.

12. The video decoding device of claim 7, wherein at least
one of the HRD parameter syntax structures is applicable to
multiple operation points of the encoded video bitstream.

13. A video decoding device comprising;

means for decoding, from an encoded video bitstrcam, a

video parameter set (VPS) that includes a plurality of
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hypothetical reference decoder (HRD) parameter syntax
structures that each include HRD parameters, wherein
for each respective HRD parameter syntax structure in
the plurality of HRD parameter syntax structures other
than the first HRD parameter syntax structure included
in the VPS, the VPS further includes a syntax element
indicating whether the HRD parameters of the respec-
tive HRD parameter syntax structure include a common
set of HRD parameters, wherein the common set of
HRD parameters is common to all sub-layvers of the
encoded video bitstream, and wherein the first HRD
parameter syntax structure included in the VPS includes
the common set of HRD parameters; and

means for performing an operation using the HRD param-
eters of at least one of the HRD parameter syntax struc-
tures.

14. The video decoding device of claim 13, wherein:

a subsequent HRD parameter syntax structure included in
the VPS includes the common set of HRD parameters,
wherein the common set of HRD parameters included in
the subsequent HRD parameter syntax structure is dif-
ferent from the common set of HRD parameters
included i the first HRD parameter syntax structure
included in the VPS, and

each of the HRD parameter syntax structures is applicable
to an operation point of the encoded video bitstream.

15. A non-transitory computer-readable storage medium

that stores instructions that, when executed by a video decod-
ing device, configure the video decoding device to:

decode, from an encoded video bitstream, a video param-
eter set (VPS) that includes a plurality of hypothetical
reference decoder (HIRD) parameter syntax structures
that each include [IRD parameters, whercin for each
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respective HRD parameter syntax structure in the plu-
rality of HRD parameter syntax structures other than the
first HRD parameter syntax structure included in the
VPS, the VPS further includes a syntax element indicat-
ing whether the HRD parameters of the respective HRD
parameter syntax structure include a common set of
HRD parameters, wherein the common set of HRD
parameters is common to all sub-layers of the encoded
video bitstream, and wherein the first HRD parameter
syntax structure included in the VPS includes the com-
mon set of HRD parameters; and

perform an operation using the HRD parameters of at least
one of the HRD parameter syntax structures.

16. The non-transitory computer-readable storage medium

of claim 15, wherein:

a subsequent HRD parameter syntax structure included in
the VPS includes the common set of HRD parameters,
wherein the common set of HRD parameters included in
the subsequent HRD parameter syntax structure is dif-
ferent from the common set of HRD parameters
included in the first HRD parameter syntax structure
included in the VPS, and

each of the HRD parameter syntax structures is applicable
to an operation point of the encoded video bitstream.

17. A method of encoding video data, the method compris-

ing:

generating a video parameter set (VPS) that includes a
plurality of Hypothetical Reference Decoder (HRD)
parameter syntax structures that each include HRD
parameters, wherein for each respective HRD parameter
syntax structure in the plurality of HRD parameter syn-
tax structures other than the first HRD parameter syntax
structure mcluded in the VPS, the VPS further includes
a syntax element indicating whether the HRD param-
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eters of the respective HHRD parameter syntax structure
include a common sct of HRD parameters, wherein the
common set of HRD parameters is common to all sub-
layers of an encoded wvideo bitstream comprising
encoded pictures of the video data, and wherein the first
HRD parameter syntax structure included in the VPS
includes the common set of [IR) parameters; and
signaling the VPS 1in the encoded video bitstream.

18. The method of claim 17, wherein a subsequent HRD
parameter syntax structure included in the VPS includes the
common set of HRD parameters, wherein the common set of
[IRD parameters included in the subsequent HRD parameter
syntax structure is different from the common set of HRD
parameters included in the first HRD parameter syntax struc-
ture included in the VPS.

19. The method of claim 17, wherein at least one of the
HRD parameter syntax structures included in the VPS does
not include the common set of HRD parameters.

20. A video encoding device comprising:

a data storage medium configured to store video data; and

one or more processors configured to:

generate a video parameter set (VPS) that includes a
plurality of Hypothetical Reference Decoder (HRD)
parameter syntax structures that each include HRD
paramcters, wherein for each respective HRD param-
eter syntax structure in the plurality of HRD param-
eter syntax structures other than the first HR1) param-
eter syntax structure included in the VPS, the VPS
further includes a syntax element indicating whether
the HRD parameters of the respective HRD parameter
syntax structure include a common set of HRD
parameters, wherein the common set of HRD param-
eters is common to all sub-layers of an encoded video
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bitstream that comprises encoded pictures of the
video data, and wherein the first HRD parameter syn-
tax structure included in the VPS includes the com-
mon set of HRD parameters; and

signal the VPS in the encoded video bitstream.

21. The video encoding device of claim 20, wherein a
subsequent HRD parameter syntax structure included in the
VPS includes the common set of HRD parameters, wherein
the common set of HRI) parameters included in the subse-
quent HRD parameter syntax structure is different from the
common set of HRI) parameters included in the first HRD
parameter syntax structure included in the VPS.

22. The video encoding device of claim 20, wherein at least
onc of the HRD parameter syntax structures included in the
VPS does not include the common set of IHIRD parameters.

23. A video encoding device comprising;

means for generating a video parameter set (VPS) that

includes a plurality of Hypothetical Reference Decoder
(HRD) parameter syntax structures that each include
FIRD parameters, wherein for each respective HRD
parameter syntax structure in the plurality of HRD
parameter syntax structures other than the first HRD
parameter syntax structure included in the VPS, the VPS
further includes a syntax element indicating whether the
HRD parameters of the respective HRD parameter syn-
tax structure include a common set of HRD parameters,
wherein the common set of HRD parameters is common
to all sub-lavers of an encoded video bitstream that
comprises encoded pictures of video data, and wherein
the first HRD parameter syntax structure included in the
VPS includes the common set of IIRD parameters; and
means for signaling the VPS 1 the encoded video bit-
stream.
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24. The video encoding device of claim 23, wherein:

a subsequent HRID parameter syntax structure included in
the VPS includes the common set of [IRD parameters,
wherein the common set of HRD parameters included in
the subsequent HRID parameter syntax structure is dif-
ferent from the common set of HRD parameters
included in the first HRD parameter syntax structure
included in the VPS, and

each of the HRD parameter syntax structures is applicable
to an operation point of the encoded video bitstream.

25. A non-transitory computer-readable storage medium

that stores instructions that, when executed by a video encod-
ing device, configure the video encoding device to:

generate a video parameter set (VPS) that includes a plu-
rality of Hypothetical Reference Decoder (HRD)
parameter syntax structures that each include HRD
parameters, wherein for each respective HRID parameter
syntax structurc in the plurality of HRD parameter syn-
tax structures other than the first HRD parameter syntax
structure included in the VPS, the VPS further includes
a syntax clement indicating whether the HRD param-
eters of the respective HRD parameter syntax structure
include a common set of HRD parameters, wherein the
common set of HRD parameters is common to all sub-
layers ol an encoded video bitstream that comprises
encoded pictures of video data, and wherein the first
HRD parameter syntax structure included in the VPS
includes the common set of HRD parameters; and

signal the VPS 1n the encoded video bitstream.

26. The non-transitory computer-readable storage medium

of claim 25, wherein:
a subsequent HRD parameter syntax structure included in
the VPS includes the common set of HRD parameters,
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wherein the common set of HRD parameters included in
the subsequent HRD parameter syntax structure is dif-
ferent from the common set of HRD parameters
included in the first HRD parameter syntax structure
included 1 the VPS, and

each of thec HRD parameter syntax structures is applicable

to an operation point of the encoded video bitstream.

27. The video decoding device of claim 7, wherein the
video decoding device comprises at least one of:

an integrated circuit;

a MICroprocessor; or

a wireless communication device.

28. The video encoding device of claim 20, wherein the
video encoding device comprises at least one of:

an integrated circuit;

a microprocessor; or

a wireless communication device.

29. The video decoding device of claim 7, further compris-
ing a display configured to display the decoded video data.

30. The video encoding device of claim 20, further com-
prising a camera configured to capture the video data.

31. The method of claimx 1, wherein each of the HRD
parameter syntax structures always includes a sct of sub-
layer-specific HRD parameter information specific to a par-
ticular sub-layer of the encoded video bitstream.

32. The video decoding device of claim 7, wherein each of
the HRD parameter syntax structures always includes a set of
sub-layer-specific HRD parameter information specific to a
particular sub-layer of the encoded video bitstream.

33. The method of claim 17, wherein each of the HRD
parameter syntax structures always includes a set of sub-
layer-specific HRD parameter information specific to a par-
ticular sub-layer of the encoded video bitstrcam.
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34. The video encoding device of claim 20, wherein each of
the HRD parameter syntax structures always includes a set of
sub-layer-specific HRD parameter information specific to a
particular sub-layer of the encoded video bitstream.

35. The video encoding device of claim 25, wherein each of
the HRD parameter syntax structures always includes a set of
sub-layer-specific HRD parameter information specific to a
particular sub-layer of the encoded video bitstream.

36. The non-transitory computer-readable storage medium
of claim 25, wherein each of the FHRD parameter syntax
structures always includes a set of sub-layer-specific HRD
parameter information specific to a particular sub-layer of the
encoded video bitstream.



