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HYPOTHETICAL REFERENCE DECODER
PARAMETERS IN VIDEQ COBING

{8001} This application claims the benefit of U.S. Provisional Patent Application No.
61/705,102, filed September 24, 2012, the entire content of which is incorporated herein

by reference.

TECHNICAL FIELD
{80027 This disclosure relates to video encoding and decoding (i.e., encoding and/or

decoding of video data).

BACKGROUND

80031 Digital video capabilitics can be incorporated into a wide range of devices,
inchuding digital televisions, digital direct broadeast systems, wireless broadcast
systems, personal digital assistants (PDAS), laptop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recording deviges, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Digital video devices implement video compression techniques,
such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263,
ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), the High Efficiency
Video Coding (HEVC) standard presently under developroent, and exicusions of such
standards. The video devices may fransmit, receive, encode, decode, and/or store digital
video information more efficiently by implementing such video compression
techmigues.

60041 Video compression techniques perform spatial (intra-picture) prediction and/or
termporal (inter-picture)} prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video shice (1., a video frame or a portion
of a video frame) may be partitioned into video blocks. Video blocks in an intra-coded
(1) slice of a picture arc encoded using spatial prediction with respect to reference
samples in neighboring blocks in the same pictare. Video blocks in an inter-coded (P or
B slice of a picture roay 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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sarnples in other reference pictares. Pictures may be referred to as frames, and
reference pictures may be referred 1o a reference frames,

8005} Spatial or temporal prediction results in g 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 samples forming the predictive block, and the
residual data indicates the difference between the coded block and the predictive block.
An mtra~-coded block is encoded according to an intra-coding mode and the residual
data. For further corapression, the residual data roay be transforrmoed 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 scanued in order to produce a one-dimensional vector of coetficicuts, and
entropy coding may be applied to achicve even more compression.

[8006] A nulti-view coding bitstream may be generated by encoding views, ¢.g., from
multiple perspectives. Some three-dimensional (3D) video standards have been
developed that make use of multiview coding aspects. For exarople, 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, 3D video bitstream may contain not only texture view components,
but also depth view components. For example, cach view may comprise one fexiure

view component and one depth view component.

SUMMARY
{80071 In general, this disclosure describes signaling and selection of hypothetical
reference decoder (HRD) parameters in video coding. More specifically, a computing
device may select, from among a set of hypothetical reference decoder (HRD)
parameters in a video parameter st (VPS) and a set of HRD parameters in a sequence
parameter st (SPS), a set of HRD parameters applicable to a particular operation point
of a bitstream. The computing device performs, based at feast in part on the set of HRD
parameters applicable to the particular operation point, an HRD operation on a bitstream
subset associated with the particular operation point.
8008 In one example, this disclosure describes a method of processing video data.

The method comprises selecting, from among a set of HRD parameters ina VPS and a
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set of HRD parameters in a SPS, a set of HRD parameters applicable to a particular
operation point of a bitsireara. The method also comprises performing, based at least in
part on the selected set of HRD parameters applicable to the particular operation point,
an HRE operation on a bitstream subset associated with the particular operation point.
[B0G89] In another example, this disclosure deseribes a device comprising one or morg
processors configured to sclect, frora among a set of HRD pararseters in a VPS and a set
of HRID parameters in a 8PS, a set of HRD parameters applicable to a particular
operation point of a bitstream. The ove or more processors are also configured to
perform, based at least in part on the selected set of HRD parameters applicable to the
particular operation point, an HRID operation on a bitstream subset associated with the
particular operation point.

{8010} In another example, this disclosure describes & device comprising means for
selecting, from argong a set of HRD parameters in a VPS and a set of HRD parameters
in a SPS, a set of HRID parameters applicable to a particular operation point of g
bitstream. The device also comprises means for performing, based at least in part on the
selected set of HRID parameters applicable to the particular operation point, an HRD
operation on a bitstream subset associated with the particular operation point,

{3011} In another example, this disclosure describes a computer-readable data storage
medium having instructions stored thercon that, when executed by one or more
processors of a4 device, configure the device to select, from among a set of HRD
parameters ina VPS and a set of HRD parameters in a SPS, a set of HRD parameters
applicable to a particular operation peint of a bitstream. In addition, the jnstructions,
when executed, configure the device to perform, based at least in part on the selected set
of HRD parameters applicable to the particular operation point, an HRD operation on a
bitstream subset associated with the particular operation point.

{8012} The details of one or more examples of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and

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

BRIEF DESCRIPTION OF DRAWINGS

(8013} FIG. 118 a block diagram illustrating an oxaraple video coding systern that may

utilize the techniques described in this disclosure.
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68141 FIG. 2 s a block diagram illustrating an example video encoder that may
mmplement the techniques described 1o this disclosure.

(6015 FIG. 3 is a block diagram illustrating an example video decoder that may
implement the techniques described in this disclosure.

(8016} FIG. 4 1s a flowchart Hustrating an example operation of a device, in accordance
with one or more techniques of this disclosure,

(8017} FIG. 5 is a flowchart illustrating an example operation of a device, in accordance
with one or more techniques of this disclosare.

{6018} FIG. 6 is a flowchart iHustrating av example hypothetical refercnce decoder
(HRID) operation of a device, in accordance with one or more techniques of this

disclosure,

DETAILED DESCRIPTION
18019] A video encoder may generate a bitstream that includes encoded video data.
The bitstrearn muay comprise a series of network abstraction laver (NAL) units, The
NAL units of the butstrearn meay inclade video coding layer (VCL) NAL units and non-
VCL NAL units. The VCL NAL units may include coded shices of pictures. A non-
YVCL NAL unit may inchade a video parameter set (VPS), a sequence parameter set
(SPR), a picture parameter set (PPS), supplemental enhancement information {SEI}, or
other types of data. A VPS5 is a syntax structure that may contain syntax eloments that
apply to zero or more entire coded video sequences. A SPS is a syntax structure that
may contain syuntax elements that apply to zero or more entire coded video sequences.
A single VPS may be applicable to ronltiple SPS’s. A PPS is a syntax structure that
may contain syntax elements that apply to zero or more entire coded pictures. A single
SPS may be applicable to mmultiple PPS’s. Various aspects of the VPS, SPS and PPS
may be formed, in general, as defined by the HEVC standard.
(8028} A device, such as a content delivery network (CDN) device, 2 Media-Aware
Network Element (MANE), or 8 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 bitstream. The resulting sub-bitstreary jnchides the
remaining, non-removed NAL units of the hitstream. As examples, video data decoded
from the sub-bitstream may have a lower frame rate and/or may represent fewer views

than the original bitstream.
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[8621] Video coding standards may include various features to support the sub-
bitstream extraction process. For example, video data of the bitstrearn may be divided
into a set of layers. For each of the layers, data in a lower layer may be decoded without
reference to data in any higher layer. An individual NAL unit only encapsulates data of
a single layer. Thus, NAL units encapsulating data of the highest remaining layer of the
bitstrearn roay be removed from the hitstream without affecting the decodability of data
in the remaining lower layers of the bitstream. In scalable video coding (SVC), higher
layers may inchude enhancement data that improve the quality of pictures in lower
lavers (quality scalability), enlarge the spatial format of pictures in lower layers (spatial
scalability), or increase the temporal rate of pictures in fower layers (temporal
scalability). In multi-view coding (MVC) and three-dimensional video (3DV) coding,
higher layers may inchude additional views.

(8022} NAL units may include headers and payloads. The headers of NAL units
inchude nuh reserved zero Gbits syntax clements, The nub reserved zero 6bits syntax
elerpent of a NAL unit is equal to 0 1f the NAL unit relates to a base layer in multi-view
coding, 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 bitstream. 1t the NAL unit does not
relate to a base layer in multi-view coding, 3DV, or SVC, the nuh_reserved zero 6bits
syntax element may have a non-zero value. Specifically, if a NAL umit does not relate
to a base layer in roulit-view coding, 3DV, or SV, the nub_reserved _zero 6bits syntax
clement of the NAL unit specifies a layer identifier of the NAL unit.

(8023} Furthermore, some pictures within a layer may be decoded without reference o
other pictures within the sare layer. Thus, NAL units encapsulating data of certain
pictures of g layer may be removed from the bitstream 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 {0 herein as a sab-layer.
60241 NAL vnits may mclude ternporal id syutax elements. The temporal id syntax
cleropent of a NAL unit specifics a teroporal identifier of the NAL unit. I the temporal

identifier of a first NAL unit is less than the temporal identifier of a second NAL unit,
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the data encapsulated by the first NAL unit may be decoded without reference to the
data encapsulated by the second NAL unit,

130251 Each operation point of a bitstream is associated with a set of layer identifiers
(ie., aset of nuh reserved zero 6bits values) and a temporal identifier. The set of
tayer identifiers may be denoted as OpLayerldSet aund the temporal identifier may be
denoted as TomporallD. Tfa NAL voit’s layer wdentifier is in an operation point’s set of
layer identificrs and the NAL unit’s temporal identifier is loss 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 bitstrearn subset that 18 associated with an
operation point. The operation point representation may include each NAL unit that is
associated with the operation point. The operation point representation does not include
VCL NAL units that are not associated with the operation point.

8026} An cxternal source roay specify a sct of target layer wdentifiers for an operation
point. For example, a device, such as a CON device or a MANE, may specify the set of
target layer identifiers. In this exarple, the device may use the set of target layer
identifiers to identify an operation point. The 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
torwarding the operation point representation to the chient device may reduce the bit rate
of the bitstrearn.

18027] Furthermore, video coding standards specify video buffering models. A video
butfering model may also be referred to as a “hypothetical reference decoder” or an
“HRID.” The HR desceribes how data s 1o be buffered for decoding and how decoded
data is buffered for output. For instance, the HRD describes the operation of a coded
picture buffer (“CPB”) and a decoded picture buffer (“DPB”) in a video decoder. The
CPB is a first-in fivst-out buffer containing access units in decoding order specified by
HRD. The DPR is a buffer holding decoded pictures for reforence, output reordering, or
output delay specitfied by the HRID.

[8028] A video encoder may signal a set of HRD parameters. The HRD parameters
control various aspects of the HRD. The HRD parameters inchide an mnitial CPB
removal delay, a CPB size, a bit rate, an initial DPB output delay, and a DPB size.

These HRD parameters are coded in a hrd parameters{ ) syntax structure specified in a
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VPS and/or a 8PS, The HRID parameters can also be specified in a buffering period
supplemental enhancement nformation (SED) message or a picture timing SEI message,
(80291 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 inchude some pictures and/or some of the data of the original
bitstrearn. Hence, 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 raay rervove too much or too little 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 VPS or the video encoder may signal sets of HRD parameters ina SPS. 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 §,” Joint
Collaborative Team on Video Coding (JCT-VC) of ITU-T 5G16 WP3 and ISO/IEC
JTCUSC29/WGH, 160 Meeting, Stockholm, Sweden, July 2012, which as of May §,
2013, is available from http://phentx.int-

evry. fr/jot/doc_end user/documents/10 Stockholm/wglt VICTVC-JIOG3-vE. zip.

{8038} In some versions of HEVC, only the sets of HRD parameters in the VPS are
selected for HRD operations. That is, although HRD parameters can be provided in
SPS’s, the sets of HRD parameters in the SPS’s are not selected by HEVC video
decoders for HRD operations. Video decoders always parse and decode the VPS ofa
bitstream. Hence, video decoders always parse and decode the sets of HRD parameters
of the VPS. This is true regardiess of whether the bitstream includes non-base layer
NAL onits. Hence, if the bitstream inchudes non-base layer NAL units, it may be a
waste of computational resources to parse and handle the sets of HRD pararoeters in the
SPS’s, Furthermore, if the sets of HRD parameters are present in the VPS8, the sets of
HRD parameters in the SPS’s may be wasted bis.

{60311 To accordance with the techniques of this disclosure, a video encoder may
generate a bitstream that includes a SPS that is applicable to a sequence of pictures. The
SPS includes a set of HRE parameters. The set of HRD parameters is applicable to

each operation point of the bitstream that has a set of layer identifiers that match a set of
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target layer identifiers. Thus, the sets of HRD parameters in the SPS’s are not wasted,
but rather may be used for HRD operations. For instance, a device may select, from
among a st of HRD parargeters in 2 VPS and a set of HRID parameters in a SPS, a set
of HRD parameters applicable to a particular operation point. The device may perform,
based at least in part on the set of HRI parameters applicable to the particular operation
point, a bitstrearn conformance test that tests whether a bitstrearn subset associated with
the particular operation point conforms to a video coding standard.

(8032} A device, such as a video encoder, a video decoder, or another type of device,
such as a CDN device or MANE, may performo a bitstream conforrance test on an
operation point representation for an operation point. The bitstream conformance test
may verify that the operation point representation conforms o a video coding standard,
such as HEVC, As mentioned above, a set of target layer identifiers and a temporal
wdentifier may be used to wdentify the operation point. The set of target layer identifiers
may be denoted as “TargetDecLayeridSet.” The temporal identifier may be denoted as
“TargetDecHighestTid.” Problematically, HEVC Workiug Draft 8 does not specity
how TargetDeclLayeridSet or TargetDecHighestTid are set when performing a bitstream
conformance tost.

{8633} In accordance with one or more techniques of this disclosure, a device may
perform a decoding process as part of performing a bitstrearn conformance fest.
Pertorming the decoding process corprises performing a bitstream extraction process to
decode, from a bitstream, an operation point representation of an operation point
defined by a target set of layer identifiers and a target highest temporal identifier. The
target set of layer wdentifiers (i.e., TargetDecLayerddSet) contains values of layer
identifier syntax elements (e.g., nuh reserved zero 6bits syntax elements) present in
the operation point representation. The target set of layer identifiers is a subset of
values of laver identifier syntax elements of the bitstream. The target highest temporal
wdentifier (i.e., TargetDecHighestTid) s equal to a greatest tomporal identifier present in
the operation point representation. The target highest temporal identifier is less than or
equal to a greatest temporal identifier present in the bitstream. Performing the decoding
process may also comprise decoding NAL vanits of the operation point representation.
60341 Tn HEVC, a SPS may include an array of syntax clements denoted as

sps_max dec pic buffering

i}, where 7 ranges from 0 to the maximum number of

temnporal lavers in the bitstream. sps_max_dec pic bufferingli] indicates the maxirmoum
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required size of the DPB when a highest temporal identifier (HighestTid) is equal to @,
sps_max_dec pic buffering[i] indicates the required size i terms of units of picture
storage buffers,

{8035} Furthermore, in HEVC, a SPS may inchude an array of syntax clements denoted
sps_max_num_reorder picsfi], where / ranges from § to the maximum nomber of
temporal layers in the bitstream. sps_max_num_reorder pics[i] indicates a maxiroum
allowed number of pictures preceding any picture in decoding order and succeeding that
picture in output order when a highest temporal identifier (HighestTid) is equal to i,
(80361 Tn HEVC, a set of HRD parameters may include an array of syntax clements
denoted cpb_cnt_minus1{i], where / ranges from 0 to the maximum number of temporal
layers in the bitstream. cpb _cnt_mimusi{i] specifies the number of alternative CPB
specifications in the bitstream of the coded video sequence when a highest temporal
wdentificr (HighestTid) is equal to 7, wherein one aliernative CPB specification refers to
one particular CPB operation with a particular set of CPB parameters.

(88371 In HEVC Working Draft 3, sps_max_dec_pic_buffering[i],

sps_max_oum reorder pics[i], and cpb_cnt munus [} are not properly selected in
HRE operations, bitstream conformance operations, and level restrictions. This is at
feast in part because HEVC Working Draft 8 does not specify what is meant by the
highest temporal identifier (HighestTid).

[B038] In accordance with one or more techniques of this disclosure, a device, such as a
video encoder, a video decoder, or another device, may determine a highest temporal
identificr of a bitstream-subset associated with a selected operation point of a bitstream.
Farthermore, the device may determine, based on the highest temporal Wdentifier, a
particular syntax clement from among an array of syotax elements {e.g.,
sps_max dec pic buffering] ], sps_max num reorder pics| |, or cpb_cnt minusif 1)
The device may perform an operation that uses the particular syntax element to
determine conformance of the bitstrear to a video coding standard or 0 determine
conformance of a video decoder to the video coding standard.

[8039] FIG. 1 18 a block diagram tllusirating an example video coding system 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.
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(684871 As shown i FIG. 1, video coding system 1{ includes a 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 referred 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.
18041} Source device 12 and destination device 14 may comprise 2 wide range of
devices, meluding deskiop computers, mobile 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 like.

[8042] 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
exaniple, channel 16 rmay comprise one or roore comamunication media that enable
source device 12 to transmut encoded video data directly 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 wireless communication protocol, and
may transmit the modulated video data to destination device 14, The one or more
communication media may include wireless and/or wired comumunication media, such
as a radio frequency (RF) spectrum or one or more physical transmission lines. The one
or more conynunication media roay form part of a packet-based vetwork, such as a local
area network, a wide-area network, or a global network {(e.g., the Internet). The one or
more communication media may inciude routers, switches, base stations, or other
equipment that facilitate communication from source device 12 to destination device 14,
{8043} In another exarmple, chanoel 16 may include a storage medium that stores
encoded video data generated by source device 12, In this example, destination device
14 may access the storage medium, ¢.g., via disk access or card access. The storage
medium may inclade a variety of locally-accessed data storage media such as Blo-ray
discs, DVDs, CD-ROMs, tlash memory, or other suitable digital storage media for

storing encoded video data.
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{60441 Tn a further example, channel 16 may include a file server or another
matermaediate storage device that stores encoded video data generated by source device
12. In this cxample, 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 file servers include web
servers {e.g., for a website), file transfer protocol (FTP) servers, network attached
storage (NAS) devices, and local disk drives. In the example of FIG. 1, channel 16
includes an additional device 21, In some examples, additional device 21 15 a CDN
device, 3 MANE, or another type of device.

{8045} Destination device 14 may access the encoded video data through a standard
data connection, such as an Internet connection. Example types of data conpections
may include wireless channels (¢.g., Wi-Fi connections), wired connections {e.g., digital
subscriber line (DSL), cable modem, ete.}, or combinations of both that are suitable for
accessing encoded video data stored on a file server. The transmission of encoded video
data from the file server may be a streaming transmission, a download transmission, ora
combination of both,

{8046} The techniques of this disclosuare are not limited to wireless applications or
settings. The technigues may be applied to video coding in support of a variety of
multiroedia applications, such as over-the-air television broadceasts, cable television
transissions, satellite television trangmissions, streaming video transmissions, e.g., via
the Internet, encoding of video data for storage on a data storage medium, decoding of
video data stored ou a data storage roedium, or other applications. In some examples,
video coding system 10 may be configured 0 support one-way or two-way video
transmission to support applications such as video streaming, video playback, video
broadeasting, and/or video telephony.

(8047} FIG. 1 1s merely an example and the techiuques of this disclosure may apply to
video coding settings {c.g., video encoding or video decoding) that do not necessarily
inchide any data communication between the encoding and decoding devices. In other
examples, data is retrieved from a local memory, streamed over a network, or the like.
A video encoding device may encode and store data to mersory, and/or a video decoding

device may retrieve and decode data from memory. In many examples, the encoding
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and decoding is performed by devices that do not communicate with one another, but
siraply encode data to raemory and/or retrieve and decode data from memory.

{3048 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, output interface 22 may
inclade a modulator/demodulator (modem) and/or a transmitier. Video source 18 may
inchade a video capture device, e.¢., a video camera, a video archive containing
previously-captured video data, a video feed mnterface to receive video data from a video
content provider, and/or a computer graphics systern for generating video data, or a
combination of such sources of video data.

160491 Video encoder 20 may encode video data from video source 18, In some
examples, source device 12 direcily transmits the encoded video data to destination
device 14 via cutput interface 22, In other examples, the encoded video data may also
be stored onto a storage roedium or a file server for later access by destination device 14
for decoding and/or playback.

[8050] Tn the example of FIG. 1, destination device 14 inchudes an input interface 28, 2
video decoder 30, and a display device 32, In some examples, input interface 28
inchuades a receiver and/or a modem. Input interface 28 may receive encoded video data
over channel 16, Display device 32 may be integrated with or may be external to
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 higuid crystal
display (LCD), a plasma display, an organic light emitting diode (OLED) display, or
another type of display device.

(80511 Video encoder 20 and video decoder 30 cach may be implemented 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 thereofl I the
techniques are implemented partially 1o software, a device may store mstructions for the
software in g suitable, non-transitory computer-readable storage medium and may
execute the mstructions in hardware using one or more processors to perform the
techniques of this disclosure. Any of the foregoing (inchiding hardware, software, a
combination of hardware and software, ¢tc.} may be considered 1o be one or more

processors. Each of video encoder 20 and video decoder 30 may be included in one or
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more encoders or decoders, either of which may be integrated as part of a combined
eucoder/decoder (CODEC) n a respective device.,

{80521 This disclosure may generally refer to video encoder 20 “signaling”™ certain
information to another device, such as video decoder 30 or additional device 21, The
term “signaling” may generally refer to the comnmunication of syntax elements and/or
other data used to decode the compressed video data. Such communication may occur
in real- or near-real-time. Alternately, such communication may occur over a spag of
fime, such as might occur when storing syntax elements to a computer-readable storage
medium in an encoded bitstream at the tiroe of encoding, which then roay be retrieved
by a decoding device at any time after being stored to this medinm.

8053} In some examples, video encoder 20 and video decoder 30 operate according to
a video compression standard, such as ISO/IEC MPEG-4 Visual and ITU-T H.264 (also
known as ISOTEC MPEG-4 AVC), including its Scalable Video Coding (SVC)
extension, Mukltiview Video Coding (MVC) extension, and/or MV C-based 3DV
extension. In some instances, any bitstream conforming to MV C-based 3DV always
countains a sub-bitstream that is corapliant to a MV C profile, ¢.g., stereo high profile.
Fuarthermore, there is an ongoing cffort to gencrate a three-dimensional video (3DV)
coding extension to H.264/AVC, namely AVC-based 3DV, In other examples, video
encoder 20 and video decoder 30 may operate according to ITU-T H.261, ISO/IEC
MPEG-1 Visual, ITU-T H.262 or ISO/AEC MPEG-2 Visual, ITU-T H.263, ISO/IEC
MPEG-4 Visual, and ITU-T H.264, ISO/EC Visual.

(88541 In other examples, video encoder 20 and video decoder 30 may operate
according to the High Efficicucy Video Coding (HEVC) standard presently under
development by the Joint Collaboration Team on Video Coding (JCT-VCy of ITU-T
Video Coding Experts Group (VCEG) and ISG/IEC Motion Picture Experts Group
(MPEG). A draft of the upcoming HEVC standard, referred to as “HEVC Working
Draft 97 15 described in Bross et al., “High Efficiency Video Coding (HEVC) text
specification draft 9,7 Joint Collaborative Teanm on Video Coding (JCT-VC) of ITU-T
SG16 WP2 and ISO/IEC JITCUSC29/WGH, 110 Meeting, Shanghai, China, October
2012, which as of May §, 2013, is available from hitp://phenix.int-

evry . fi/jct/doc_end user/documents/11 Shanghavwgl VICTVC-K1003-v13.zip.

Furthermore, there are ongoing efforts to produce SV, multi-view coding, and 3DV
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extensions for HEVC. The 3DV extension of HEVC may be referred to as HEVC-
based 3DV or 3D-HEVC.

(80551 In HEVC and other video coding standards, 8 video sequence typically inchudes
a series of pictures. Pictares may also be referred to as “frames.” A picture may
mclude three sample arvays, denoted Sq, Sop and S¢r. 51 18 a two-dimensional array
{(1.c., a block) of luma samples. Sqp 18 a two-dimensional array of Cb chrominance
samples. S, is a two-dimensional array of Cr chrominance samples. Chrominance
sarnples may also be referred to herein as “chroma” samples. In other instances, a
picture may be monochrome and may only include an array of hurea samples.

80561 To generate an encoded representation of g picture, video encoder 20 may
generate a set 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 structares used 1o code the samples of the coding tree blocks, A coding tree
block may be an NxN block of samples. A CTU may also be referred to as a “tree
block™ or a “largest coding unit” {LCUY. 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 limited to a particular size and may include one or more coding
units (CUs). A shice may include an integer number of CTUs ordered consecutively ina
raster scan.

{8057} To geoerate a coded CTU, video encoder 20 may recursively perform quad-tree
partitioning on the coding tree blocks of a CTU to divide the coding tree blocks mto
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 saroples 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 syniax structures used {o code the samples of the coding
blocks. Video encoder 20 may partition coding blocks of a CU into one or more
prediction blocks. A prediction block may be a rectangular (i.e., square or non-square}
block of samples on which the same prediction is applied. A prediction unit (PU) of a
CU may be a prediction block of luma samples, two corresponding prediction blocks of
chroma samples of a picture, and syntax structures used to predict the prediction block
saraples. Video encoder 20 may generate predictive luma, Cb and Cr blocks for luma,

b and Cr prediction blocks of each PU of the CU.
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(80581 Video encoder 20 may use intra prediction or inter prediction to generate the
predictive blocks for a PU. I video encoder 20 uses intra prediction to generate the
predictive blocks of 2 PU, video encoder 20 may generate the predictive blocks of the
PU based on decoded samples of the picture associated with the PUL

(8059} If video encoder 20 uses inter prediction to generate the predictive blocks of'a
P, 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 ase uni-prediction or bi-prediction to generate the predictive blocks of a
PU. When video encoder 20 uses uni-prediction to generate the predictive blocks fora
PU, 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.

80608} After video encoder 20 generates predictive tuma, Cb and Cr blocks for one or
more PUs of a CU, video encoder 20 moay generate a luma residual block for the CUL
Each sample in the CU’s luma residual block indicates a ditfercnce between a lumas
sample in one of the CU’s predictive huma blocks and 4 corresponding sample in the
CU’s original luma coding block, In addition, video encoder 20 may generate a Ch
residual block for the CU. Fach sample in the CU’s Cb residual block may indicate a
difference between a Cb sample in one of the CUs predictive Cb blocks and a
corresponding sample in the CU’s original Cb coding block. Video encoder 20 may
also generate a Cr residual block for the CU. Each sample in the CU’s Cr residual block
may indicate a difference between a Cr sample in one of the CU’s predictive Cr blocks
and a corresponding sample in the CU’s onginal Cr coding block.

{60611 Furthermoore, 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, Cb 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 2 CU may be a transform block of Tuma
samples, two corresponding transform blocks of chrorea samples, and syntax structures
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 transform block.
The toma transform block associated with the TU may be a sub-block of the CU%s luma
residual block. The Ch transforms block may be a sub-block of the CU%s Cb residual

block. The Cr transform block may be a sub-block of the CU’s Cr residual block.
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88621 Video encoder 20 may apply one or more transforms to a lurna transform block
of a TU to generate a luma coefficient block for the TU. A coefficiont block may be a
two-dimensiona! array of transform coetficients, A transform cocfficient moay be a
scalar guantity. Video encoder 20 may apply one or more transforms to a Cb transform
block of a TU to generate a Cb coefficient block for the TU. Video encoder 20 may
apply one or more transtorms to a Cr transtorm block of a TU to generate a Cr
coefficient block for the TU.

80631 After gencrating a coefficient block (e.g., a tuma coefficient block, a Cb
coefficient block or a Cr coefficient block), video encoder 20 may quantize the
coefficient block., Quantization generally refers to a process in which transform
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 coefhicient block, video encoder 20 may entropy encode syntax elernents indicating
the quantized transform coefficients. For example, video encoder 20 may perform
Context-Adaptive Binary Arithmetic Coding ({CABAC) on the syntax elements
fndicating the quantized transform coetficients. Video encoder 20 roay output the
entropy-encoded syntax elements in g bitstream.

8364} Video encoder 20 may output a bitstream that inchudes a sequence of bits that
torms a representation of coded pictures and associated data. The bitstream may
comprise a sequence of network abstraction laver (NAL) units. A NAL unit may be a
symtax structure containing an indication of the type of data to follow and bytes
containing that data in the form of a raw byte sequence payload (RBSP) interspersed as
necessary with eroulation prevention bytes. That is, cach of the NAL untts may inchude
a NAL unit header and encapsulate 3 RBSP., The NAL unit header may include a
syntax clement that indicates a NAL wnit type code. The NAL unit type code specified
by the NAL unit header of 8 NAL unit indicates the type of the NAL unit. A RBSP may
be a syntax structure containing an integer number of bytes that is encapsulated within a
NAL umit. In some instances, an RBSP includes zero bits.

[8065] Dhifferent 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 encapsulate an RBSP for a coded slhice, a third

type of NAL unit may encapsulate an RBSP for SEI, and so on. NAL units that
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SEI messages) may be referred to as video coding laver (VCL) NAL units.

80661 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
bitstream. 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 20, For instance, video decoder 30 may use motion vectors of PUSs to
determine predictive blocks for the PUs of a current CUL In addition, video decoder 30
may imverse quantize transform coefficient blocks associated with TUs of the current
CU. Video decoder 30 may perform inverse transforms on the transform coefficient
blocks to reconstract transform 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 transform blocks of the TUs of the carrent CU. By reconstracting the coding blocks
for each CU of a picture, video decoder 30 may reconstruct the picture,

{80671 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
correspond to the same time instance. Thus, video data may be conceptualized as a
series of access units occurring over time. A “view component” may be a coded
representation of a view in a single access unit. 1n this disclosure, 3 “view™ may refer to
a sequence of view components associated with the same view identifier.

(80681 Multi-view coding supports inter-view prediction. Inter-view prediction is
similar to the inter prediction used in H.264/AV{ and HEVC and may use the same
syntax elements, However, when a video coder performs inter-view prediction on a
carrent video unit (such as a PUD, video encoder 20 may use, as a reference picture, a
picture that 1s in the same access unit as the current video unit, but in a different view,
In contrast, conventional inter prediction only uses pictures in differont access units as
reference pictures.

(88697 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 to
pictures in any other view. When coding a picture in one of the non-base views, a video

coder (such as video encoder 20 or video decoder 30) may add a picture into a reference
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picture st if the picture is in a different view but within a same time instance (i.¢.
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 position of a reference picture list.

(8070} Video coding standards specify video buffering models. In H.264/AVC and
HEVC, a butfering model is referred to as a “bypothetical reference decoder” or
“HRD.” In HEVC Working Draft &, the HRD 15 described in Annex C,

{8671} The HRD describes how data s to be buffered for decoding and how decoded
data 1s buffered for output. For instance, the HRD describes the operation of a coded
picture buffer (“CPR”), a decoded picture buffer (“DPB™), and a video decoder. The
CPB is a first-in first-out buffer containing access units in a decoding order specified by
HRD. The DPE is a buffer holding decoded pictures for reference, 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, butfer
sizes, and bit rates. Furthermoore, the HRD may indirectly impose constraints on various
bitstream characteristics and statistics.

180721 In H.264/AVC and HEVC, bitstream conformance and decoder conformance are
specified as parts of the HRD specification. In other words, the HRD model specifies
tests to determine whether a bitstream conforms to a standard and tests to detersmune
whether a decoder conforms to the standard. Though the HRD is named some kind of
decoder, video encoders typically use the HRE to guarantee bitstream conformance,
while video decoders typically do not need the HRD.

(80731 H.264/AVC and HEVC hoth specify two types of bitstream or HRD
conformance, namely Type [ and Type H. A Type [ bitstrean: 15 a NAL unit stream
containing only the VUL NAL units and filler data NAL unit for all access units in the
bitstream. A Type II bitstream 1s a NAL unit stream that contains, in addition to the
VCL WAL units and fller data NAL units for all access units in the bitsiream, at least
one of the following: additional non-VCL NAL units other than filler data NAL units;
and all leading zero 8bits, zero byte, start coded prefix one 3byies, and
trailing zero Rbits syntax clements that form a byte stream from the NAL unit stream.
[8074] When a device performs a bitstream conformance test that determines whether a
bitstream conforms to 8 video coding standard, the device may select an operation point

of the bitstrearn. The device may then determine a set of HRD parameters applicable to
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the selected operation point. The device may use the set of HRD parameters applicable
10 the selected operation pomnt to configure the bebavior of the HRD. More particularly,
the device may use the applicable set of HRID parameters to configure the behaviors of
particular components of the HRE, such as a hypothetical stream scheduler (HSS), the
CPB, a decoding process, the DPB, and so on. Subsequently, the HSS may inject coded
video data of the bitstream into the CPB of the HRID according 1o a particular schedule.
18075] 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 HRD
is decoding the operation point representation of the selected operation point. The
device may select and process cach operation point of the bitstream in this reanner. If
1o operation point of the bitstream causes the constraints 1o be violated, the device may
determine that the bitstream conforms to the video coding standard.

(60761 Both H.264/AVC and HEVC specify two types of decoder conformance, namely
output timing decoder conformance and output order decoder conformance. A decoder
claiming conformance to a specific profile, tier and level is able to successtully decode
all bitstreams that conform to the bitstream conformance requirements of a video coding
standard, such as HEVC. In this disclosure, a “profile” moay refer 1o 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 valaes of the syntax clements in
the bitstream. These constraints roay be simple Hotts on values. Alternatively, they may
take the form of congtraints on arithmetic combinations of values {c.g., picture width
multiplied by picture height multiplied by number of pictures decoded per second). A
tevel specified for a lower tier 18 morve constrained than a level specified for a higher
ticr.

180771 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 to the video coding standard.
The HRIY may process the bitstream in the moanner 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
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order of decoded pictores output by the HRD. Morcover, the device may determine that
the DUT conforms to the video coding standard if the tining with which the DUT
ouiputs decoded pictures matches the timing with which the HRD outputs the decoded
pictures,

{8078} In addition to bitstream conformance tests and decoder conformance tests,
devices may use HRD parameters for other purposes. For examples, the initial CPB
removal delays may be used to guide g system to set up an appropriate initial end-to-end
delay and the DPB output times may be used to derive real-time protocol (RTP)
fimestaraps when the video data bitstream is transported over RTP.

(60791 In the H.264/AVC and HEVC HRD models, decoding or CPB removal may be
access unit based. That is, the HRD is assumed to decode complete access units at one
tirne and remove complete access units from the CPB. Farthermore, in the H.264/AVC
and HEVC HRD models, it is assurned that picture decoding is instantaneous. Video
encoder 20 may signal, in picture timing SEI messages, decoding times 10 start
decoding of access units, Tn practical applications, if a conforming video decoder
strictly follows the decoding timaes signaled to start decoding of access units, the earliest
possible time to output 3 particular decoded picture is equal to the decoding time of that
particular picture plus the time needed for decoding that particular picture. However, in
the real-world, the time needed for decoding a picture cannot be equal to zero,

[BO8D] HRD parameters may control various aspects of the HRD. In other words, the
HRD may rely on the HRD parameters. The HRD parameters may include an initial
CPB removal delay, a CPB size, a bit rate, an initial DPB output delay, and a DPB size.
Video encoder 20 may signal these HRD parameters in a hrd _paramceters{ ) syntax
structure specified in a video parameter set (VPS) and/or a sequence parameter set
(SPS). Individual VPS's and/or SPS’s may include multiple hrd parameters( ) syntax
structures for different sets of HRD parameters. In some examples, video encoder 20
may signal HRIJ parameters in buffering period SET messages ot picture timing SEL
messages.

(8081} As explained above, an operation point of a bitstream is associated with a set of
layer identifiers (1.e., 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 may have a different frame rate

and/or bit rate than an original bitstream. This s because the operation point
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representation may not include some pictures and/or some of the data of the original
bitstream. Henee, if video decoder 30 were 1o remove data from the CPRB and/or the
[3PB at a particular rate when processing the original bitstream and if video decoder 30
were to remove data from the CPB and/or the DPB at the same rate when processing an
operation point represeutation, video decoder 30 may remove too much or too hittle data
from the CPB and/or the DPB. Accordingly, video encoder 20 may sigoal different sets
of HRD parameters for different operation points. For instance, video encoder 20 may
fnchide, in a VPS, multiple hrd parameters( ) syntax structures that inchide HRD
parameters for different operation points.

(60821 In HEVC Working Draft &, the set of HRD parameters optionally includes a set
of information that is common for all sub-layers. In other words, the set of HRD
parameters may optionally include a set of common syntax elements that are applicable
to operation points that include any temporal sub-layers. A temporal sub-layerisa
termporal scalable layer of a temporal scalable bitstream consisting of VCL NAL units
with a particular valoe of Termporalld and the associated non-VCL NAL units. In
addition to the set of conunon information, the sets of HRID parargeters may include a
set of syntax elements that are specific to individual temporal 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 information. Because
the set of common inforroation is common to nwltiple sets of HRD parameters, it may
be unnecessary to signal the set of common information in multiple sets of HRD
parameters. Rather, in HEVC Workang Draft §, the common information may be
present in a set of HRD pararneters when the set of HRD parameters s the first set of
HRD parameters in 2 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
index. For instance, HEVC Worlang Diraft 8 supports the presence of common
information when cither the hrd_parameters () syotax structure 1s the first

hrd parameters( ) syntax structure in the VPS8 or when the hrd parameters( ) syntax
structure is associated with a first operation point.

{80831 Table [, below, 1s an example syntax structure for a hrd parameters( ) syntax

structure in HEVC.
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TABLE 1 - HRD Parameters

hrd parameters{ commoninfPresentFlag, MaxNumSubLayersMinus! ) { Bescripter
i commonintPresent¥Flag ) {
tiveiag_jofe_present_flag a1y
if{ tirning_info_present flag 3 {
num_units_in_tick w32y
time_scale u(32}
}
nal_brd_parameters_present_flag u(i
vel_brd_parameters_present_flag a1y
if{ nal_hrd pararoeters_present_flag | {vel hed parametors presentflag 3 {
sudb_pic_cpb_params_present_fiag u(i
if{ sub_pic_cpb_params_present_flag ) {
tick_diviser_minas? wE)
du_cph_removal_delay lenpgth_minusi u(3)
bit_rate_scale u{4}
eph_size_scale u{4)
initial_cpb_removal delay_length_minusi u(5y
epb_remeoval_delay_length minusi u{5)
dpb_sutput_delay_Jeogth_minasl a5}
}
H
for{ 1=0;1 <= MaxNummSublayersMinust; i++ ) {
fixed_pic_rate_flag{ i ] u(ly
iff tixed pic_rate_flagii])
pic_duration_in_fc_minssi{i] ue{v)
fow_delay _hrd flagli] u(i)
epb_cnt_minusi] i} ue{v)
if{ nal_hrd parameters_present_flag )
sub_layer hrd parameters( i)
if{ vel_hrd parameters_present_flag )
sub_layer_hrd parameters{i)
!

{3384} In the example of Table 1, above, and other syntax tables of this disclosure,

syntax elements with type descriptor ue(v) may be variable-length unsigoed integers
encoded using 0 order exponential Golorab (Exp-Golorab) coding with loft bit first. In
the example of Table 1 and the following tables, syntax clements having descriptors of

the form w(n), where # is a non-negative integer, are unsigned values of length .
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{80851 In the exarople syntax of Table 1, the syntax elements i the “if {
commounlutPresentFlag ) { ... }” block are the coramon information of the HRD
parameter sets. In other words, the common information of set of HRID parameters may
include the syntax elements timing info present flag, num units in tick, time scale,
nal hrd parameters present flag, vel hrd parameters present flag,

sub_pic_cpb params_present flag, tick_divisor_minus?2,

du cpb removal delay length munusl, bit rate scale, cpb _size scale,
jttial epb removal delay length minusl, cpb_removal delay length minusi, and
dpb_output_delay length minusl.

{6086} Furthermore, in the example of Table 1, the syntax clements

fixed pic rate flagli], pic duration in tc minusi{i], low delay hrd flag[i], and
cpb_cont_minusi{i] may be a set of sub-layer-specific HRD parameters. In other words,
these syntax element of the hrd pararetors( ) syotax structure may only be applicable to
operation points that include a specitic sub-layer. Thus, the HRD parameters of 2

hrd parameters( ) syntax structure may inchide, in addition to the optionally-included
common information, a set of sub-layer-specific HRD paramcters that s specificto a
particular sub-layer of the bitstream.

{80871 The fixed pic rate flag{i] syntax element may indicate that, when HighestTid is
equal to 1, the temporal distance between the HRD outpuot times of any two consecutive
pictures i 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_duration_in_t¢ minusii] syntax element may specify, when HighestTid is eqoal to
1, the temporal distance, in clock ticks, between the HRD output times of any
consecutive pictures in owtput order in the coded video sequence. The

fow delay hrd flagii] syntax element may specify the HRD operation mode, when
HighestTid 1s equal to 1, as specified in Annex C of HEVC Working Draft 8. The
cpb_cot_minusi{i] syotax eloment may specify the number of aliemative CPR
specifications in the bitstream of the coded video sequence when HighestTid is equal to
.

{8088} Video encoder 28 may use SET messages to inchude, in the bitstream, metadata
that 15 not required for correct decoding of the sample values of pictures, However,
video decoder 30 or other devices may use the metadata included in SEI messages for

various other purposes. For example, video decoder 30 may use the metadata o SET
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messages for picture output timing, picture displaying, loss detection, and error
concealment.

[3089] Video encoder 20 may include one or more SEI NAL units in an access unit, In
other words, any number of SEI NAL anits may be associated with an access unit.
Furthermore, each SEI NAL unit may coutain 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 SEI messages do not aftect the normative decoding process. One reason to
have SEI roessages in the HEVC standard is to enable supplemental data being
interpreted identically in different systems using HEVC. Specifications and systems
using HEVC may require video encoders to generate certain SEI messages or may
define specific handling of particular types of received SET messages. Table 2, below,

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

SEI message

Parpese

Buffering period

Initial delays for hypothetical reference decoder (HRD)
operation

Picture timing

Picture cutput tirne and picture/sub-picture reruoval time for
HRED operation

Pan-scan rectangle

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

Filler payload

Adjusting the bitrate to meet specific constraints

User data registered
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 certain 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-filier hant

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

Tone mapping

Remapping to another color space than that used or assumed

mformation i encoding
Frame packing . . . . R

P £ Packing of stereoscopic video into an HEVC bitstream
arrangergent

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 field coding, e.g. indicates whether the pictare is a
progressive frame, a ficld, or a frame containing two
interieaved fields

Diecoded picture hash

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

Sub-picture timing

Sub-picture removal time for HRD operation

Active parameter sets

Provides information on active VPS5, SPS, etc.

Structure of Pictures
description

Describes the temporal and inter prediction structure of the
bitstream
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80997 There are several problems or shortcomings with existing technigues for
signaling HRD parameters and selection of HRD pararocters and other parameters. For
exanple, in HEVC Working Draft &, only the sets of HRD parameters in the VPS are
selected for HRD operations. That is, although HRD parameters can be provided in
SPS’s, the sets of HRD parameters in SPS’s are not selected by HEVC video decoders
for HRD operations. Video decoders always parse and decode the VPS of a bitstream.
Hence, video decoders always parse and decode the sets of HRD parameters of the VPS.
{80911 This s true regardiess of whether the bitstream includes non-base layer NAL
units. For instance, ouly the hrd parameters( ) syntax structure coded in the VPS may
bie selected for HRD operations, and the possibly-present hrd parameters( ) syntax
structure in the SPS may never be selected. This may require the parsing and handling
of the VPS, even when decoding a bitstream that does not contain
nuh_reserved zero 6bits greater than O (i.e., the butstrears contains only the base layer
in a muktiview, 3DV, or SV extension of HEVC).

{60921 Thus, if the bitstream includes non-base layer NAL units, it may be a waste of
computational resources to parse and bandle the sets of HRD parameters in the SPSs.
Farthermore, if the sets of HRD parameters are present in the VPS5, the sets of HRD
parameters in the SPS’s may be wasted bits. For instance, if an hrd parameters( )
syntax structure is present in the SPS, the coded bits for the syntax structure may be
purely a waste of hits,

{8093 In accordance with one or more techniques of this disclosure, video encoder 20
may generate a bitstream that includes an SPS that is applicable to 8 sequence of
pictures, The SPS includes a set of HRD parameters. The set of HRD parameters is
applicable to cach operation point of the bitstream that has a set of layer identificrs that
matches a set of target layer identifiers. Thus, the sets of HRD parameters in the SPS’s
are not wasted, but rather may be ased for HRID operations. For instance, the operation
points to which the hrd_pararoeters( ) syntax structure coded i a SPS may be clearly
specified, ¢.g. to be the operation points for which only one value of

nuh reserved zero 6bits (e, fayer ID in a multiview, 3DV or scalable video coding
extension) is present in the bitstream.

{80941 For example, a device, such as video encoder 20 or video decoder 30, may
select, from among a set of HRD parameters in a video parameter set and a set of HRD

parameters in a SPS, a set of HRD parameters applicable to a particular operation point.
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In this example, the device may perform, based at least in part on the set of HRD
parameters applicable to the particular operation point, a bitstreara conformance test that
tests whether a bitstream subset associated with the particular operation point conforms
to a video coding standard. The bitstream conformance test may verify that the
operation point represeutation conforms to a video coding standard, such as HEVC.
{8095} In this disclosure, an operation point may be identified by a setof

nuh reserved zero Ghits values, denoted as OplayerldSet, and a Temporalld value,
denoted as OpTid. The associated bitstream subset derived as the output of the sub-
bitstream extraction process as specified in subclavuse 10.1 of HEVC Working Draft 8
with OpTid and OpLayeridSet as inputs is independently decodable. Subclause 10.1 of
HEVC Working Draft ¥ describes an operation for extracting a sub-bitstream (i.e., an
operation point representation) from the bitstream. Specifically, subclause 10.1 of
HEVC Working Drafi 8 provides that the sub-bitstream is derived by removing from the
bitstream all NAL units with teroporal identifiers (e.g., TeraporaliD) greater than
tidTarget or layer identifiers {e.g., nub_reserved zero 6bits) not among the values in
targetDecLayeridSet. thdTarget and targetDecLayerldSet are pararneters of the
bitstream exiraction process.

86396} In another example problem or shortcoming with the existing techniques for
signaling HRID parameters, a device, such as a video encoder, a video decoder, or
another type of device, may perform a bitstream conformance test on an operation point
representation for an operation point. As mentioned above, a set of target layer
identifiers and a temporal identifier may be used to identify the operation point. The set
of target layer Wentifiers may be denoted as “TargetDecLayerfdSet.” The tonporal
identifier may be denoted as “TargetDecHighestTid.” Problematically, HEVC Working
Drraft € does not specify how TargetDecLayeridSet or TargetDecHighestTid are set
when performing a bitstream counformance test. For instance, when the decoding
process is invoked for a bitstream conformance test, the semantics of syotax elernents
are not clearly specified as the values of TargetDechayerldSet and
TargetDecHighestTid are not properly set.

{88971 One or more techniques of this disclosure indicate how TargetDecELayerldSet
and TargetDecHighestTid are set when performing a bitstream conformance test. For
instance, the general decoding process for a bitstream (or operation point representation)

ts modified such that if the bitstream {or operation point representation) is decoded i a
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bitstream conformance test, TargetDecLayeridSet is set as specified in subclause C.1 of
the HEVC standard. Simularly, the general decoding process for a bitstream (or
operation point representation) may be modified such that if the bitstream (or operation
point representation) is decoded in a bitstream conformance test, TargetDecHighestTid
is set as specified in subclanse C.1 of HEVC Working Draft & To other words, the
device may determine a target layer identifier set of the particular operation point that
contains cach layer identifier present in the bitstream subset and the layer identifier set
of the particular operation point is a subset of layer wdentifiers present in the bitstream.
In addition, the device may determine a target temporal identifier of the particular
operation point that is equal to a greatest tomporal identifier present in the bitstream
subset and the target temporal identifier of the particular operation point is less than or
equal to the greatest temporal identifier present in the bitstream.

{8098} In subclause C.1 of HEVC Working Draft 8, TargetDeclayeridSet is set to
targetOpLayeridSet. targetOplayeridSet contains the set of values for

nuh reserved zero 6bits present in the operation point representation of the operation
point gader test, targetOpLayerldSet is a subset of the values for

nuh reserved zero Obits present in the bitstream under tost.

{8099} Furthermore, the variable TargetDecHighestTid identifies the highest temporal
sub-layer to be decoded. A ternporal sub-laver is a teraporal scalable layer of a
temporal scalable bitstream consisting of VCL NAL units with a particular value of
Temporalld and the associated non-VCL NAL units. In subclauge C.1 of the HEVC
standard, TargetDecHighestTid is set to targetOpTid. targetOpTid is equal to the
greatest ternporal_id present in the operation point representation of the operation point
under test and is less than or equal to the greatest temporal id present in the bitstream
under test. Thus, when the decoding process is invoked for a bitsiream conformance
test, the values of TargetDecLaveridSet and TargetDecHighestTid are set to the set of
nuh_reserved zero 6bits values and the greatest Temporalld value present in the sub-
bitstream corresponding to the operation point under test for the specific bitstream
conformance test.

[6100] Tn this way, a device {such as video encoder 20, video decoder 30, additional
device 21, or another device) may, in accordance with one or more techuniques of this
disclosure, perform a decoding process as part of performing a bitstream conformance

test. Performing the decoding process may comprise performing a bitstream extraction
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process to extract, from a bitstream, an operation point representation of an operation
point defined by a target set of layer wdentifiers and a target highest tomporal wdentifior,
The target st of layer identifiers (i.e., TargetDeclayeridSet) contains values of laver
identifier syntax elements (e.g., noh reserved zero 6bits syntax elements) present in
the operation point representation. The target set of layer identifiers is a subset of
values of layer wdentifier syntax elements of the bitstream. The target highest temporal
identifier (i.c., TargetDecHighestTid) is equal to a greatest teraporal identifier present in
the operation point representation. The target highest ternporal identifier is less than or
equal to a greatest tomporal wWdentifier present in the bitstream. Performing the decoding
process also comprises decoding NAL units of the operation point representation.
{3101} The decoding process is not always performed as part of performing a bitstream
conformance test. Rather, the decoding process may be a general process for decoding a
bitstrearn. When the decoding process is not performed as part of a bitstream
conformance test, an external source may specify TargetDeclayeridSet and
TargetDecHighestTid for an operation point. The external source may be any source of
information outside the bitstream. For example, a CDN device may programmmatically
determine and specify TargetDecLayerldSet and TargetDecHighestTid based on the
configuration of a particular video decoder. The device performing the decoding
process may use the externally-specified TargetDecLayerldSet and
TargetDecHighestTid to extract the operation point representation from the bitstream.
The device performing the decoding process may then decode NAL units of the
extracted operation point representation.

{61021 Thus, when the decoding process is not performed as part of the bitstrearn
conformance test, the device performing the decoding process may receive, from an
external source, a target set of layer identifiers and a target highest temporal identifier.
The target set of layer identifiers contains valaes of layer identifier syntax elements
present in an operation point representation. The target highest tomporal identifier 8
equal to a greatest ternporal identifier present in the second operation point
representation. Furthermore, the device performing the decoding process may perform
the bitstream extraction process to extract, from the bitstream, the operation point
representation. The device performing the decoding process may then decode NAL

units of the operation point representation.
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81031 In other instances, an external source does not specify TargetDecLayerldSet or
TargetDecHighestTid, To such nstances, the decoding process may be performed on
the whole bitstream. For example, the device may perform the bitstream extraction
process to extract, from the bitstream, an operation point representation. In this
example, 0 1s the only value of layer identifier syntax elements (1.e.,
nuh_reserved zero 6bits) present in the operation point representation.  Furthermore, in
this example, the greatest temporal identifier present in the bitstream is equalto g
greatest temporal identifier present in the operation point representation. In this
example, the device performing the decoding process roay decode NAL units of the
operation point representation.

{3104} As indicated above, a SPS may include an array of syntax elements denoted as
sps_max_dec pic buffering[i], where 1 ranges from 0 to the maximim number of
temporal layers in the bitstream. sps_max_dec_pic buffering{i] indicates the maxiroum
required size of the DPB when g highest temporal identifier (HighestTid) is equal to L
sps_max_dec pic buffering[i] indicates the reqaired size in terms of units of picture
storage butfers. Furthermore, a SPS may inchude an array of syntax elements denoted
by sps_max_num reorder pics[i], where 1 ranges from 0 to the maximum number of
temporal layers in the bitstream. sps max mum reorder picsi] indicates a maximum
allowed number of pictures preceding any picture in decoding order and succeeding that
picture in output order when a highest teraporal identifier (HighestTid) 1s equal to 1 In
addition, a set of HRD parameters may inchude an array of syntax clements denoted

cpb cnt minusli{i], where i ranges from 0 to the maximum number of temporal layers
in the bitstream. ¢pb_ont_minus 1] specifies the number of alternative CPB
specifications in the bitstream of the coded video sequence when a highest temporal
identifier (HighestTid) is equal to

(8105} Because HEVC Working Draft 8 does not specity what is meant by the highest
temporal identifier (HighestTid), HEVC Working Draft 8,
sps_max_dec pic buffering[i], sps_max mum_ reorder picsii], and cpb_cnt minusifi]
are not properly selected 1n HRD operations, bitstream conformance operations, and
level restrictions. In other words, the parameters sps_max_nuam_reorder picsii],
sps_max_dec pic buffering{i], and cpb_cont_minus1{i] o the HRI operations,

bitstream conformance requirements and level restrictions are not properly selected.
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[8186] Tn accordance with one or more techniques of this disclosure,

sps_max_dec pic buffering[i] is defined such that sps_max_dec pic_butferingii]
indicates the maximum reqguired size of the DPB when TargetDecHighestTid is equal to
i. TargetDecHighestTid is determined in the manner described above. This may stand
in contrast to HEVC Working Draft &, where HighestTid is not defived. The value of
sps_roax_dec pic buffering[i] shall be in the range of 0 to MaxDpbSize (as specified in
subclause A4 of HEVC Working Draft 8), inclusive. When 1 s greater than 0,
sps_max_dec pic buffering[i] shall be equal to or greater than

sps_max_dec pic buffering{i — 1], The value of sps_max_dec pic_buffering[i] shall be
less than or equal to vps _max dec pic buffering[i] for each value of 1,

[8167] Similarly, in accordance with one or more techniques of this disclosure,

o

sps_max_num_reorder pics[i] is defined such that sps_max_num reorder pics[i]
indicates the maximum allowed nurnber of pictures preceding any picture in decoding
order and succeeding that picture in output order when TargetDecHighestTid is equal to
i. TargetDecHighestTid 1s determined in the manner described above. The valae of
sps_max_oum reorder pics[i] shall be 1o the range of 0 to
sps_max_dec pic buffering[i], inchusive. When 1 i greater than 0,
sps_max_num reorder pics[i] shail be equal to or greater than

sps_max_num_reorder picsfi — 1] The vahie of sps_max_mum reorder pics{i] shall be
less than or equal to vps_max_num_reorder picsii] for cach value of L.

{3108} Furthermore, in accordance with one or more techniques of this disclosure,

cpb _cnt minusiii] may specify the number of altemative CPB specifications in the
bitstream of the coded video sequence when TargetDecHighestTid 15 equal to 1, where 1
ranges from 0 to the maximum number of termporal fayers in the bitstream.
TargetDecHighestTid is determined in the manner described above. The value of
cpb_cont minusi{i] is in the range of 0 to 31, inclusive. When low_delay hrd flagl[i] is
equal to 1, epb_cot_munusi{i] is equal to 0. When ¢pb_ont_minus 1[i] is not present,
cpb cnt minusiii] is inferred to be equal to 0.

{8109} Thus, in accordance with one or more techniques of this disclosure, a device
may determive, based on a highest teraporal identifier, a particular syntax element from
among an array of syotax elements. The highest teraporal identitier is defined such that
the highest temporal identifier always identifies a highest temporal layer to be decoded.

Thus, sps_max_num_reorder pics{i], sps_max_dec pic_buffering[i], and
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cpb ont minus 1] in the HRD operations, bitstream conformance requirements and
level restrictions are consistently selected with 7 equal to the clearly specified value of
TargetDecHighestTid.

{8110 In this way, a device (such a video encoder 20, video decoder 3G, additional
device 21, or another device) may perform a HRI operation to determine conformance
of a bitstream to a video coding standard or to determine conformance of a video
decoder to the video coding standard. As part of performing the HRD operation, the
device may determine a highest temporal identifier of a bitstream-subset associated with
a selocted operation poiot of the bitstrearn. In addition, the device may determine, based
on the highest temporal identifier, a particular syntax element from among an array of

syntax elements (e.g., sps_max_num_reorder picsii]

. sps_max_dec pic buffering(i], or
cpb_cont minusi{i]). Furthermore, the device may use the particalar syntax element in
the HRD operation.

{8111} Furthermore, in HEVC Working Draft 8, each of the hrd parameters( ) syntax
structures in the VPS may be associated with an operation_point_layer ids{ ) syntax
structure based on which a hrd parameters( ) syntax structure s selected for use 1o the
HRD operations. Corresponding to each selected hrd parameters{ ) syntax structure, a
set of buffering period SEI messages and picture timing SEI messages may also be
needed in the HRD operations. However, there 1s no way to associate a butfering period
SEI message or picture timing SEI message t0 a hrd _parameters{ ) syntax structure for
which the associated operation _point layer ids( ) syotax structure includes nmltiple
values of nuh reserved zero 6bits (iLe., multiple fayer IDs in a multiview, 3BV or
scalable video coding extension of HEVC).

(61121 A sohution to this problem may be to apply the multi-view coding scalable
nesting SEI message as specified in Annex H of H.264/AVC or simmilar. However, the
multi-view coding scalable nesting SEI message or similar SET messages may have the
tollowing disadvantages. Fustly, since SEI NAL units i H.264/AVC only have a one-
byte NAL unit header, there may be no way to use the information carried in

nuh reserved zero 6bits and temporal id plus] in the NAL unit header of the HEVC
SEINAL unit for association of a buffering period or picture fiming SEI message to
operation points. Secondly, each nested SEI message can only be associated with one

operation point.
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[6113] One or more techniques of this disclosare may provide a mechanism to clearly
specty the operation points to which a buffering period SET message, picture timing
SEI message or sub-picture timing SEI message applies, through the

applicable operation points( } syntax structure that may be carried in a buffering period
SEI message, picture tining SEI message, or sub-picture timing SEI message. The
mechanism may allow use the information carried 1o the syntax clements

nuh reserved zero 6bits and temporal id plusl in the NAL unit header of SEI NAL
units, and may allow the sharing of the information conveved in a same buffering
period, picture tining or sub-picture timing SET message by multiple operation points.
(6114} FIG. 2 is a block diagram illustrating an example video encoder 20 that may
implement the techniques of this disclosure. FIG. 2 is provided for purposes of
explanation and should not be considered limiting of the techniques 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
techniques of this disclosure may be applicable to other coding standards or methods.
6115} In the exarople of FIG. 2, video encoder 20 includes a prediction processing unit
100, a residual generation unit 102, a transform processing unit 104, a quantization uoit
106, an inverse quantization unit 108, an inverse transform processing unit 114, 8
recoustruction unit 112, a filter unit 114, a decoded picture buffer 116, and an entropy
encoding voit 118, Prediction processing untt 100 includes an inter-prediction
processing unit 120 and an intra-prediction processing unit 126, Inter-prediction
processing unit 120 includes a motion estimation unmit 122 and 2 motion compensation
unit 124, In other exaroples, video encoder 20 may inclade more, fower, or differcut
functional coraponents.

[#116] Video encoder 20 may receive video data. Video encoder 20 may encode each
CTU 1n a shice of a picture of the video data. Each of the CTUs may be associated with
equally-sized huroa coding tree blocks {CTBs) and corresponding CTBs of the picture.
As part of encoding a CTU, prediction processing unit 100 may perform quad-tree
partitioning to divide the CTBs of the CTU into progressively-smalier blocks. The
simaller block may be coding blocks of CUs. For example, prediction processing unit
100 may partition a CTB 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

of.
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(8117} Video encoder 28 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 more PUs of the CU. Thus, cach PU may be associated with a luma prediction block
and corresponding chroma prediction blocks. Video encoder 20 and video decoder 30
may support PUs having various sizes. The stze of a CU roay refer 1o the size of the
tuma coding block of the CU and the size of a PU may refer to the size of a fuma
prediction block of the PU. Assumung that the size of a particolar CU is ZNX2N, video
encoder 20 and video decoder 30 may support PU sizes of 2Nx2N or NxN for intra
prediction, and symmetric PU sizes of 2Nx2N, 2NxN, NxZN, NxN, or similar for inter
prediction. Video encoder 20 and video decoder 30 may also support asymmetric
partitioning for PU sizes of 2NxnlU, 2MNxnD, nLx2N, and nRx2N for inter prediction.
{8118} Inter-prediction processing unit 120 may generate predictive data for a PU by
performing inter prediction on each PU of a CU. The predictive data for the PU may
fnchide a predictive blocks of the PU and motion information for the PU. Inter-
prediction processing urit 120 may perform ditferent operations fora PU of a CU
depending on whether the PU is in an | slice, a P ¢lice, ora B shice. In an [ slice, all PUs
are intra predicted. Hence, if the PU 18 in an [ slice, inter-prediction processing unit 120
does not perform inter prediction on the PU. Thas, for blocks encoded in I-mode, the
predictive block is formed using spatial prediction from previously-cucoded
neighboring blocks within the same frame.

[6119] It a PU is in a P slice, motion estimation unit 122 may search the reference
pictures 1o 4 hist of reference pictures (e.g., “RefPicList(™) for a reference region for the
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 prediction blocks of the PUL
Motion estimation unit 122 may generate a reference index that indicates a position in
RefPicListd of the reforence picture containing the reference region for the PU. In
addition, motion estimation unit 122 may gencrate a motion vector that indicates a
spatial displacement between a prediction biock of the PU and a reference location
associated with the reference region. For instance, the motion vector roay be a two-
dimensional vector that provides an offset from the coordinates in the current picture 1o
coordinates in a reference picture. Motion estimation unit 122 may cutput the reference

ndex and the motion vector as the motion imformation of the PU. Motion compensation
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unit 124 may gencrate the predictive blocks of the PU based on actual or interpolated
saraples at the reference location indicated by the motion vector of the PU.

(61261 Ifa PU 1s in a B slice, 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 pictures of RefPicListd or a second reference picture list
(“RetPicList]™) for a reference region for the PU. Motion estimation unit 122 may
output, as the motion information of the PU, a reference index that indicates a position
i RetPicListd or RetPicListt of the reference picture that contains the reference region,
a motion vector that indicates a spatial displacement between a sample 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 is in
RefPicListd or RefPicListl. Motion compensation umit 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.

81211 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 RefPicList] for another reference region for
the P1J. Motion estimation unit 122 may generate reference indexes that indicate
posttions in RefPicListd and RefPicListl of the reference pictures that contain the
reference regions. o addition, motion estimation unit 122 may generate motion vectors
that indicate spatial displacements between the reference location associated with the
reference regions and a sample block of the PU. The motion information of the PU may
fuchude the reference indexes and the motion vectors of the PU. 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
(8122} Intra-prediction processing unit 126 may generate predictive data fora PU by
performing indra prediction on the PU. The predictive data for the PU may include
predictive blocks for the PU and various syntax clements. Intra-prediction processing
anit 126 may perform intra prediction on PUs in § slices, P shices, and B shees.

18123} To perform intra prediction on a PU, intra-prediction processing unit 126 may
use multiple intra prediction modes to generate nultiple sets of predictive data for the
PU. To use an intra prediction mode to generate a set of predictive data for the PU,

wntra~-prediction processing vnit 126 may extend samples from sample blocks of
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neighboring PUs across the sample blocks of the PU in a divection associated with the
iutra prediction mode. The neighboring PUs may be above, above and to the right,
above and to the left, or to the loft of the PU, assuming a left-to-right, top-to-bottom
encoding order for PUs, CUs, and CTUs. Intra-prediction processing unit 126 may use
various nambers of intra prediction modes, e.g., 33 directional intra prediction modes.
Tn some exaraples, the number of intra prediction modes may depend on the size of the
region associated with the PU.

{61241 Prediction processing umit 100 may select the predictive data for PUs ofa CU
frora among the predictive data generated by inter-prodiction processing unit 120 for the
PUs or the predictive data generated by intra-prediction processing unit 126 for the PUs,
In some examples, 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 sclected predictive data roay be referved to herein as the selected predictive
blocks.

{61257 Residoal generation unit 102 may generate, based on the huma, Cb and Cr
coding block of a CU and the sclected predictive huma, Cb and Cr blocks of the PUs of
the ClJ, a tuma, Cb and Cr residual blocks of the CU. For instance, residual generation
unit 102 may generate the residual blocks of the CU such that each sample in the
residual blocks has a value equal to a difference between a sample 1o a coding block of
the CU and a corresponding sarople in a corresponding sclected predictive block of a
PU of the CU.

[8126] Transform processing unit 104 may perform quad-tree partitioning to partition
the residual blocks associated with a2 CU into transforra blocks associated with TUs of
the CU. Thus, a TU may be associated with a luma transform block and two chroma
transform blocks. The sizes and positions of the luma and chroma transform blocks of
TUs of a CU may 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 “residual quad-tree” (RQT) roay
inchide nodes assoctated with cach of the regions. The TUs of a3 CU may correspond to
leaf nodes of the ROQT.

{81271 Transform processing unit 104 may generate transform coefficient blocks for
cach TU of a CU by applying one or more fransforms to the transform blocks of the TU.
Transform processing unit 104 may apply various transforms to a transform block

associated with a TU. For example, transform processing unit 104 may apply a discrete
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cosine transform (DCT), a directional transtorm, or a conceptually similar transform to
a transform block. fn 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 transform coefficient block.

[#128] Quantization unit 106 may quantize the transform coefficients in a coefficient
block., The quantization process may reduce the bit depth assoctated with some or all of
the transform coefficients. For example, an #-bit transform coefficient may be rounded
down to an m-bit transform coefficient during quantization, where n 1s greater than m.
Quantization unit 106 may quantize a coefficient block associated witha TU of a CU
based on a quantization parameter ((QP) value associated with the CU. Video encoder
20 may adjust the degree of quantization applied to the coefficient blocks associated
with a CU by adjusting the QP value associated with the CU. Quantization may
introduce loss of information, thus gquantized transform cocfficients may have lower
precision than the original ones.

[6129] Tnverse quantization unit 108 and inverse transform processing onit 110 may
apply inverse quantization and inverse transforms to a coefficient block, respectively, to
reconstruct a residual block tfrom the coefficient block. Reconstruction 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 reconstructed
transforra block associated with a TU. By recoustructing transforra blocks for cach TU
of a CU in this way, video encoder 20 may reconstruct the coding blocks of the CU.
[6130] Filter umit 14 moay perform one or more deblocking operations to reduce
blocking artifacts in the coding blocks associated with a CU. Decoded picture buffe
116 may store the reconstructed coding blocks after filter unit 114 performs the one or
more deblocking operations on the reconstructed coding blocks. Inter-prediction unit
120 may use a reference picture that contains the reconstructed coding blocks to
perforra fnter prediction on PUSs of other pictures. In addition, intra-prediction
processing unit 126 may use reconstructed coding blocks in decoded picture buffer 116
to perform intra prediction on other PUs in the same picture as the CU.

{81311 Entropy encoding anit 118 may veceive data from other functional components
of video encoder 20. For example, entropy encoding unit 118 may recetve coetficient
blocks from quantization unit 106 and may receive syntax elements from prediction

processing vnit 100, Entropy encoding unit 118 may perform one or more entropy
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encoding operations on the data to generate entropy-encoded data. For example,
cutropy encoding unit 118 may perform a context-adaptive variable length coding
{(CAVLC) operation, a CABAC operation, a variable-to-variable (V2V} length coding
operation, 3 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 bitstream that includes entropy-encoded data generated
by entropy encoding unit § L& For instance, the bitstream may inchude data that
represents a RQT fora CU.

133321 As indicated elsewhere in this disclosure, video encoder 20 may signal a VPS in
the bitstrearn. In HEVC Working Drraft 8, particular syntax clements of the VPS (1e.,
vps max_dec pic buffering[i], vps_max num reorder pics{i], and

vps max_latency increaseli]) are defined with reference to a value HighestTid, which
is not defined. In accordance with one or more techniques of this disclosure, these
syntax elements of the VPS may be defined with reference to a valiue
TargetDecHighestTid, which is defined such that the TargetDecHighestTid as described
clsewhere in this disclosure. Table 3, below, illustrates a syntax of a VPS in accordance

with one or more techniques of this disclosure.



WO 2014/047183 PCT/US2013/060412

39
TABLE3-VPS
video parameter_set_rbsp( ) { Descriptor

video_parameter_set_id u4)
vps_texoporal_id_oesting flag uil}
vps_reserved_zers 2hits w(2)
vps_reserved_zero_6bits (6}
vps_max_sub lavers_minusi w3}
profile_tier level( |, vps_max_sub_layers_minust )
vps_reserved_zere_i2bits w12y
for{ i=0; 1 <= vps_max_sub_layers_minusl;i++} §

vps_max_dec_pic_bufferingl 1 ] ue{v)

vps_max_pum_reerder_picsfi] ue{v)

vps_max_latency_increasef 1] ue(v)
}
vps_oume_hrd_parameters ue{v)
for{ 1=0; i < vps_num_hrd parameters; i++ ) {

operation_point_laver ids{ 1}

hed parameters{ { == 0, vps_max_sub_layvers minusl }
}
vps_extension_flag u(l}y
iff vps_extension_flag )

while{ more_rbsp_data{ )}

vps_cxtension_data_flag u{l}
i
rhsp_trailing bits( }
h

81331 The italicized portions of Table 3 and other syntax tables or semantics
descriptions throughout this disclosare may indicate differences from HEVC Working
Draft & In accordance with one or more techniques of this disclosare, the semantics for
the following syntax elements of the VPS may be changed as follows., The semantics
for other syntax elements of the VPS may remain the sarae as in HEVC Working Draft

vps_max_dec pic buffering| i | specifics the required size of the decoded

f—

picture buffer in units of picture storage buffers when TargetDecHighestTid i3
equal to 1. The value of vps_max_dec pic buffering] 1 ] shall be in the vange of
0 to MaxDpbSize {as specified v subclause A.4), jochusive. When 1 is greater
than 0, vps_max dec pic buffering{ 1 | shali be equal to or greater than

vps_max dec pic bufferingf 11

[—
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vps_max_num_reorder_pics| i | indicates the maximum allowed number of
pictures preceding any picture in decoding order and succeeding that picture in
output order when TargetDecHighestTid is equal to L. The value of
vps_max_nam_reorder pics 1 | shall be in the range of G to

vps max_dec pic buftering] 1], jnclusive. When 1 is greater than §,

vps max num reorder pics| 1 ] shall be equal to or greater than

[i
vps_max num_ reorder pics[ 11

f—

vps_max_latency increase| i | not equal to O 1s used to compute the value of
MaxLatencyPictures| 1 | as specified by setting MaxLatencyPictures| 1 ] to
vps_max_nam_reorder pics] 1]+ vps _max latency increase| i ] When

vps max latency increasel 1] s not equal to O, the value of
MaxLatencyPicturesi 1 | specifies the maxinwm number of pictures that can
precede any pictore in the coded video sequence in output order and follow that

picture in decoding order when TargetDecHighestTid 5 equal 10 1. When

. - . . . S8y g 32
The value of vps _max latency increase] i | shall be in the range of Q10277 2

2

inchusive.

{8134} As shown above, the semantics of vps_max dec bufferingfi],
vps_max_num_reorder picsii], and vps_max latency increasefi] may be defined with
reference to TargetDecHighestTid, In contrast, HEVC Working Draft 8 defines

vps max_dec pic bufferingfi], vps max mum reorder picsfil, and

vps max latency increase|i] with reference to HighestTid, where HighestTid is not
defined.

[B135] As shown in the exarople syntax of Table 3, the VPS inchudes pawrs of
operation point layer ids( ) syntax structurcs and hrd parameters{ j syntax structures.
The hrd parameters{ } sypiax structures include syntax elements that specify sets of
HRD parameters. An operation_point_layer ids{ ) syntax structure includes syntax
clernends that identify a sct of operation points. The set of HRD parameters specified in
a hrd parameters{ )} syntax structure may be applicable to the operation points identified

by the syntax elements 1n the corresponding operation_point layer ids{ ) syntax
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structure. Table 4, below, provides an example syntax for an

operation_point layer ids( ) syntax structure.

TABLE 4 — Operation Point Layer [Ds

operation_peint_layer ids( opldx } { Descriptor

op_own_{ayer_id values_minssi{ opldx | uel{v)

for(1=0; i <=op_nurn_layer_id values minusi] opldx 1, i++)

op_layer_id] opldx [ 1] w6}

——

{8136} Section 7.4.4 of HEVC Working Draft 8 describes the serpantics of an op_point
syntax structure. In accordance with the one or more techniques of this disclosure,
section 7.4.4 of HEVC Working Drraft & may be changed as follows to provide

seroantics for the operation point layer ids( ) syntax structure of Table 4.

he operation point laver ids dx } svntax struciure specifies the set of
The operation_point layer ids{ opldx } svntax struciure specifies the sef of
nuh_reserved zevo 6bits values inchided in the OpLayeridSet of the operation
points to which the opldx-1h hrd_parameters{ } svutax structure in the video

parameter set applies.

op_num_layer_id valuwes_minusi| opldx | plus I specifies the nurnber of
nuh reserved zevo 6bits values included in the OplaveridSer of the operation
poinis to which the opldx-th ird _parameters{ } syniax structure in the video
parameter set applies. op vum layer id values minus{ opldx ] shall be less
than or equal to 63, In bustrearns conforming to this Specification,

op mum layver id values minusii opldx | shall be equal to 0. Although the
vahie of op num laver id values minusi{ opldx ] is required to be equal to §
in this version of this Specification, decoders shall allow other values to appear

in the op num layer id values minusi{ opldx | syntax.

op layer id{ opldx J[ 1 ] specifics the i-th value of nuh_reserved zero 6bits
included in the OplaveridSet of the operarion points to which the oplde-th
fird_parameters{ } syniax structure in the video parameter set applies. No value

ofop layer 1d] opldx [ 1] shall be equal to op_layer id{ opldx J[j [ wheniis



WO 2014/047183 PCT/US2013/060412

42

not equal to § and both 1 and j are in the range of O to
op_num layer id values manus!, inclusive. op _layer id] 0 1 0 1 s inforred to

be equal 0 0.

(81371 As indicated above, the op_mum layer id values munusi{opldx] syntax
clement, plus 1, specifies the number of nub_reserved zero 6hits values included in the
OpLayerldSet of the operation points to which the opldx-th hrd parameters( ) syntax
structure in the video parameter set applies. In contrast, HEVC Working Draft 8
provides the op_num layer id values wminusi{opldx] syntax cleraent, plus 1, specifies
the number of nuh reserved zero 6bits values included in the operation point identified
by opldx. Similarly, in the example of Table 4, the op laver d{opldx]{i] syntax
element specifies the i-th value of nuh reserved zero 6bits included in the
OplLayerldSet of the operation points to which the opldx-th hrd parameters( ) syntax
structure in the video parameter set applies. In contrast, HEVC Working Draft 8
provides that the op_layer id{opldx]{i] syntax element specifies the i-th vahie of

ruh reserved _zero 6bits included in the operation point identified by opldx.

{33 38] Section 7.4.2.2 of HEVC Working Draft 8 describes semantics for the SPS. In
accordance with one or more techniques of this disclosure, the following changes may
be made to section 7.4.2.2 of HEVC Working Diraft 8. Semantics for other syntax

clements of SPS may be the same as in HEVC Working Draft &:

sps_max_dec pie bufferingi] specifies the maximum required size of the
decoded picture butter in units of picture storage buffers when
TargetDecHighestTid 1s equal to 1. The value of sps_max _dec pic buftering{i]
shall be in the range of § to MaxDiphSize (as specified in subclause A 4),
inchisive. When 1 is greater than ), sps_max_dec pic_bufferingfi] shall be equal
1o or greater than sps_max_dec pie buffering[t — 1] The value of
sps_max_dec pic bufferingli] shall be less than or equal to

vps max dec pic buffering{i] for cach vahie of 1.

sps_max_num_reorder_pies{t] indicates the maximurn allowed nurnber of
pictures preceding any picture in decoding order and succeeding that picture in

output order when TargetDecHighestTid 1s equal to 1. The value of
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sps_max_num_reorder picsii] shall be n the range of 0 to

sps_max_dec pic buffering[i], inclusive. When 11s greater than 0,

sps max_num_reorder pics{i] shall be equal to or greater than

sps max_num reorder pics{i — 11 The value of sps_max _num reorder pics{i]

shall be less than or equal to vps_max_num_reorder pics[i] for each value of L

sps_max_latency_increaseli] not equal to O is used to compute the value of
MaxLatencyPictures{i] as specified by setting MaxLatencyPictures[i] equoal to
sps_max_num_reorder pies{i] + sps_max latency increase{l]. When

sps max latency increase{i] is not equal to §, the value of
MaxLatencyPictures{i] specifies the maximum number of pictures that can
precede any picture in the coded video sequence in output order and follow that
picture in decoding order when TargetDecHighestTid is equal to 1. When
sps_max latency increaseli] is equal to 0, no corresponding limit is expressed.
The value of sps_max_latency_increase[i] shall be in the range of 0 10 272~ 2,

imclusive. The value of sps_max_latency increase[i] shall be less than or equal

.o

31391 As shown above, the semantics of sps_max_dec pic_bufferingfi],
sps_roax_nwurn_reorder picsfi], and sps_max_latency increaseli] are defined in terms of
TargetDecHighestTid. TargetDecHighestTid is determined as described clsewhere in
this disclosure. In contrast, HEVC Working Draft 8 defines the semantics of
sps_max_dec pic buffering[i], sps_max_num reorder picsii], and

sps_max_latency increase[i} with refercnce to HighestTid, which is not defined.

#1468} Section 7.4.5.1 of HEVC Working Draft 8 describes general slice header
semantics. In accordance with one or more techniques of this disclosure, the following
changes moay be made to section 7.4.5.1 of HEVC Working Draft 8. Other portions of

section 7.4.5.1 of HEVC Working Draft 8 may remain the same.

no_ouiput_of priov_pics flag specifies how the previously-decoded pictures
in the decoded picture buffer are treated after decoding ofan IDR ora BLA
picture. See Annex . When the current picture is a CRA picture, or the current

picture is an IDR or BLA picture that is the first picture in the bitstream, the
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vahie of no_output_of prior pics flag has no effect on the decoding process.
When the current picture is an IDR or BLA picture that is not the picture inthe
bitstream, and the vahie of pic_width_in huma samples or

pic_height in luma samples or

sps_max_dec pic buffering| TargetDecHighestTid] derived from the active
sequence parameter set is different from the value of

pic_ width in fluma samples or pic_height in luma samples or

sps_max_dec pic buffering| TargetDecHighestTid] derived from the sequence
parameter set active for the preceding picture, no_output_of prior_pics flag
equal to 1 may (but should not) be inferred by the decoder, regardless of the

actual value of no_output of prior pics flag.

{8141} As shown above, the semantics of no_output_of prior pics flag are define
with reference to sps_max_dec pic buftering{ TargetDecHighestTid],
TargetDecHighestTid 1s determined as described elsewhere in this disclosure. In
contrast, HEVC Working Draft 8 defines the semantics of

no output of prior pics flags with reference to

sps_max dec pic buffering[HighestTid], where HighestTid is not defined.

[#142] Section &1 of HEVC Working Draft 8 describes a general decoding process. In
accordance with one or more techmuques of this disclosure, the general decoding process

of HEVC Working Draft ¥ may be changed as follows.

The input of this process is a bitstream and the output is a list of decoded

pictures.

The set TargetDecLayeridSet, whick specifies the set of values jor
nuh_reserved zero 6bits of VUL NAL units 1o he decoded, is specified as
follows:
If some external means not specified in this Specification is available to set
TargetDeclaverldSet, TargerDecLayerldSet is set by the external means.
—  Otherwise if the decoding process is invoked in a bitstream conformance fest
as specified in subciause C. I, TargetDeclayeridSet is set as specified in

subclause C 1
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—  (therwise, TargetDeclaveridSet containg only one value for

nuh_reserved zero 6bits, which is equal to 0,

The variable TargetDecHighestTid, which identifies the highest temporal sub-

layer 1o be decoded, is specified as follows:

~  {f some external means not specified in this Specification is available to set
TargetDecHighestTid, TargetDecHighestTid is set by the external means.

—  (Mherwise if the decoding process is invoked in g bitstream conformance fest
as specified in subclause C 1, TargerDecHighestTid is set as specified in
subclause C. 1.

Otherwise, TargetDecHighestTid is set to sps_max_sub lavers minusl.

The sub-bitstream extraction process as specified in subclause 10.1 is applied
with TargetDecHighestTid and TargetDecLayeridSet as inpuls and the output is

assigned to a bitstream veferved 1o as BitstreamToDecode.

The following applies to each coded picture (referrved to as the current piciure,

which is denoted by the variable CurrPic) in BitstreamToDecode.

Depending on the value of chroma_format ide, the nurober of sample arrays of

the current picture is as follows.

—  Hchroma format ide is equal to 0, the current picture consists of 1 sample
array Sy,

~ Otherwise (chroma_format idc is not equal to §), the current picture consists

of 3 sample arrays S¢, Scw, Scr.

The decoding process for the current picture takes the syniax elements and
upper-case variables from clause 7 as input. When interpreting the semantics of
each syntax element in each NAL unit and "the bitstream” or part thereof {e.g., a

coded video sequence) is involved, the bitstream or part theveof means

BitstreamToDecode or part thereof.
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The decoding process is specified such that all decoders shall produce
numerically identical resulis, Any decoding process that produces identical
results to the process deseribed herein conforms to the decoding process

requirements of this Specification.

When the current picture is a CRA picture, the following applies:

— I some external means not specified in this Specification is available to set
the variable HandleCraAsBlaFlag to a value, HandleCraAsBlaFlag is set to
the value provided by the extemnal means.

—  Otherwige, the value of HandleCraAsBlaFlag is set 1o 0.

When the current picture is a CRA picture and HandleCraAsBlaFlag is equal to

1, the following applies during the parsing and decoding processes for cach

coded slice NAL unit;

—  The value of nal unit typeissetto BLA W LP.

— The value of no_output_of prior_pics flagis setto 1.
NQOTE I - Decoder implementations may choose 1o set the value of
no _outpui _of priov pics flag to O when ithe setiing does wnot affect
decoding of the current picture and the following pictures in decoding
order, e.g. when there is always a picture storage buffer available when

needed,

Fach picture referred to in this clause is a complete coded picture.

Depending on the value of separate_colour plane tlag, the decoding process 1s

structured as follows,
If separate colowr plane flag is equal to §, the decoding process is invoked
a single time with the current picture being the output.

~  Otherwise (separate_colour plane flag is equal to 1), the decoding process
is invoked three times. Inputs to the decoding process are all NAL units of
the coded picture with identical value of colour plane id. The decoding
process of NAL units with a particular value of colour_plane id is specified

as if only a coded video sequence with monochrome color format with that
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particular value of colour_plane id would be present in the bitstream. The

output of each of the three decoding processes is assigned to the 3 sample

arrays of the current picture with the NAL units with colour_plane id equal

to O being assigned to S;, the NAL units with colour plane id equal to 1

being assigned to Scp, and the NAL units with colour _plane id equal to 2

being assigned 1o Scy.

NOTE 1 — The vartable ChromaArrayType is derived as § when

separate colour plane flag is equal to I and chroma format idc is

equal to 3. In the decoding process, the value of this variable is

evaluated resulting in operations identical to that of monochrome

pictures with chroma format ide being equal to {3,

The decoding process operates as follows for the current picture CurrPic:

1. The decoding of NAL units 15 specified in subclause 8.2,

2. The processes in subclause 8.3 specify decoding processes using synax

elements in the shice layer and above:

Variables and functions relating to picture order count are derived
in subclause 8.3.1 (which only needs to be invoked for the first slice
of a picture).
The decoding process for reference picture set in subclause €.3.2 18
invoked, wherein reference pictures may be marked as "onused for
reference” or "used for long-term reference” {(which only needs to
¢ invoked for the fivst slice of a picture).
When the current picture is a BLA picture or is a CRA picture that
is the first picture in the bitstream, the decoding process for
generating unavailable reference pictures specified in subclanse
8.3.3 15 invoked (which only needs to be invoked for the first slice
of a picture).

PicOuiputFlag is set as follows:
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— T the current picture 13 a TFD pictare and the previous RAP
picture in decoding order is a BLA picture ot is a CRA picture
that is the first coded picture in the bitstream, PicOutputFlag is
set equal to0 0,

—  Otherwise, PicOutputFlag is set equal to pic_output flag

— At the beginning of the decoding process for cach P or B slice, the
decoding process for reference picture lists construction specified in
subclause 8.3.4 is invoked for derivation of reference pictare Hst §

(RetPicListd), and when decoding a B slice, reference picture list 1

{RetPicListl).

After all slices of the current picture have been decoded, the

decoded pictore i1s marked as "used for short-term reference™

3. The processes in subclauses 8.4, 8.5, 8.6, and 8.7 specify decoding

processes using syntax clements in the coding tree unit layer and above,

#8143} As indicated clsewhere in this disclosure, in HEVC Working Draft 8, when the
decoding process 1s invoked for bitstream conformance test, the sermantics of syntax
clements are not clearly specificd as the values of TargetDecLayeridSet and
TargetDecHighestTid are not properly set. The modifications shown above to the
general decoding process may remedy this issue. As shown above, when the general
decoding process is invoked for a bitstream conforrance test, the values of
TargetDecLayverldSet and TargetDecHighestTid are set as specified in subelause C.1.
As described below, a modified version of subclause C.1 may set TargetDecLayerldSet
to the set of nub_reserved zero 6bits values present in the sub-bitstream corresponding
to the operation point under test. The modified version of subclause C.1 may set
TargetDecHighestTid to the greatest Temporalld value present in the sub-bitstream
corresponding to the operation point ander test.

{3144} In this way, a device, such as video decoder 30, may perform 4 decoding process
as part of performing a bitstream conformance test. Performing the decoding process
may comprise performing a bitstream extraction process to extract, from a bitstream, an
operation point representation of an operation point defined by a target set of layer

identifiers and a target highest temporal wWentifier. The target set of layer identifiers
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may contain values of layer identifier syntax elements present in the operation point
representation, the target set of laver identifiers being 4 subset of values of layer
identifier syntax elements of the bitstream. The target highest temporal identifier may
bie equal to a greatest temporal identifier present in the operation point representation,
the target highest temporal identifier being less than or equal to a greatest temporal
wdentifier present in the bitstream. Furthermore, the device ray decode NAL units of
the operation point representation.

{61457 As indicated in the modifications to section &.1 above, the decoding process is
not necessarily perforrmed as part of the bitstrearn conformance test. To somie instances
where the decoding process is not performed as part of g bitstream contormance test, a
device may perform the bitstream extraction process to extract, from the bitstream, an
operation point represeutation of an operation point. In this case, 8 may be the only
value of layer ideuntifier syutax eleruents {¢.g., nuh_reserved zero Obiis) present 1o the
operation point representation, and the greatest temporal identificr present in the
bitstream 15 equal to a greatest temporal identifier preseut in the operation poiut
representation of the operation point. The device may decode NATL units of the
operation point representation of the second operation point.

[#146] Alternatively, the device may receive, from an external source, a target set of
tayer identifiers and a target highest temporal identifier. The target set of layer
wdentifiers roay contain values of layer identifier syutax elements present in an operation
point representation of an operation point that is defined by the target set of layer
identifiers and the target highest temporal identifier. The target highest temporal
identifier may be equal 0 a greatest ternporal identifier present in the operation point
representation of the operation point. Furthermore, the device may perform the
bitstream extraction process to extract, from the bitstream, the operation point
representation of the operation point. In addition, the device may decode NAL umits of
the operation point representation of the operation point.

{3147} Furthermore, in accordance with one or more techniques of this disclosure, the
sub-bitstream extraction process described in subclause 10.1 of HEVC Working Draft 8

may be changed as follows.

1t is requirement of bitstream conformance that any sub-bitstream that is

included in the output of the process specified in this subclause with tdTarget
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equal to any value in the range of 0 to 6, inclusive, and with layerfdSerTarget

containing ondy the value O shall be conforring to this Specitication.

NOTE — A conforming bitstream contains one or more coded slice NAL units

with nub_reserved zero 6bits equal to ¢ and Temporalld equal to 0.

Inputs to this process are 8 variable tidTarget and a set laveridSer Target.

Gutput of this process is a sub-bitstream,

The sub-bitstream is derived by removing from the bitstream all NAL units with
Temporalld greater than tidTarget or nub_reserved zero 6bits not among the

values in lgyerfdSeiTarget.

{6148} In subclause 10.1 of HEVC Working Draft &, the variable name
targetDecLaverldSet s used where layerldSetTarget is used above. The changes shown
above to subclause 10.1 of HEVC Working Draft to use layerfdSetTarget may serve to
clarify that there may be a distinction between the set of layer identifiers used in the
sub-bitstream extraction process and targetDecLayerldSet, which, as described
clsewhere in this disclosure, has a particular definition.

{3149} Furthermore, in accordance with one or more techniques of this disclosure, the
general tier and level specifications of section A.4.1 of HEVC Working Draft 8 may be
changed as follows. In this disclosure, a “profile” may refer to a subset of the bitstream
syntax. “Tiers” and “levels” roay be specified within cach profile. A level of a tier may
bie a specified set of constraints imposed on values of the syntax elements in the
bitstream. These constraints may be sirnple limits on values,

{3150} Alternatively, the constraints may take the form of constraints on arithmetic
combinations of values {e.g., picture width multiplied by picture height multiplied by
number of pictures decoded per second). A level specified for a lower tier is more
constrained than a level specified for a higher tier. In accordance with an example of

this disclosure, the "general level specifications” section (1.e. section A4, 1) of HEVC
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Working Draft R 1s re-titled "General tier and level specifications,” and the text s

changed as tollows. Table A-1 roay remain the sare as jo HEVC Working Draft 8,

For purposes of comparison of tier capabilities, the tier with general tier flag
equal to 0 shall be considered to be a lower tier than the fier with

general tier flag equal to 1.

For purposes of comparison of level capabilities, for a specific tier, a lower
level has a lower value of general Jevel idc.

The following s specified for expressing the constraints in this annex.

—  Let access unit o be the n-th access unit in decoding order, with the first

access unit being access unit O (i.¢. the 0-th access unit).

Let picture n be the coded picture or the corresponding decoded picture

of access unit n.

{et the variable fR be set to 1 =+ 300,

Bitstreams conforming to a profile at a specified level shall obey the following

constraints for each bitstream conformance test as specified in Annex

a) The nominal removal time of access unit n (with n > Q) from the
CPB as specified in subclause C.2.2 satisfics the constraint that

teof 1) — 4 n— 1 ) is equal to or greater than

Max{ PicSizelnSampiesY + MaxLumaSR, fR ) for the value of
PicSizelnSamplesY of picture n— 1, where MaxLumaSR is the value

specified in Table A-1 that applies to picture n — 1.

by The difference between consecutive output times of pictures from
the DPB as specified in subclause €.3.2 satisfies the constraint that
Aty gop 1 ) >= Max{ PicSizelnSamplesY + MaxLumaSR, iR ) for the
value of PicSizelnSamplesY of picture n, where MaxLumaSR is the
value specified in Table A-1 for picture n, provided that pichwre n is a
picture that is output and ts not the last picture of the bitstream that is

output.
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¢y PicSizelnSamplesY <= MaxLumaP8, where MaxLamaPS is

specified in Table A-1.
dy pic_width_in huma_samples <= Sqrt{ MaxLuraPS * § )
e} pic _height in luma samples <= Sqri{ MaxLumaPS * 8 )

£y sps_max dec pic_buffering| TargetDecHighestTid | <=
MaxDpbSize, where MaxDpbSize is derived as specified by the

foliowing:

if ( PicSizelnSamplesY <= { MaxLumaPS >>2 )
MaxDpbSize = Min{ 4 * MaxDpbPicBuf, 16)

else if ( PicSizelnSamplesY <= ( MaxLumaP5>> 1 })
MaxDpbSize = Min{ 2 * MaxDpbPicBuf, 16)

else it ( PicSizelnSamplesY <= { MaxLuomaP3 << 1}/3)
MaxDpbSize = Min{ (3 * MaxDpbPicBuf) »>> 1, 16}

else if { PicSizelnSamplesY <= {(( 3 * MaxLumaPS$ )>> 2 })
MaxDpbSize = Min{ (4 * MaxDpbPicBuf)/ 3, 16)

MaxDpbSize = MaxDpbPicBuf
where MaxTumaP§S is specified in Table A-1 and MaxDpbPicBuf is

equal to 6.

Table A-1 specifies the imits for each level of each tier. The use of the MinCR

parameter column of Table A-1 s specified in subclause A 4.2,

A tier and level to which the bitstream conforms shall be indicated by the syntax
clements general tier tlag and general level ide as follows,
general tier flag equal to § indicates conformance to the Main tier, and
general tier flag equal to 1 indicates conformance to the High tier,
according to the tier constraint specifications in Table A-1. general tier flag

shall be equal to 0 for levels below level 4 {corresponding 1o the entries in
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Table A-1 marked with "-"). Level limits other than MaxBR and MaxCPB o
Table A-1 are common for both the Main tier and the High tier.
general level ide shall be set equal to a vahlie of 30 times the level

mimnber specified in Table A-1.

0151} As indicated in ttem (f) above, bitstreams conforming to a profile at a specified
level obey the constraint that

sps_max_dec pic buffering[TargetDecHighestTid] <= MaxDpbSize.
TargetDecHighestTid may be defined in the manner described elsewhere in this
disclosure. In contrast, HEVC Working Diraft 8 indicates for ttem (f) that bitstreams
conforming to a profile at a specitied level obey the constraint that

sps_roax_dec pic buffering[ sps_roax_temporal lavers rotmus? ] <= MaxDpbSize. As
indicated elsewhere in this disclosure, the parameters sps_max_dec pic bufferingfi]
may not be properly selected in level restrictions. Replacing
sps_max_temporal layers nunus! with TargetDecHighestTid as the index 1 of
sps_max_dec pic buffering[i] may, in accordance with one or more techniques of this
disclosure, ensure that level restrictions are consistently selected with 1 equal to the
clearly-specified value of TargetDecHighestTid.

{8152} In this way, a decoding process of'a HRID may decode, from a SPS, an array of
syntax clements (¢.g., sps_max_dec pic buffering]) where cach of the syntax elements
in the array indicates a maximuam required size of a DPB of the HRD. Furthermore,
when a device performs a HRD operation, the device may determine, based on the
target highest temporal identifier (e.g., TargetDecHighestTid), a particular syutax
element in the array (e.2., sps_max dec pic butfering{ TargetDecHighestTid]).
Furthermore, the device may determine that the bitstream is not in conformance with the
video coding standard when a value of the particular syntax element is greater than a
maxinmum DPB size (e.g., MaxDpbSize).

{6153} Furthermore, in accordance with one or more example techniques of this
disclosure, section A.4.2 of HEVC Working Diratt § may be changed as follows.
Section A.4.2 of HEVC Working Draft 8 describes profile-specific fevel Himits for the

Main profile. Table A-2Z may remain the same as in HEVC Working Draft 8.
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Bitstreams conforming to the Main profile at a specified tier and level shall obey

the following constraints for the bitstream conformance fests as specified in

Annex C:

a} The number of slices (with dependent slice flag equal to either  or 1)

in a picture is less than or equal to MaxSlicesPerPicture, where

MaxShicesPerPicture is specified in Table A-1.

For the VCL HRD parameters,

BitRate] SchedSelldx ] <= ¢pbBrVelFacior * MaxBR and

CpbSize] SchedSelidx | <= cpbBrVciFactor * MaxCPB for at least one
value of SchedSelldx, where cpbBrvelFactor is specified in Table A-2
and BitRate] SchedSelldx | and CpbSizel SchedSelldx | are given as

follows.

Ifvel hrd paramcters present flag is equalto 1,
BitRate] SchedSelidy } and CpbSize| SchedSelidx | are given by
Equations E-45 and E-46, respectively, using the svniax elements

¢

that are selected as specified in subclause C 4.

—  Otherwise (vel_hrd parameters present flag is equal 10 0,

BitRate] SchedSelldx | and CpbSize] SchedSelldx | are inferred as

specified in subclause E.2.3 for VCL HRD parameters.

MaxBR and Max(CPB are specified in Table A-1 1o units of
cphBrVelFactor bits/s and cpbBrVelFactor bits, respectively. The
bitstream shall satisfy these conditions for at least one value of
SchedSelldx in the range G to cpb_cont_minusl| TargetDecHighestTid |,

inchasive.

For the NAL HRD parameters,

BuRate] SchedSelldx ] <= ¢pbBrNalFactor * MaxBR and

CpbSize] SchedSelidx | <= cpbRriNalFactor * MaxCPRB for at least one
value of SchedSelldx, where cpbBrNalFactor is specified in Table A-2
and BitRatel SchedSelldx ] and CpbSizel SchedSelldx | are given as

follows.
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— Ifnal hrd parameters present flag is equalto |,

BitRate] SchedSelldx | and CpbSize[ SchedSelldx | are given by
Bquations H-45 and H-46, respectively, using the syniax elements

that are selected as specified in subclause C.1.

Otherwise (nal hrd parameters present flag is equal to (),
BitRatef SchedSelldx § and CpbSize[ SchedSelldx | are inforred as
specitied in subclause E.2.3 for NAL HRD parameters.
MaxBR and MaxCPB are specified in Table A-1 inunits of
cpbBrNalFactor bits/s and cpbBrNalFactor bits, respectively. The
bitstream shall satisfy these conditions for at least one value of
SchedSelldx in the range O to cpb_cot_minusl| YargetDecHighestTid |,

inchusive.

The sum of the NumBytesInNALunit variables for access unit 0 is less
than or equal to

£.5 % { Max{ PicSizeinSaroplesY, fR * MaxLomaSR ) + MaxLumaSR *
({0~ 4,0} ) )+ MinCR for the value of PicSizelnSamplesY of
picture §, where MaxLumaPR and MinCR are the values specified in

Table A-1 that apply to picture O,

The sum of the NumBytesIluNALunit variables for access unit n with
0 > 0 is less than or equal to

ES* MaxbumaSR * (t{n)}—t{n— 1))+ MinCR, where
MaxLumaSR and MinCR are the values specified in Table A-1 that

apply to picture n.

For level 5 and higher levels, the variable CthSizeY shall be equal to 32

or 64,
The value of NumPocTotalCurr shall be less than or equal to 8.

The value of nur_tile columns minust shall be less than MaxTileCols
and num _tile rows minusi shall be less than MaxTileRows, where

MaxTileCols and MaxTileRows are as specified in Table A-1.
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(81541 As indicated elsewhere in this disclosuare, the parameters cpb_cnt minus!fi] may
not be properly selected 1o level restrictions. HEVC Working Draft 8 specifies that “the
bitstream shall satisfy these conditions for at least one value of SchedSelldx in the range
(tocpb ont minusl, inclusive...” Specifying TargetDecHighestTid as the index 7 of
cpb_cont minusi{i] may, in accordance with one or more techniques of this disclosure,
ensure that level restrictions are consistently selected with 7 equal to the clearly-
specified value of TargetDecHighest Tid.

[8155] Furthermore, in accordance with one or more techmques of this disclosure, the
general subclause C.1 1o Annex C of HEVC Working Draft § may be modified. The
figures C-1 and C-2 of subclause C.1 of HEVC Working Draft 2 may remain the same
as in HEVC WDE. The text of subclanse C.1 of HEVC Working Draft 8 may be

changed as follows.

This annex specifies the hypothetical reference decoder (HRD) and its use to

check bitstream and decoder conformance.

Two types of bitstreams are subject to HRD conformance checking for this
Specification. The first type of bitstream, called Type [ bitstream, 1s a NAL unit
stream containing only the VOL NAL units and NAL units with nal_onit_type
equal to FDNUT (filler data NAL units) for all access units io the bitstream.
The second type of bitstream, called a Type I bitstream, contains, in addition to
the VUL NAL units and filler data NAL units for all access units in the
bitstream, at least one of the following:

additional non-VCL NAL units other than filler data NAL units,

— all leading zero &bits, zero byte, start code prefix_one 3bytes, and

unit stream (as specified in Annex B).

Figure C-1 shows the types of bitstream conformance points checked by the

HRD.
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The syntax elements of non-VCL NAL units (or their default values for some of
the syntax elements) required for the HRD are specified in the semantic

subclauses of clause 7, Annexes D and E.

Two types of HRD parameters (NAL HRD parameters and VCL HRD
paramcters) are used. The HRD parameters are signaled through the video
paramcter set syntax structure or through video usability information as
specified in subclauses E.1 and E.2, which is part of the sequence parameter set

symfax structure.

Multiple tests may be needed jor checking the conformance of a bitstream. For
each rest, the following steps apply in the ovder listed:

i, An operation point under test, denoted as TargetQOp, is selected,
TargetOp is identified by OpLaverldSet equal to targetOpLaverkdSet and
OnTid equal to targetOpTid. targetOplaverldSet coniains the set of
values for nuh_reserved zere Obits present in the bitstream subset
associated with TavgetOp and shall be a subset of vaiues for
nuhi_reserved zero Ghits present in the bitstream under test.
targetOpTid is equal to the greatest Temporalld present in the bitstream
subset associated with TargetQOp and shall be less than or equal to the
greatestTemporalld present in the bitstream under test.

2. TargetDeclaveridSer is set to targetOplaveridSer, TargetDecHighestTid
is set to targetOpTid, and RitstreamToDecode is set to the output of the
sub-bitstream extraction process as specified in subclause 10,1 with
TargetDecHighesiTid and TargetDeclayerldSet as inpuis.

3. The hrd parameters{ } syntax structure and the
sub_laver hrd parameters{ } syntax structuve applicable 1o TargetOp
are selected. If TargetDeclayerldSet contains only the value 0, the
fird_parameters( ) syntax struciure in the active sequence parameter set
is selected. Otherwise, the hird parameters{ ) syntax structure that is in
the active seguence parameter set (or provided through an external

means) and for which the set of values specified by
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op layer id{ opldx J[ 1] foriin the range of G to

op num laver id values minusl| opldx ], inclusive, is identical to
TargetDeclaveridSer is selected. Within the selected hrd _parameters{ )
syntax structure, if BitstreamToDecode is a Type I bitstream, the

sub layer hvd povameters( TargetDecHighestTid ) syntax struciure that
immediately follows the conditfion

it vel hrd parameters present flag )" is selecied {in this case the
variable NalHrdModeFlag is set equal 10 (), otherwise
{BitstreamToDecode is a Tvpe Il bitsiream), the

sub layer hrd parameters{ TargetDecHighesiTid ) syntax structure that

either immediately follows the condition

“ift vel hird parameters_preseni flag }7 (in this case the variable
NalHrdModeFiag is set equal to 0) or the condition

it nal hrd parameiers present flag )" (in this case the variable

¥

NalHrdModeFiag is set equal to 1} is selected, and all non-VCIL NAL
units except for filler data NAL units ave discarded from
BitstreamTolDecode in the former case and the result is assigned to

BitstreamToDecode.

An access unit associated with a buffering perviod SET message
applicable to TargetOp is selected as the HRD initialization point and
referred 10 as access unii 0.

SEI messages including timing information are selected. The buffering
period SEI message that is coded in access unit § and applies to
TargetOp, as indicated by the applicable operation _points{ } syntax
structure, is selected. For each access unit in BitstreamToDecode
starting from access unit 0, the picture fiming SEI message that is
associated with the access unit and applies 1o TargeiOp, as indicated by
the applicable _operation_points( )} svntax structure, is selected, and
when SubPicCpbFlag is equal to 1 and

sub _pic _cpb _params_in_pic timing sei flag is equal to 0, the sub-

picture timing SET messages that are associated with decoding units in
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the access unit and apply to TargetOp, as indicated by the
applicable operation_points{ } syntax struciures, ave selected,

6. A value of SchedSelldx is selected. The selected SchedSelldx shall be in
the range of 0 to cpb_eni_minusi| TargetDecHighestTid ], inclusive,
where cpb_ont_minusl{ TargetDecHighestTid [ is found in the
sub layer hrd parameters( TargetDecHighestTid ) syntax structure as

selected above,

o~

The initial CPB removal delav and delay offset is selected and TFD
aecess uniis associated with access unit  may be discarded from
BitstreamToDecode. If the coded picture in access unir 0 has

nal_wnit tvpe equal to CRA_ NUT or BLA W _LP, and

message is equal to 1, either the defaull initial CPR removal delav and
delay offset represented by the initial cpb _removal delayf SchedSeildsc [
and initial_cpb_removal delay _offset] SchedSelldx | corresponding to
NalHrdModeFlag (in this case the variable DejaultinitCpbParamsFlag
is set equal o 1) or the alternative initial CPB removal delay and delay
offset represented by the initial_alr_cpb removal delayf SchedSelldx ]
and initial_alt cpb removal delay offset] SchedSeildx | corvesponding
to NailHrdModeFiag (in this case the variable
DefaultlnitCpbParamsFlag is set equal to 0} is selected, and TFD access
units associated with access unit O are discarded from
BitsreamToDecode in the latter case and the resuit Is assigned to
BitstreamToDecode. Otherwise, the default initial CPB removal delay
and delay offset is selected (in this case the variable

DefaultinitCpbParamsFlag is set equal to 1),

The number of bitstream conformance tesis carvied out is equal to
NI ENZ ® N3 ¥ (N4 ¥ 2+ NS}, where the values of NI, N2, N3, N4 and N5 are
specified as follows.

— N[ is the number of operation points contained in the bitstream under test.
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—  Jf BitstreamTaDecode is a Tvpe I bitstream, N2 is equal to 1, otherwise

{BitstreamToDecode is a Tvpe I bitstream) N2 is equal to 2.
N3 is equal to cpb_cnt minusl| TargetDecHighestTid | + 1.

—  N{ is the number of access units associated with buffering period SEI
messages applicable to TargetOp in BitstreamToDecode, where the coded
picture in each of these access units has nal unil_tvpe equal to CRA NUT
or BLA W LP, and the associated buffering perviod SEI message applicable

to TargetOp has rap _cpb_params _present flug equal to £,

— N5 is the number of access wnits associated with buffering period SET
messages applicable to TargetOp in RitstreamToDecode, where the coded
CRA NUT and BLA W _LP, or the associated buffering period SEI message

applicable to TargerOp has rap_cpb _params present flag equal to 0.

When BitsireamToDecode is a Type [T bitsiveam, if the

sub layver hrd parvameters{ TargetDecHighestTid } svntax structure that
immediately follows the condition "iff vei _bvd pavameters present flag }"is
selected, the test is conducted at the Type I conformance point shown in Figure
C-1, and only VCL and filler data NAL uniis are counted for the input bit rate
and CPB storage; otherwise (the

sub layer hrd parameters{ TargetDecHighestTid } svntax struciure that
immediately follows the condition "iff nal hrd parameters present flag )" is
selected, the tests is conducted ar the Type 1T conformance point shown in Figure
C-1, and all NAL units (of a Type 11 NAL unir stream) or all bytes (of a byte

stream} are counted for the input bit rate and CPE siorage.

MNOTE 3 - NAL HRD parameters established by a value of SchedSelldx for
the Type H conformance point shown in Figure C-1 are sufficient to also
establish VCL HRD conformance for the Type I conformance point shown in
Figure C-1 for the same values of InitCpbRemovalDelay] SchedSelldx |,
BitRate] SchedSeildy |, and CpbSize[ SchedSelldx | for the VBR case

{cbr flag[ SchedSelldx | equal to 0). This is because the data flow into the
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Type I conformance point is a subset of the data flow nto the Type I
conformance point and because, for the VBR case, the CPB 1s allowed 1o
become empty and stay empty until the tirne a next picture is scheduied to
begin to arrive. For example, when decoding a coded video sequence
conforming to one or more of the profiles specified in Annex A using the
decoding process specified in clauses 2-9, when NAL HRD parameters are
provided for the Type I conformance point that not only fall within the
bounds set for NAL HRD parameters for profile conformance in item ¢) of
subclause A.4.2 but also fall within the bounds set for VCL HRD parameters
for profile conformance in item b} of subclause A.4.2, conformance of the
VCL HRD for the Type I conformance point is also assured to fall within the

bounds of item b of sub¢lause A4.2.

All video parameier sets, sequence paramecter sets and picture parameter sets
referred to in the VCL NAL anits and the corresponding buffering period and
picture timing SEI messages shall be conveyed to the HRI, in a timely manner,
cither in the bitstream (by non-VCL NAL unis), or by other means not specified

in this Specification.

In Annexes C, D, and E, the specification for "presence” of non-VCL NAL units
is also satisfied when those NAL units (or just some of them) are conveyed to

decoders {or to the HRD) by other means not specified by this Specification. For
the purpose of counting bits, only the appropriate bits that are actually present in

the bitstream are counted.

NOTE 1 — As an example, synchronization of a non-VCL NAL unit,
conveyed by means other than presence i the bitstream, with the NAL units
that are present in the bitstream, can be achieved by indicating two points in
the bitstream, between which the non- VUL NAL unit would have been

present in the bitstream, had the encoder decided to convey it in the bitstrears.
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When the content of a non-VUL NAL unit is conveyed for the application by
sorae means other than presence within the bitstream, the representation of the
content of the non-VCL NAL unit is not required to use the same syntax as

specified in this Specification.

NOTE 2 — When HRD information is contained within the bitstream, it 1s
possible to verify the conformance of a bitstream to the reguirements of this
subclause based solely on mformation contained in the bitstream. When the
HRD information is not present in the bitstream, as is the case for all "stand-
alone” Type 1 bitstreams, conformance can only be verified when the HRD

data is supplied by some other means not specified in this Specification.

The HRD contains a coded picture buffer (CPB), an jnstantancous decoding
process, a decoded picture buffer (DPR), and output cropping as shown in

Figure C-2.

For each bitstrearn conformance tost, the CPB size (nurnber of bits) s
CpbSize{ SchedSelldx ] as specified by Equation E-46, where SchedSelldx and
the HRD parameters are selected as specified above in this subclause. The DPB
size (number of picture storage buffers) is

sps_max_dec pic buffering TargetDecHighestTid |.

The variable SubPicCpbPreferredFlag is either specified by external means, or

when not specified by external means, set to Q.

The variable SubPicCpbFlag is derived as follows:

SubPicCpbFlag = SubPicCpbPreferredilag &&
sub pic_cpb params present Hag(C-1)

If SubPicCpbFlag is equal to §, the CPB operates at access unit level and cach
decoding unit is an access unit. Otherwise the CPB operates at sub-picture level

and each decoding unit is 3 subsct of an access unit,
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The HRD operates as follows. Data associated with decoding units that flow mto
the CPB according to a specified arrival schedule are delivered by the HSS. The
data associated with each decoding unit are removed and decoded
istantancously by the instantancous decoding process at the CPB removal time
of the decoding unit. Fach decoded pictare 1s placed in the DPB. A decoded
picture is removed from the DPB as specified in subclause C.3.1 or subclause

C52.

The operation of the CPB for cach bitstream conformance test is specified in
subclause C.2. The instantancous decoder operation is specified in clauses 2-9,
The operation of the DPB for each bitstream conformance test is specified in
subclause C.3. The output cropping for cach bitstream conformance test is

specified in subclause C.3.2 and subclause C.5.2.

HASS and HRD mformation concerning the number of enumerated delivery
schedules and their agsociated bit rates and buffer sizes is specified in subclauses
ELLLE L2, E2.1, and E2.2. The HRD i initialized as specified by the
buffering period SEI message as specified in subclauses D1 L and D21, The
removal fiming of decoding units from the CPB and output tiraing of decoded
pictures from the DPB are specified in the picture timing SEI message as
specified in subclauses D.1.2 and D.2.1. Al timing information relating to a
specific decoding unit shall arrive prior to the CPB removal tiroe of the decoding

unit.

The requirvements for bitstream conformance ave specified in subclouse C.4, and

the HRID s used to check conformance of decoders as specified in

subclause C.5.
NOTE 3 - While conformance is guaranteed under the assumption that all
picture rates and clocks used to generate the bitstream match exactly the
vatues signaled in the bitstream, in a real system each of these may vary from

the signaled or specitied value,



WO 2014/047183 PCT/US2013/060412

64

All the anthmetic in this annex is done with real values, so that no rounding
errors can propagate. For exanmple, the number of buts in a CPB just prior to or
after removal of a decoding unit is not necessarily an integer.

The variable t, 18 derived as follows and is called a clock tick:
to = num units i tick + time scale (C-1)
The variable t; ws is derived as follows and is called a sub-picture clock tick:

te gun = L+ { tick _divisor_munus2 + 2} (C-2}

<

The following is specified for expressing the constraints in this annex:
- Let access unit n be the n-th access unit in decoding order with the first
access untt being access unit § (i.e. the O-th access umnit).
Let picture it be the coded picture or the decoded picture of access unit o,
Let decoding unit m be the m-th decoding unit in decoding order with the

first decoding unit being decoding unit 8.

181561 The modifications to section C.1 of HEVC Working Draft 8 above may clarify
the bitstream conformance tests. As indicated above, when the decoding process is
invoked for the bitstream conformance test in HEVC Working Draft 2, the semantics of
syntax elements are not clearly specified as the values of TargetDeclayeridSet and
TargetDecHighestTid are not properly set. The modifications to section C.1 clarify the
definitions of TargetDecLayerldSet and TargetDecHighestTid,

{3157} As shown in the above modifications to section C.1 of HEVC Working Draft &,
a device may perform an HRD operation (such as a bitstream conformance test) that
selects an operation point, determines a target set of laver identifiers
{TargetDeclayeridSet) of the operation point and the highest tomporal identifier
{TargetDecHighestTid), Furthermore, in the HRD operation, the device may select a sct
of HRD» parameters applicable to the operation point and use the selected set of HRD
parameters to configure a HRD that performs the decoding process. The set of HRD
parameters applicable to the particular operation point may inclade parameters that

specify an initial CPB removal delay, a CPB size, a bit rate, an initial DPB cutput delay,
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a DPB size, and 5o on. The HRII operation may inchude performing a decoding
Process.

[33158] In some cxamples, the device may select, from among one or more sets of HRD
parameters (e.g., hrd parameters( ) syntax structures) in 3 VPS and a set of HRD
parameters in a SPS, the set of HRD parameters applicable to the operation point. In
some examples, the device may determine the set of HRID parameters in the SPS s
applicable to the particular operation point when 3 layer identificr set of the operation
point contains a set of all layer identifiers present in a coded video sequence associated
with the SPS. Furthermore, in some examples, the device may select the set of HRD
parameters in the SPS in response to determining that the target layer identifier set (e.g.,
TargetDecLayerldSet) of the operation point contains only the value 8. In some
examples, the device may select a set of HRD parameter in the SPS in respouse to
determining that a set of layer identifiers (c.g., op layer d[ [ ) & identical to the target
layer identificr set {e.g., TargetDecLayeridSet) of the operation point.

[8159] Furthermore, as shown in the above modifications to section C.1 of HEVC
Working Draft 8 and other portions of this disclosure, the device may decode, from a
SPS, the array of syntax elements {(sps_max_dec pic buffering| ]) that cach indicate a
maximmm required size of a DPB of the HRD. The device may determine, based on the
target highest temporal identifier, a particolar syntax element in the array (i.e.,
sps_max_dec pic buffering{ TargetDecHighestTid]). As indicated above, a number of
picture storage buffers in the DPB is indicated by the particular syntax clement (i.c., the
DPB size {(number of picture storage buffers) is

sps_max_dec pic buftering] TargetDecHighestTid 1)

13160] In addition, 2 decoding process may decode a HRD parameters syntax structure
(hrd parameters( )) that includes the selected set of HRD parameters. The selected set
of HRD parameters inchides an array of syntax elements (¢bp_cnt_minusi[]) that each
indicate a number of alternative CPB specifications in the bitstream. The modifications
to section C.1 of HEVC Working Draft 8 clarify that when a device performs a HRD
operation, the device may select, based on the target highest temporal identifier
{TargetDecHighestTid), a particular syntax clement in the array

{cpb_ont_minusH{ TargetDecHighestTid]) and may select a scheduler selection index

(SchedSelldx) in a range of ( to a value of the particular syntax element. The device
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may determine, based at least in part on the scheduler selection index, an initial CPB
removal delay of a CPB of the HRD.

{33161] Section C.2.1 of HEVC Working Dvaft 8 relates to removal of pictures from the
DPB for bitstream conformance. In accordance with one or more example techniques

of this disclosare, section C.2.1 of HEVC Working Draft 8 may be changed as follows:

The specifications in this subclause apply independently to each set of DFB

paramerers selected as specified 1n subclause C. 1.

The removal of pictures from the DPB before decoding of the current picture
{but after parsing the slice header of the first slice of the current picture) happens
inastantancously at the CPB removal time of the first decoding unit of access unit

n {containing the current picture) and proceeds as follows.

The decoding process for reference picture set as specified in sabelause 3.2 1

mvoked.

If the current picture is an IDR or a BLA picture, the following applies:

1. When the DR or BLA picture is not the first picture decoded and the
value of pic_width in luma samples or pic_height in luma samples
or sps_max_dec pic bufferingf TargeiDecHighestTid | derived from
the active sequence parameter set is different from the value of
pic_width in luma samples or pic_height v luroa saroples or
sps_max_dec pic buffering! TargetDecHighestTid | derived from the
sequence parameter set that was active tor the preceding picture,
respectively, no_output_of prior pics flag s inferred o be equal to |
by the HRD, regardless of the actual value of

no output of prior pics flag.

NOTE — Decoder implementations should try to handle picture or
DPB size changes more gracefully than the HRD in regard to

changes in pic_width_in_luma sarmples,
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pic_height in huma samples, or

sps_max_dec pic_buffering] TargetDecHighestTid ].

2. When no output of prior pics flag is equal to | or is inferred to be
equal to 1, all picture storage buffers in the DPB are eroptied without

output of the pictures they contain, and DPB fullness s set to 0.

All pictures k in the DPB, for which both of the following conditions are true,
are removed from the DPB:
picture k is marked as "umused for reference”,
— pictare k has PicOutputFlag eqaal to § or its DPB output time is less
than or equal to the CPB removal time of the first decoding unit
(denoted as decoding unit m) of the current picture n; L.e. fo g k ) <=

t{m}

When a picture is removed from the DPB, the DPB fullness is decremented by

one.

i3162] As indicated clsewhere in this disclosure, the parameters

sps_max dec pic buffering

1} may not be properly selected in HRD operations. HEVC
Working Draft 3 merely indicates sps_max_dec pic _bufferingfi] instead of
sps_roax_dec pic buffering[TargetDecHighestTid], as shown above, HEVC Working
Draft 8 does not indicate the semantics of the index 1 in section C.2.1. Specifying
TargetDecHighestTid as the index 7 of sps_max_dec pic bufferingfi may, in
accordance with one or more techniques of this disclosure, ensure that 1 equal to the
clearly-specificd value of TargetDecHighestTid is used in

sps_max dec pic buffering

i} when performing the HRD operation of removing
pictares from the DPB.

{8163} A< shown in the above modifications to section C.2.1 ot HEVC Working Draft
8, a device may decode, from an SPS active for a current picture, a first array of syntax
clements (sps_max _dec pic buffering[l) that each indicate a maximum reqguired size of

a DPB of the HRD. In addition, the device may decode, from an SPS active for a
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preceding picture, a second array of syntax elemeuts (sps_max_dec pic buttering{])
that each indicate a maximur required size of the DPB of the HRD. The device may
determine, based on the target highest ternporal identifier (TargetDecHighestTid), a first
syntax element in the first array (sps_max_dec pic buffering{TargetDecHighestTid]).
In addition, the device may determine, based on the target highest temporal identifier, a
second syuntax elernent in the second array
{(sps_max_dec pic buffering{ TargetDecHighestTid})., When the current picture is an
mstantancous decoding refresh (IDR) picture or a broken link access (BLA) picture and
a value of the first syntax eleroent is different than a value of the second syntax clement,
the device may infer a value of a third syntax element (no_output_of prior pics tlag)
regardless of a value indicated by the third syntax element. The third syntax clement
may specify how previcusly-decoded pictures in the DPB are treated atter decoding of
an TDR picture or BLA picture.

(8164} An IDR picture may be a random access point (RAFP) picture for which each
slice segment has a nal_unit_type equal to DR W LP or IDR N LP. An IDR picture
countains ondy [ slices, and may be the first picture in the hitstream in decoding order, or
may appear later in the bitstream. An 1DR picture having nal unit type equal to
teading picture is a picture that precedes the associated RAP picture in output order. An
IDR picture having nal_unit_type equal to TDR_W_LP does not bave associated tagged-
for-discard (TFD) pictures present in the bitstream, but may have associated DLP
pictures in the bitstream.

(61651 A BLA picture 15 a RAP picture for which cach shice segroent has nal_unit_type
equal to BLA W TFD, BLA W DLPor BLA N LP. A BLA picture having
bitstrearmn. A BLA picture having nal_unit_type equal to BLA N _LP does not have
associated leading picturcs present in the bitstream. A BLA picture having

nal unit type equal to BLA W DEP does not have associated TFD pictures present in
the bitstream, but may have associated DLP pictures in the bitstream.

[8166] Section C.3 of HEVC Working Draft 8 describes bitstream conformance
operations. In accordance with one or more example techniques of this disclosure,

section C.3 of HEVC Working Prraft 8 may be modified as foliows:
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A bitstream of coded data conforming to this Specification shall fulfill ali

requirements specified in this subclause,

The bitstream shall be construcied according to the syntax, semantics, and

constraints specified in this Specification outside of this annex.

The first coded picture in a bitstream shall be a RAP picture, 1.¢. an DR

picture, a CRA pictare, or a BLA picture.

For each current picture that is decoded, let the variables maxPicOrderCnt
and minPicOrderCnt be set equal to the maxinmum and the minimum,
respectively, of the PicOrderCntVal values of the following pictures:
—  The current pictare.
The previous picture in decoding order that has Temporalld equal to 0.
—  The short-term reference pictures in the refercuce picture set of the
current picture.

All pictures n that have PicOutputFlag equalto Tand t{n ) <

picture.

All of the following conditions shall be fulfilled for cach of the bitstream

conformance tests:

1. For cach access unit n, with n>0, associated with a buffering period
SEI message, with Aty oo 1t ) specified by

Atyoo{ 1) =90000 * (Lo n ) —ta{nn— 1)) (C-1R)
the value of InitCpbRemovalDelay] SchedSelidx § shall be
constrained as follows,

— Ifchr flagl SchedSelldx §is equal t0 0,

InitCpbRemovalDelay{ SchedSelldx | <= Ceil{ Atgoo(n })
i7a 5
(C-19)

- Otherwise {cbr_flag| SchedSelldx | is equal to 1),
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Floor( Atyoc{ 1) ) <<= InitCpbRemovalDelay| SchedSelldx | <=
Cetl{ Atgoe 1 ) ) (C-20)

NOTE 4 ~ The exact nuomber of bits in the CPB at the removal
time of each picture may depend on which buffering period SEI
message is selected to jnttialize the HRD. Encoders must take
this into account to ensure that all specified constraints must be
obeyed regardless of which buffering period SEI message s
selected to initialize the HRD, as the HRD may be initialized at

any one of the buffering period SEI messages.

A CPB overtiow is specified as the condition in which the total
number of bits in the CPB is larger than the CPB size. The CPB shall

never overflow.

A CPB underflow is specified as the condition in which the noroinal
CPB removal time of decoding unit m & ,{ m j is less than the final
CPB asrrival time of decoding unit m t,{ m ) for af least one value of
m. When low delay hrd flag is equal to §, the CPB shall never
underflow,

When low_delay brd tlag 1s equal to 1, a CPB underflow roay occur
at decoding unit m. In this case, the final CPB arrival time of access
unit 1 containing decoding unit m t. 1t ) shall be greater than the
nominal CPB removal time of access unit o containing decoding anit

el 1)

. The nominal removal times of pictures from the CPB (starting from

the second picture in decoding order), shall satisty the constraints on

ten{ 0 ) and 4 v ) expressed in subclanses A4 1 through A.4.2

For eqach current piciuwre that is decoded, after invocaiion of the
process for removal of pictures from the DPB as specified in
subciause C.3.1, the number of decoded pictures in the DPR,

including all pictures n that ave marked as "used for reference” or
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that have PicOutputFlag equal 1o T and t, g0 1) >= L4 curePic ),
where currPic is the current picture, shall be less than or equal to

Max( 0, sps_max_dec pic_bufferingf TargetDecHighestTid | — ).

7. All reference pictures shall be present in the DPB when needed for
prediction. Each picture that has OutputFlag equal to | shall be
present in the DPB at its DPB output time unless it is removed from
the PR before its output tune by one of the processes specified n

subclause C.3.

R. For gach current picture that is decoded, the value of
maxPicOrderCnt — minPicOrderCnt shall be less than

MaxPicOrderCntlsh / 2.

9. The value of A gl 1 ) as given by Equation C-17, which is the
difference between the output time of a picture and that of the first
picture following it in output order and having PicGutputFlag equal
to 1, shall satisfy the constraint expressed o subclause A4.1 for the
profile, tier and level specified in the bitstream using the decoding

process specified in clauses 2 — 9,

{3167} As indicated elsewhere in this disclosure, the parameters
sps_max_dec pic buffering[i} may not be properly selected in bitstream conformance
operations. In item 6 of section .3, HEVC Working Draft § indicates that “the mumber
of decoded pictures 1o the DPB ... shall be less than or equal to Min(0,
sps_max_dec pic buffering| Temporalld § - 1),” where Termporalid is not defined.
Specifying TargetDecHighestTid as the index 7 of sps_max_dec pic bufferingfi] may,
in accordance with one or more techniques of this disclosure, ensure that 7 equal to the
clearly-specified value of TargetDecHighestTid is used in
sps_max dec pic buffering[i] when performing the bitstream conformance operations.
[8168] When a device performs a decoding process as part of a HRD operation, the
device may decode, from a SPS, an array of syntax elerents
(sps_max_dec pic buffering[]}), that cach indicate a maximum required size of a DPB
of the HRD. Furthermore, as part of performing the HRD operation, the device may

determine, based on the target highest teraporal identiticr (TargetDecHighestTid), a
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particular syntax element in the array. Furthermore, as shown in the above
modifications to section C.3 of HEVC Working Draft 8, the device may determine,
based at least in part on whether g mumber of decoded pictures in the DPB is less than or
equal to the maximum of § and a value of the particular syntax element minus 1,
whether the bitstream conforms to the video coding standard.

[8169] Section C.4 of HEVC Working Drafi R deseribes decoder conformance. In
accordance with one or more example techniques of this disclosure, section C.4 of

HEVC Working Draft 8 may be changed as follows:

A decoder conforming to this Specification shall fulfill all requirements

specified in this subclause.

A decoder claiming conformance to a specific profile, tier and level shall be
able to successfully decode all bitstreams that conform to the bitstroam
conformance requirements specified in subclause C4, in the manner
specified in Annex A, provided that all video parameter sets, sequence
parameter sets, and picture parameter sets referred to in the VCL NAL units,
and appropriate buffering period and picture timing SEI messages are
conveyed to the decoder, in a timely manner, either in the bitstream {by voun-

VCL NAL units), or by external means vot specified by this Specification.

When a bitstream contains syntax elements that have values that are
specified as reserved and it is specified that decoders shall ignore values of
the syntax elements or NAL units containing the syntax elements having the
reserved values, and the bitsiream is otherwise conforming o this
Specification, a conforming decoder shall decode the bitstream in the same
manner as i would decode a conforming bitstream and ignore values of the
syntax clements or NAL units containing the syntax clements having the

reserved values as specified.

There are two types of conformance that can be claimed by a decoder:

output fiming conformance and output order conformance.
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To check conformance of a decoder, test bitstreams conforming to the
claimed profile, tier and level, as specified by subclanse C.4 are delivered by
a hypothetical stream scheduler (HSS) both to the HRE and to the decoder
under test (DUT). All pictures output by the HRD shall also be output by the
DUT and, for cach picture cutput by the HRD, the values of all samples that
are output by the DUT for the corresponding picture shall be equal to the

values of the samples output by the HRD.

For output timing decoder conforrance, the HSS operates as described
above, with delivery schedules selected only from the subset of values of
SchedSelldx for which the bit rate and CPB size are restricted as specified in
Annex A for the specified profile, tier and level, or with "interpolated”
delivery schedules as specitied below for which the bit rate and CPB size are
restricted as specified in Annex A. The same delivery schedule is used for

both the HRD and DUT.

When the HRD parameters and the buffering period SEI messages are
present with cpb_ont minus | TargetDecHighestTid | greater than 0, the
decoder shall be capable of decoding the bitstream as delivered from the
HSS operating using an "interpolated” delivery schedule specified as having
peak hit rate v, CPB size ¢ r ), and initial CPB removal delay (f{ry+r)as

follows:

o = { r —~ BitRate[ SchedSelldx — 1 ]} + { BitRate] SchedSeldx |~
BitRate] SchedSelldx — 1 1),{C-22)

o ) =ua* CpbSize] SchedSelidx | + (1 — o} * CpbSize|
SchedSelldsx—1 ], {C-23)

f{ v ) = o = InitCpbRemoval Delay| SchedSelldx ] * BitRate{
SchedSelldx -+ (1 — o ) * initCpbRemovalDelay| SchedSelidx — 1
1 * BitRate[ SchedSelidx — 1 }{C-24)
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tor any SchedSelldx > ¢ and r such that BitRate[ SchedSelldx —1 [ <=r <=
BuRatel SchedSelldx ] such that r and o v ) arc within the hmits as
specified in Annex A for the maximum bit rate and buffer size for the

specified profile, tier and level

NOTE i — IntCpbRerovalDelay[ SchedSelidx | can be different from

oneg buffering period to another and have to be re-calculated.

For output timing decoder conformance, an HRD as described above is used
and the timing (relative o the dehivery time of the first bit) of picture output

is the same for both HRD and the DUT up to a fixed delay.

For output order decoder conformance, the tollowing applics.

The HSS delivers the biistream Ritstream ToDecode to the DUT "by
demand” from the DUT, meaning that the HSS delivers bits (in
decoding order) only when the DUT requires more bits to proceed with
s processing.

NOTE 2 — This means that for this test, the coded picture buffer of the

DUT could be as small as the size of the largest decoding umit.

A modified HRD as described below is used, and the HSS delivers the

bitstream to the HRD by one of the schedules specified in the bitstream
BitstreamToDecode such that the bit vate and CPB size are restricted as
specified in Annex A. The order of pictures output shall be the same for

both HRD and the DUT.

—  For output order decoder contormance, the CPB size is
CpbSizef SchedSelldx | as specified by Equation E-46, where
SchedSelldx and the HRD pavameters ave selected as specified above in
subclause C.1. The DPB size is

sps_max_dec pic buffering] TargetDecHighestTid |. Removal time
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from the CPB for the HRD is eqoal o final bit arrival time and decoding
is tmrnediate. The operation of the DPB of this HRD is as described in

subclauses C.5.1 through £.5.3.

(81781 As indicated elsewhere in this disclosure, the parameters ¢pb_ont minusifi] and
sps_roax_dec pic buffering[i] may not be properly selected in decoder conformance
requircrncnts. For instance, section C.4 of HEVC Working Draft § does not specify an
fndex for cpb_cnt_minust. Specifving TargetDecHighestTid as the index i of
cpb_ont_minusi{i] and sps_max_dec pic_bufferingfi] may, in accordance with one or
more technigues of this disclosure, ensure that decoder conformance operations are
consistently performed with 1 equal to the clearly-specified vahie of
TargetDecHighestTid.

{8171} Furthermore, section C.4.2 of HEVC Working Draft 8 describes removal of
pictures from the DPB for decoder conformance. In accordance with one or more
example technigues of this disclosure, the title of section C.4.2 may be changed from
“removal of pictures from the DPB” 0 “output and removal of pictures from the DPR.”

The text of section C.4.2 of HEVC Working Draft & may be changed as follows:

The output and removal of pictures from the DPB before decoding of the current
picture (but after parsing the slice header of the first shice of the current pictare)
happens instantancously when the first decoding unit of the access unit

containing the current picture is removed fror the CPB and proceeds as follows.

The decoding process for reference picture st as specified in subclause 8.3.2 i

invoked.

—  Ifthe current picture is an IDR or a BLA picture, the following applies.

I. When the IDR or BLA pictare is not the first picture decoded and the
value of pic_width_in_luroa saroples or pic_height_in_luma_samples
ot sps_max_dec pic _buffering/ TargetDecHighesiTid | derived from

the active sequence parameter set is different from the value of
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pic_width in loma samples or pic_height in fama samples or
sps_max_dec_pic_bufferingl TargerDecllighesiTid | devived from the
sequence parameter sct that was active for the preceding picture,
espectively, no_output_of prior_pics flag is inferred to be equal o 1
by the HRD, regardiess of the actual value of

no_output_of prior pics flag,

NOTE - Decoder implementations should try to handle picture or
DPB size changes more gracefully than the HRD in regard to
changes in pic_width in luma samples,
pic_height in huma samples or

sps_max_dec pic buffering] TargetDecHighestTid .

When no_output_of prior pics flag is equal to 1 or is inferred to be
equal to 1, all picture storage buffers in the DPB are emptied without

output of the pictures they contain.

When no _outpr_of prior _pics flag is not equal to 1 and is not
inferred to be equal 1o 1, piciure storage buffers containing a piciure
that is marked as "not needed for output” and "unused for reference”

. . 1 STt g Y ; - - 77 . PV ¥ I P T Tty . iy
are emptied (without output), and all non-empty picture storage buffers
in the DPA are empried by repeatedly invoking the "bumping " process

specified in subclause C.5.2.1,

Otherwise (the current picture 18 not an IDR or a BLA picture), picture
storage buffers containing a picture which are marked as "not needed for
output” and "unused for reference” are emptied (without output). When one

or more of the following conditions are true, the "bumping” process

specified in subclause C.5.2.1 is invoked repeatedly until there s an copty

picture storage buffer to store the current decoded picture.
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I.The number of picturcs in the DPB that are marked as "needed for
output” is greater than
sps_max_num reorder pics| TargetDecHighestTid |,

2. The mursber of pictures in the DPPB is equal to

sps_max_dec pic_buffering] TurgetDecHighestTid .

“Bumpins' nrocess

The "bumping” process 1s invoked in the following cases.

—  The current picture 15 an [DR or a BLA picture and
no_output_of prior pics flag is not equal to | and is not inferred to be

equal to 1, as specified in subclause C.5.2.

~  The curreni picture is not an IDR or a BLA picture, and the number of
pictures in the DPB that are marked "needed for output” is greater than
sps_ max num rveorder pics| TargetDecHighestTid |, as specified in

subclause C.5.2.

—  The current piciure is not an IDR or g BlLA picture and the number of
piciures in the DPEB is equal to
o) 7

sps_max_dec_pic bufferingl TargerDecHighesiTid [, as specified in

subclause C.5.2.

The "bumping” process consists of the following ordered steps:

1. The picture that s first for output is selected as the one having the sroallest
value of PicOrderCatVal of all pictares in the DPB marked as "needed for

output”.



WO 2014/047183 PCT/US2013/060412

~

2. The picture is cropped, using the cropping rectangle specified in the active
sequence parameter set for the picture, the cropped pictare 15 output, and

the picture i1s marked as "not needed for output”.

3. If the picture storage buffer that inchided the pictare that was cropped and
output contains a pictare marked as "omused for reference”, the picture

storage buffer is emptied.

[3172] As indicated elsewhere in this disclosure, the parameters
sps_max_dec pic buffering(i] and sps_max_num_reorder pics{i] may not be properly
selected in HRD operations, such as removal of pictures from the DPB. Specifving
TargetDecHighestTid as the index 7 of sps_max_dec pic_bufferingfi] and
sps_roax_nwurn_reorder picsii] roay, in accordance with one or more techniques of this
disclosure, ensure that { equal to the clearly-specified value of TargetDecHighestTid is

used in sps max dec pic bufferingii] and sps_max num reorder pics

i} when
performing the HRD operation of removing pictures from the DPR.

(81731 When a device performs a decoding process during an HRD operation, the
device may decode, from a SPS, an array of syntax clements

{sps_max_dec pic_buffering]]) that each indicate a maximum required size of a DPB of
the HRD. Furthermore, when the device performs the HRD operation, the device roay

determine, based on the target highest tomporal dentifier, a particular syntax clerment in

the array {sps_max dec pic buffering|TargetDecHighestTid]). Furthermore, the device
may perform a bumping process that empties one or more pictare storage buffers of the
DPB when a current picture is not an DR picture or a BLA picture and the nurober of
pictures in the DPB marked as needed for output is greater than a value of the particolar
syntax element.

{8174} Sunilarly, when a device performs a decoding process during an HRD operation,
the device may decode, from a SPS, an array of syntax clements

(sps_max_dec pic buffering{]) that cach indicate a maximum required size of a DPB of
the HRD. Furthermore, when the device performs the HRD operation, the device may
determine, based on the target highest teraporal identiticr, a particular syntax clement in
the array (sps_max dec pic buffering{TargetDecHighestTid]). Furthermore, the

device may perform a bumping process that empties one or more picture storage buffers
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of the DPB when a current pictare is pot an IDR picture or a BLA picture and the
rwiroher of pictures 1o the DPB s equal indicated by the particular syntax elernent.
13375] Furthermore, in accordance with one or more techniques of this disclosure, an
applicable operation points( ) syntax structure and associated semantics may be added
to HEVC Working Draft & Table 5, below, shows an example syntax of the

applicable _operation_points( ) syntax structure.

TABLE § - Applicable Operation Points

applicable operation points( } {

num applicabie ops_minusi we{v)

ﬁeiaultﬁ@pmapphcahie ﬁag u(l)
munOpsRiguatied = delailt_op_applicable flag 7
mum_applicable_ops_minus! : pum applicable ops ninusl + 1
for{ 1 =0; 1 <mumOpsSignalled; +++ ) {
operation_point layer ids(1)
ep_temporal ] 1] u(3)

{3176} The applicable operation point{ } syntax structure shown in Table 5 specifies
the operation points to which the SEI message associated with this syntax strocture
applies. The SEI message associated with an applicable operation_pomnt( ) syntax
structure {also referred to as the associated SEI message) is the SET message that
contains the applicable operation point( ) syntax structure. The SEI message
associated with an apphicable _operation_point( ) syntax structure may be a butfering
period SEI message, a picture timing SEI message or 2 sub-picture timing SEI message.
{81771 A default operation point may be defined as the operation point identified by
OpLayerldSet containing vahies 0 to nub_reserved zero 6bits, inclusive, where
nuh_reserved zero 6bits is coded o the NAL unit header of the SEI NAL unit
containing the associated SEI message, and OpTid is equal to the Temporalld value of
the SEI NAL unit containing the associated SEF message. Alternatively, the defanlt
operation point may be detined as the operation point identified by the OpLayerldSet
containing only the muh reserved zero 6bits in the NAL unit header of the SEINAL

unit containing the associated SEI message, and OpTid is equal to the Temporalld value
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of the SEI NAL unit containing the associated SEI message. Alternatively, the default
operation point may be detined as the operation point identified by the OpLayerldSet
containing only the value O, and OpTid is equal to the Temporalld value of the SEL
NAL unit containing the associated SEI message.

[8178] I default op applicable flag is equal to 1, the operation points to which the
associated SEI message applies are the default operation point and the
num_applicable ops minusl operation points identified by OplLayeridSet as specified
by operation_point layer ids{ 1) and OpTid equal to op_temporal 1d[i], with 1 1n the
range of 0 to num_applicable_ops_minus!, inclusive. Otherwise
{(default op applicable flag is equal to ), the operation points to which the associated
SEI message applies may be the num_ applicable ops minusi + 1 operation points
identified by OpLayverldSet as specified by operation_point_layer ids{ i ) and OpTid
equal to op_teraporal d[i], with 1 in the range of 0 to num_applicable ops minusi + 1,
inclusive,

[8179] Furthermore, in the exarmple syntax of Table §, the mum_applicable ops_minusi
syntax clement, plus 1, specifies the number of operation points to which the associated
SEI message applies. The value of nurmn_applicable ops minusl may be in the range of
{( to 63, inclusive. In the example of Table 5, the default op applicable flag syntax
element equal to 1 specifics that the associated SET message applies to the defaudt
operation point. The default op applicable flag syntax elernent equal 1o 0 specifies
that the associated SEI message docs not apply to the default operation point. The
op_temporal 1d[i] syntax element specifies the i-th OpTid value explicitly signaled in
the apphicable operation point( ) syntax structure. The value of op_teroporal_id{i] may
bie in the range of § to 6, inclusive.

{3188} As mdicated above, HEVC Working Draft 8 provides no way to associate a
buffering period SEI message or picture timing SEI message to a hrd parameters( )
symtax structure tor which the associated operation point layer ids{ ) syntax structure
inchudes multiple values of nubh reserved zero 6bits (i.e., multiple layer IDs ina
multiview, 3DV or scalable video coding extension of HEVC). The inclusion of the
applicable_operation_point( ) syntax structure may at least partially resolve this
problem. The apphicable operation point( ) syntax structure may clearly specify the
operation points to which a buffering period SEI message, a picture timing SEI message

or a sub-picture timing SET message applies. This may allow the use of information
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carried in the syntax elements nub_reserved zero 6bits and temporal id plast i the
NAL untt header of SEI NAL untts, and roay allow the sharing of the information
conveyed in a same buffering period, picture timing or sub-picture timing SEI message
for processing of video data associated with multiple operation points.

(3181} Section D.1.1 of HEVC Working Draft 8 describes the syntax of butfering
period SEI messages. In accordance with one or more example techniques of this
disclosure, the buffering period SEI message syntax may be changed as shown in Table
6, below. The changes to the buffering period SEI message syntax may enable

buffering period SEf moessages to include applicable_operation_points( ) syntax

structures.
TABLE 6 ~ Buffering Period
Buffering_period{ payloadSize ) | Descriptor
seq_parameter set id ue{ v}
applicable operation points( }
tf{ fsub_pic_cpb params present flag)
rap_cpb_params_present_flag u(1)
if{ NalHrdBpPresentFlag ) {
tor( SchedSelldx = 0; SchedSelldx < CphCni; SchedSelfdx++ )
{
initial cpb removal delay{ SchedSelidx | WV}
initial cpb removal delay offset] SchedSelldx | u{v}
if{ sub pic cpb params present flag ||
rap_cpb params present flag) {
initial_alt_cpb_removal delay] SchedSelldx | Wv)
initial alt cpb removal delay offset] SchedSelldx | WV}
H
!
;
if{ VelHrdBpPresentFlag ) {
for{ SchedSelldx = @; SchedSelldx < CphCnr; SchedSelldx++ )
{
initial cpb_removal delay{ SchedSelidx | (v}
initial cpb removal delay offset] SchedSelldx | u{v}
if{ sub pic cpb params present flag ||
rap_cpb params present flag) |
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initial_alt_cpb_removal delay] SchedSelldx | Wv)
initial alt cpb_removal delay offset] SchedSelidx | WV}
;
¥
}
:

(61821 Scction D.2.1 of HEVC Working Draft 8 describes the semantics of the syntax

elements of buffering period SEI messages. In accordance with one or more technigues

of this disclosare, the semantics of the buffering period{payloadSize) syntax struchure

may be changed as follows. Semantics for those syntax elements not mentioned are the

same as in HEVC Working Draft 8.

A buffering period SE1 message provides information of initial CPE removal

delay and initial CPB vemoval delay offset.,

The following applies for the buffering period SE message syntax and

semantics:

The syntax elements initial_cpb _vemoval delay length minusl and
sub _pic_cpb params present flag, and the varigbles

NalHrd BpPresentFlag, VelHrdBpFresentFlag, CpbSizef SchedSelldx ],
RitRatef SchedSelldx ], and CpbCnt ave found in ov derived from synfax
elements found in the hrd _parameters( ) svutax structure and the

sub laver fird parameters{ } syntax structure applicable to any of the

operation points that the buffering period SEI message applies to.

Any two operation poinis that the buffering period SEI message applies to
having different OpTid values tdA and HdB indicates thar the values of
cpb_ont minusif tdA ] and cpb_cnt_minusl | B ] coded in the

a

fird _parameters{ } syntax structure(s) applicable to the two operation points

Ve
are identical,
Anv two aperation poinis that the buffering period SEI message applies to

having different OplLayerldSet vaiues layerldSetd and layeridSets indicates
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that the vaives of nal _hrd parameters present flog and

vel hrd parameters present flag, respectively, for the rwo
hrd parameters( ) svatax structures applicable to the two operation points
are identical.

g

The bitstream {or a part thereof) refers to the bitstream subser {or a part
thereof) associated with any of the operation points the buffering period SEI

message applies to.

fx

If NalHrdBpPresentFlag or VelHrdBpPresentFlag arve equal to 1, a buffering
period SEI message a,tﬂpiicabz’e to the specified operation points may be present
in any access unit in coded video sequence, and a buffering period SEV
message applicable to the specified operation points shall be present in each
RAF qecess unit, and in each access unit associated with a vecovery point SEI
message. Otherwise (NalHrdBpPreseniFlag and VelHrdBpPreseniFlag ave hoth
equal to 0), no access unit in the coded video sequence shall have a buffering

period SEI message applicable to the specified operation points.

MNOTE — For some applications, frequent presence of a buffering period SEI

message may he desirable.

When an SEI NAL unit that contains a buffering period SEI message and has
nuh_reserved zero 6bits equal to 0 is present, the SEI NAL unit shall precede,
in decoding order, the fivst VCL NAL unit in the access unit.

A buffering period is specified as the set of access units between two instances

of the buffering period SEI message consecutive in decoding order,

The variable CpbCnt is derived to be equal to cpb_cnt_minusi tld | + 1, where
cpb _cent minusif td ] is coded in the hrd parameters{ } syntax structure that is
applicable to any of the operation points that the buffering period SET message

applies to and that have OpTid equal to tld,



WO 2014/047183 PCT/US2013/060412

34

seqg_parameter_set id refers to the active sequence parameter set. The value of
seq parameter set id shall be equal 1o the value of seq_parameter_set_id inthe
picture parameter set referenced by the coded picture associated with the
buffering period SEI message. The value of seq_parameter set id shall be in the

range of O to 31, inclusive,

rap_cph_params present flag cqual to 1 specifics the presence of the
mitial_alt cpb removal delay] SchedSelldx ] and
mitial_alt cpb removal delay offset] SchedSelidx | syntax clements, When not
present, the value of alt cpb params present flag is inferred to be equal to 0.
When the associated picture 1s neither a CRA picture nor 3 BLA picture, the

value of alt ¢pb params present flag shall be equal to 0.

initial_ cpb_removal delay| SchedSelldx ] and
initial_alt epb removal_delay| SchedSellds | specify the default and the
alternarive witial CPB remooval delays, respectively, for the SchedSelldx-th
CPB. The syntax ¢lements have a length in bts given by

mmitial cpb removal delay length minusi + 1, and are i units of a 90 kHz
clock. The values of the syntax clements shall not be equal to 0 and shall be less
than or equal to 90000 * ( CpbSize| SchedSelidx |+ ButRate] SchedScldx 1),

the time-equivalent of the CPB size in 90 kHz clock units.

initial cpb_removal delay effset] SchedScHdx | and

initial alt cpb removal delay offset] SchedSelldx | specifv the defauit and
the alternative initial CPB removal offsets, respectively, for the SchedSelldx-th
CPR. The syntax elerents have a length in bits given by

initial_ cpb _removal delay length minusi + 1 and are in units of 2 90 kHz
ciock. These syntax clements are not used by decoders and may be needed only

for the delivery scheduler (HSS) specified in Annex C.

[8183] The buffering period SEI message may include HRD parameters {e.g.,
fnitial epb removal delay] SchedSelldx |,

mottial ¢pb removal delay offset] SchedSelldx
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jnitial alt opb removal delay| SchedSelldx Jand

fottial alt opb removal delay offset] SchedSelldx 1), As indicated above, HEVC
Working Draft 8 provides no way to associate a buffering period SEI message toa

hrd parameters{ } syntax structure in a VPS8 for which the associated
operation_point_ltayer ids{ ) syntax structure inchides multiple values of
nuh_reserved zero 6bits (i.e. multiple laver IDs in a multiview, 3DV or scalable video
coding extension of HEVC). Hence, in accordance with one or more techniques of this
disclosure, the applicable operation_points{ ) syntax element in the buffering period
SEI message specifies the operation points to which the butfering period SEI message
applics,

{3184} Section D.1.2 of HEVC Working Draft 8 mdicates the syntax of picture timing
SEI messages. In accordance with one or more technigues of this disclosure, the syntax
of the picture timing SEI message may be changed as shown in Table 7, below. The
changes to the picture timing SEI message syntax may enable picture timing SEI

messages to include applicable_operation_points{ ) syntax structures.

TABLE 7 Picture Timing SEI Message

pic_timing{ payloadSize } { Descriptor

applicable_operation_points( )

au_cph_removal_defay_minusi u{v)
pic_dpb_ouiput_delay uiv)
if{ sub_pic_cpb_params_present_flag )y §
num_decoding units_minust uel(v}
du_common_cph_removal_delay_flag ufl)

i du_common_cph _removal_delay flug }

dv_commaon_cpb_vemoval_delay _minusl ufv)

for{ {=0;1 <= num_decoding units_minusl; i++3 {

nurs_palus_in_do_minued|i] ue{v)
i ldu_common_cpb removal_delay flag )
du_cpb_removal_delay sidnusi[ 1] wv}

'

{31851 In adduion, the serantics of the picture timing SEI message may be changed as
follows. Semantics for those syntax clements of the pic timing{pavicadSize) syniax
J 2] 78]

structure not mentioned below may be the same as those in HEVC Working Draft 8.
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The picture timing SET message provides information of CPB removal delay and

DPB ouiput delay for the access unit associated with the SEI message.

The following applies for the picture timing SEI message synfax and semantics:

cpb _removal delay length minusl, dpb owpur delay length minusl, and
du_cpb _vemoval delay length minusl, and the variahle
CpbDpbDelaysPresentFlag are found in or devived from syntax elements
Jound in the hrd_paramerers{ ) syntax structure and the

sub laver hrd pavameters{ ) syntax structure applicable to any of the

operation poinis that the piciure timing SEI message applies to.

The bitstream (or a part thereof) vefers to the bitstream subset {or a part
thereof} associated with any of the operation poinis the picture timing SEI

message applies to.

NOTE 1 — The svmax of the picture timing SET message is dependent on the
content of the hird _parameters( } svntax structures applicable to the operation
points the picture timing SEI message applies to. These hrd _parameters( )
syniax structures ave in the video parameter set and/or the sequence
parameter set that ave active for the coded picture associated with the picture
timing SE{ message. When the picture timing SEI message is associated with
a CRA access unif that is the first access unit in the bitstream, an IDR gccess
unit, or @ BLA access unit, uniess it is preceded by a buffering period SEI
message within the same access unit, the activation of the video parameter set
and sequence parameter set (and, for IDR or BLA pictures that are not the
Sivst picture in the bitstream, the determination thai the coded picture is an
DR picture or a BLA picture) does not occur until the decoding of the first
coded siice NAL unit of the coded picture. Since the coded stice NAL unit of
the coded picture follows the picture timing SEI message in NAL unit order,
there may be cases in which it is necessary for a decoder to store the RSP

containing the picture timing SE{ message uniil determining the active video
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parameter set and/or the active seguence parameter set, and then perform the
parsing of the picture timing SEI message.
The presence of picture timing SEI message in the bitstream 1s specified as

follows.

— W CpbDpbDelaysPresentFlag is equal to 1, one pichure timing SEI message
applicable to the specified operation points shall be present in every access

unit of the coded video sequence.

~  Otherwise {CpbDpbDelaysPresentFlag is equal to 0), no picture timing SET
messages applicable to the specified operation points shall be present in any

access unit of the coded video sequence.

When an SEIT NAL uoit that contains a picture timing SEI message and has
nuh _reserved zero Obits cqual to O is present, the SEINAL unit shall precede,

in decoding order, the first VCL NAL unit in the access unit.

au_cphb_remeoval delay_minusl plus | specitics, when the HRD operates at
access unit level, how many clock ticks to wait after removal from the CPB of
the access unit associated with the most recent buffering period SEI message ina
preceding access unit before rermoving from the buffer the access unit data
associated with the picture timing SEI message. This vahue is also used to
calculate an carliest possible time of arrival of access anit data into the CPB for
the HSS. The syntax element s a fixed length code whose length 1o bits is given

by cpb_removal delay length minus! + 1.

NOTE 2 — The value of cpb_removal delay length wminust that determines
the length (in bits) of the syotax element au_cpb_removal delay minusi is
the value of cpb_removal delay length minusi coded in the video parameter
set or the sequence parameter set that is active for the coded picture
associated with the picture timing SEI message, although

au_coph removal delay roinus] plus 1 specities a number of clock ticks

relative to the removal time of the preceding access unit containing a
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buttering period SEI message, which may be an access unit of a different

coded video sequence.

pic_dpb_output delay is used to compute the DPB output time of the picture.
It specifies how many clock ticks to wait after removal of the last decoding unit
in an access unit from the CPR before the decoded picture is output from the

DPB.

NOTE 3 - A picture is not removed from the DPB at its output time when it
is still marked as "used for short-term veference” or "ased for long-term

n

reference”.

MNOTE 4 — Only one pic_dpb_output_delay 1s specified for a decoded picture.

The length of the syntax element pic_dpb output delay is given in bits by
dpb_output delay length minusl + 1. When

sps_max_dec pic_buffering] minTid ] is equal to 1, where minTid is the
minimum of the OpTid values of all operation points the picture timing SEL

message applies to, pic_dpb output_delay shall be equal to §.

The output time derived from the pic_dpb output_delay of any picture that is
output from an output timing conforming decoder shall precede the output time
dertved from the pic_dpb_output delay of all pictures in any subsequent coded

video sequence in decoding ovder.

The picture cutput order established by the values of this syntax element shall be

the same order as established by the values of PicOrderCutVal

For pictures that are not output by the "bumping” process because they precede,
in decoding order, an IDR or BLA picture with no_output_of prior pics flag

equal to 1 or inferred to be equal to 1, the output times derived from
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pic_dpb output delay shall be increasing with increasing value of

PicOrderCntVal relative to all pictures within the same coded video sequence.

du cemmen cpb remeval delay flag equal to 1 specifies that the syntax
clement do_common_cpb removal delay minust is present.
du_commoun_cpb_removal delay flag equal to O specifies that the syntax

element du_common _cpb removal delay minusi is not present.

du_commen_cpb_removal_delay_minusi plus | specifies how many sub-
picture clock ticks {see subclause E.2.1) to watt, before removal from the CPB
of each decoding unit in the access unit associated with the picture timing SEI
message, atter remaoval from the CPB of the previous decoding unit in decoding
order. This value is also used to calculate an carliest possible time of arrival of
decoding unit data into the CPB for the HSS, as specified in Annex €. The
syntax element is a fixed length code whose length in bits is given by

du_cpb_removal delay length minusl + 1.

[#186] As mmdicated above, HEVC Working Draft 8 provides no way to associate a
picture timing SEI message to a hrd parameters{ } syntax stracture in a VPS for which
the associated operation point_laver ids() syntax structure includes multiple values of
nuh reserved zero 6bits (e multiple layer 1Ds in a multiview, 3DV or scalable video
coding extension of HEVC). Hence, in accordance with one or more techniques of this

disclosure, the apphicable operation poins{ ) syntax element in the picture timing SEI
— E R &

=

essage specifies the operation points to which the buffering period SEf message
applies.

{8187} Furthermore, in accordance with one or more techniques of this disclosure, the
syntax of the sub-picture timing SEI message roay be changed as shown in Table §,
below. The changes to the sub-picture timing SEI message syntax may coable sub-
picture timing SEI messages to include applicable operation points{ } syntax structures.
In HEVC Working Draft &, sub-picture timing SEI message do not include the

applicable operation_points( ) syntax structure.
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TABLE 8 - Sub-Picture Timing SEI Message
sub_pic_timing{ payloadSize ) { Bescripter
applicable_operation_poinisi }
du_sp_cpb_remeoval _delay i/ u{v}
}

(8188} Section D.2.2.2 of HEVC Working Draft 8 describes the semantics of sub-

picture timing SEI messages. In accovdance with one or more technigues of this

disclosure, section 0.2.2.2 of HEVC Working Draft 8 may be modified as follows:

The sub-picture timing SEI message provides CPB removal delay information

for the decoding unit associated with the SEf message.

The following applies jor the sub-picture timing SET message syntax and

SEMUNICs:

The syntax elements sub_pic_cpb params _present flag and
cph removal delay lengrh minusi, and the variable

CpbDpbDelaysPresentFiag are found in or derived from svutax elements

Jound in the hrd _porameters{ ) svatax structure and the

sub_laver hrd parameters( ) syntax structure applicable to any of the
aperation points that the sub-picture timing SEI message applies to.

The bitstream {or a part thereof) vefers 1o the bitstream subset {or a part
thereof) associated with any of the operation points the sub-picture timing

SET message applies to.

The presence of the sub-picture timing SET roessage in the bitstream 1s specified

as follows.

If CpbDpbDelaysPresentFlag is equal to T and
sub pic_cpb params present flag is equal 1o 1, one sub-picture timing SEI
message applicable to the specified operation points may be present in cach

decoding umit in the coded video sequence.
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—  Otherwise (CpbDpbDelaysPresentFlag is equal to § or
sub pic cpb params present flag is equal 10 8}, no sub-pictare timing SEI
messages applicable to the specified operation points shall be present in the

coded video sequence.

The decoding unit associated with a sub-picture timing SET message consists, in
decoding order, of the SEI NAL unit containing the sub-picture timing SEI
message, followed by one or more NAL units that do not contain a sub-picture
tirning SEI message, including all subseqgueont NAL units in the access unit up to
but not including any subsequent SEI NAL unit containing a sub-picture timing
SEI message. There shall be at least one VCL NAL unit in each decoding unit.
All non-VCL NAL units associated with a VCL NAL unit shall be included in

the same decoding unit.

du_spt_cpb _removal_delay_minust phisi specifies how many sub-picture
clock ticks to wait after rernoval frora the CPB of the fast decoding unit in the
access unit associated with the most recent buffering period SEI message ina
preceding access unit before removing from the CPB the decoding unit
associated with the sub-picture timing SEI message. This value 15 also used to
calculate an carliest possible time of arrival of decoding unit data into the CPB
for the HSS, as specified in Annex C. The syntax cloement is represented by a
fixed length code whose length in bits is given by

cpb_removal delay length minust + 1,

NOTE - The value of cpb_removal delay length minusi that determines the
tength (in bits) of the syntax element du_spt_cpb _removal delay minust is
the value of ¢cpb_removal delay length rotnusi coded in the video parameter
set or the sequence parametor set that is active for the access unit containing
the decoding unit associated with the sub-picture timing SEI message,
although da_spt cpb removal delay minust plus 1 specifies a number of
sub-picture clock ticks relative to the removal time of the Jast decoding unit
in the preceding access unit containing a buffering period SEI message,

which may be an access unit of a different coded video sequence.
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{6189 Scction £.2.2 of HEVC Working Draft 8 describes HRID parameter semantics,
In accordance with one or more techniques of this disclosure, section E.2.2 of HEVC
Working Draft 8 may be changed as follows. Semantics for those syntax elements of
HRD parameters not mentioned below may be the same as those in HEVC Working

Draft 8.

The hrd _pavameters( } syntax structure provides HRD parameters used in the
HRD operations. When the hrd _pavameters( ) syntax structure is included in a
video parameter set, the set of number of nuh_reserved zero 6hits values
included in the OpLaveridSet of the operation poinis to which the syntax
structure applies is either specified by the corvesponding
operation_point layer ids( } syatax structure in the video parameter set or
implicitly derived, as specified in subclause 7.4.4. When the avd _parameters( )
syntax structure is included in a sequence parameter set, the applicable
aperation poinis are all the operation points with OpLaveridSer containing only
the vaiue (. Alternatively, when the hrd _parameiers{ ) syntax structure is
included in a sequence parameter set, the applicable operation points are all the

operation points with OplayerldSet identical 1o TargeiDeclLayeridset.

it is a requirement of bitstream conformance that for all the hrd parameters( )

syntax structure in the coded video sequence (either in the video parameter set

or the sequence parameter set), there shall not be more than one of them that

applies to the same operation point. Alternatively, it is required thai there shal

not be more than one hrd _parameters{ } syniax structure in g video parameter

set thar applies to the same operation point. Alternatively, it is required that a
77 -

video parameter set shall not include a hrd _parameters( ) syntax structuve that

applies to operation points with OplaverfdSet containing only the value 0.

du _epb removal delay length minus? plus 1 specifies the length, in bits, of
the du_cpb _removal delay minusi]i | and
du_common cpb removal delay minusi syntax elements of the picture timing

SEI message.
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epb_removal_delay lengih minusi plus 1 specifies the length, in bits, of the
au_cpb _removal delay munus syntax element in the picture timing SEL
picture timing SE{ message. When the cpb _removal delay length minusi
syntax clement is not present, it is inferred to be equal to 23,
dpb_output_delay_length_minusl plus | specifies the length, in bits, of the
pic_dpb output delay syntax element in the picture timing SEI message. When
the dpb_output_delay length minus! syntax element is not present, it is inferred
to be equal to 23,
fixed pic_rate flag] 1 | cqual to 1 indicates that, when TargetDecHighestTid is
equal to 1, the temporal distance between the HRD output times of any two
consecutive pictares in ouiput order is constrained as follows.
fixed pic rate flag[ 1 ] equal to O mdicates that no such constraints apply to the
temporal distance betwoen the HRD output times of any two consecutive
pictures n output order.
When fixed pic_rate flag[ 1 }is not present, it is inferred to be equal to 0.
When TargetDecHighestTid is equal to t and fixed pic rate flagl 1} is equal to
i for a coded video sequence containing picture n, the value computed for
Al apl 0 ) as specified in Equation C-17 shall be equal to
t.* ( pic_duration in tcs minusif i ]+ 1), wherein t. is as specified in Equation
C-1 (using the value of't, for the coded video sequence containing picture n)
when one or more of the following conditions are true for the following picture
nn that is specified for use in Equation C-17:
picture nn is in the same coded video sequence as picture o
— picture nn is in a different coded video sequence and fixed pic_rate flagl 1]
is equal to 1 in the coded video sequence containing picture nn, the value of
num units in tick = time_scale is the same for both coded video sequences,
and the value of pic_duration_in_tc minusl{ i] is the same for both coded
video sequences.
pic_duration_in_tc minusl| i | plus | specifies, when TargetDecHighestTid is
equal to 1, the temporal distance, in clock ticks, between the HRD output times

of any two consecutive pictures m outpot order in the coded video sequence. The
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vahie of pic_duoration_in_tc minusi{ i | shall be in the range of § to 2047,
melusive.

low_delay _hrd flagi i ] specifies the HRD operational mode, when
TargetDecHighesiTid 1s equal to 1, as specified in Annex €. When

fixed pic rate flag[1]isequalto 1, low delay hrd flagl 1] shall be equal to 0.

NOTE 3 ~ When low_delay hrd flagi 1] is equal to 1, "big pictures” that
violate the npominal CPB removal times due to the number of bits used by an
access unit are permitied. It is expected, but not required, that such "big

pictures” occur only occasionally.

cpb ont minasi] 1 ] plus § specifies the nmumber of alternative CPB
specifications in the bitstrearn of the coded video sequence when
TargetDecHighestTid is equal to 1. The value of opb_cnt minusi] i | shallbe in
the range of 0 to 31, inclusive. When low delay hrd flag] i ]is equalto 1,
cpb_cnt smunusi{ 1 ] shall be equal to 0. When epb_cnt minusi{i ] is not

presend, it s inferved to be equal to 0.

(3198} As described clsewhere in this disclosure, 1n HEVC Working Draft 8, only the
hrd parameters( ) syntax structures in a VPS8 may be selected for HRID operations while
hrd parameters( } syntax structures in an SPS are never selected. The changes shown
above to the semantics of hrd parameters( ) syntax structure clarify that when the

hrd parameters( ) syntax structure is included in a SPS, the operation points to which
the brd parameters{ ) syntax structure is applicable roay be all operation points with
OpLlayerldSet identical to TargetDecLayeridSet. As indicated above in the modified
general decoding process, it an external means is available to set TargetDecLayeridSet,
TargetDecLayeridSet raay be specified by an external means. Otherwise, i the
decoding process is invoked in a bitstream conformance test, TargetDecLayeridSet may
be the set of Iaver identifiers of an operation point under test. Otherwise,
TargetDecLayerldSet may contain only one layer identifier (1.¢., only one value of
ruh_reserved zero 6bits), which is equal t0 0. To one example, the external means may

bie an API that is part of a terminal implementation and that provides a function to set
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the value of TargetDecLayerTdSet. Tn this example, the terminal implementation may
comprise a decoder roplementation and certain functions that are not parts of the
decoder implementation.

[#191] In this way, a device {such as video encoder 20, video decoder 30, additional
device 21, or another device) may select, from among a set of HRD parameters ina
video parameter set and a set of HRD parameters in a 8PS, a set of HRD parameters
applicable to a particular operation point. In addition, the device may perform, based at
least in part on the set of HRD parameters applicable to the particular operation point, a
bitstream conformance test that tests whether a bitstream subset associated with the
particular operation point conforms to a video coding standard.

{31921 As mndicated in above, section E.2.2 of HEVC Working Draft & may be modified
to indicate that when the hrd _parameters( ) syntax structure is included in a sequence
parameter set, the applicable operation ponts are all the operation points with
OpLayerldSet identical to TargetDecLayeridSet. Furthermore, as described above,
TargetDecLayerldSet is set to targetOpLayerldSet, which contains the set of values of
ruh reserved zero Obits present in the bitstrearn subset associated with TargetOp.
TargetOp is the operation point under test in a HRD operation. Furthermore, the HRD
operations {e.g., a bitstream conformance test and a decoder conformance test) may
mvoke the general decoding process.

(8193} As explained above, section 8.1 of HEVC Working Draft § roay be modified to
provide that the sub-bitstream extraction process as specified in subclause 10.1 is
applied with TargetDecHighestTid and TargetDecLayerldSet as inputs and the output is
assigned to a bitstream referred to as BitstrearnToDecode. Hence, the only values of
nuh reserved zero Obits present in the BitstreamToDecode are the values of

nuh reserved zero Obits in TestDecLayerldSet {i.e., the set of values of
nuh_reserved zero 6bits present in the bitstream subset associated with TargetOp).
Section 8.1 further explains that when interpreting the sernantics of cach syuotax elerent
in each NAL unit and “the bitstream” or part thereof (2.2, 2 coded video sequence) is
involved, the bitstream or part thereof means BitstreamToDecode or part thereof.
81941 Hence, when interpreting the section describing the semantics of HRD
parameters (e.g., section £.2.2 of HEVC Working Draft 8), the term “coded video
sequence” means a part of the BitstreamTobDecode. TargetDecLayerldSet is equivalent

to the set of all the values of nuh_reserved zero 6bits present in the
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BitstreamToDecode. Tt follows that the phrase in the section describing the semantics
of HRD parameters “when the hrd_parameters( ) syutax structure is included ina
sequence parameter set, the applicable operation points are all the operation points with
OplayerldSet identical to TargetDecLayerldSet” is equivalent to “when the

brd parameters{ } syntax structure 1s included in a sequence parameter set, the
applicable operation points are all the operation points with OplayeridSet identical to
the set of values of nuh reserved zero Obits present in the BitstreamToDecode.”
[6195] Because 2 “coded video seguence” is a part of the BitstreamTolecode, the set of
ruh_reserved zero Obits present in the coded video sequence 1s 4 subset of the set of
nuh reserved zero Obits present in the BitstreamToDecode. Hence, the phrase “when
the hrd parameters( ) syntax structure is inchuded in a sequence parameter set, the
applicable operation points are all the operation points with OpLayerldSet identical to
the set of values of nuh_reserved zero 6bits present in the BitstreamToDecode”
necessarily entails “when the hrd parameters{ ) syntax structure is included in a
sequence parameter set, the applicable operation points are all the operation points with
OplayeridSet containing all values of nuh_rescrved _zero 6bits present in the coded
video sequence.” In other words, if the set of nuh reserved zero 6bits of an operation
point is identical to the set of nuh reserved zero 6bits present in the
BitstreamnToDecode, then the set of nuh_reserved zero 6bits of the operation point
necessarily contains all nuh_reserved zero 6bits values present in a coded video
sequence of the BitstreamToDecode. In this phrase, “the coded video sequence” may
refer to a coded video sequence associated with the particular SPS.

(61961 When performing a HRD operation, the device may determine, from among the
hrd pararacters() symtax structures indicated in g VIS and a hrd parameters(} syntax
structure indicated in 3 SPS, a hrd parameters() syntax structure applicable to TargetOp.
A particular hrd parameters() syntax structare in the VPS is applicable to TargetOp if
the layer id set of TargetOp matches a st of laver identifiers specified in the VPS for
the particular hrd _parameters() syntax structure, The hrd parameters{) syntax structure
in the SPS may be apphcable to TargetOp if the layer id set of TargetOp (1.2,
TargetDecHighestTid) (1.e., the set of nub_reserved zero 6bits present in
RitstreamToDecode) contains all nuh_reserved zero 6bits present in the coded video
sequence of the SPS (which is a subset of the set of muh_reserved zero Obits in

BitstreamnToDecode). Because the set of noh_reserved zero 6bits of TargetOp may
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necessarity contain all nub_reserved zero 6bits values present n the coded video
sequence associated with the SPS, the brd parameters() syntax structure in the SPS may
always be applicable to TargetOp. However, not all SPS’s have hrd parameters()
syntax structures, If a SPS does have an hed parameters() syntax structare and the set
of mib_reserved zero Obits present in BitstreamToDecode contains all
nuh_reserved zero 6bits present in the coded video sequence of the SPS, then the

hrd parameters() syntax structure of the SPS should be used. Because not all SPS’s
have hrd parameters(} syntax stractures, the VPS may still be selected.

{3197} Furthermore, as shown above in moedifications to section F.2.2 of HEVC
Working Draft 8, when a device performs a bitstream conformance test, the video
decoder may determine that the bitstream does not conform to the video coding standard
when, for all sets of HRID parameters in a coded video sequence, more than one set of
HRD parameters applies to the same operation point. In addition, when the device
performs a bitstream conformance test, the video decoder may determine that the
bitstream does not conform to the video coding standard when more than one set of
HRD parameters in the VPS applies to the same operation point. Furtherroore, when the
device pertforms the bitstream decoding test, the device may determine that the bitstream
does not conform to the video coding standard when the VPS includes a set of HRD
parameters that applies to operation points having layer id sets containing only the vahie
0.

{8198} FIG. 3 is a block diagram illustrating an cxample video decoder 30 that is
configured to implement the techniques of this disclosure. FIG. 3 is provided for
purposes of explanation and s not limiting on 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.

{8199} In the example of FIG. 3, video decoder 30 inchudes an entropy decoding unit
150, a prediction processing unit 152, an inverse quantization unit 154, an inverse
transform processing unit 1536, a reconstruction unit 158, a filter umit 160, and a decoded
picture buffer 162, Prediction processing unit 152 inchides a motion compensation unit
164 and an intra-prediction processing unit 166, In other exaraples, video decoder 30

may include more, fewer, or different functional components,



WO 2014/047183 PCT/US2013/060412

9%

[8280] A coded picture buffer (CPB) 151 may receive and store encoded video data
{e.g., NAL units) of a hitstream. Entropy decoding unit 150 roay receive NAL units
from CPR 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 anit 154, mnverse transform
processing unit 156, reconstruction unitt 158, and filier unit 160 roay generate decoded
video data based on the syntax elernents extracted from the bitstream.

[6281] The NAL units of the bitstream may inchude coded slice NAL units. 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 slices may include
a slice header and slice data. The slice header may contain syntax elements pertaining
to a slice. The syutax elements in the slice header may include a syntax element that
wdentifics a PPS associated with a picture that coutains the shce,

8202} In addition to decoding syntax elements 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
reconstruction operation on each TU of the CU. By performing the reconstruction
operation for each TU of the CU, video decoder 30 may reconstruct residual blocks of
the CUL

(8203} As part of performing a reconstruction operation on a TU ofa CU, mverse
quantization unit 154 may inverse guantize, i.e., de-quantize, cocfficient blocks
associated with the TU. Inverse quantization unit 154 may use a QF value assoctated
with the CU of the TU to deternunc a degree of quantization and, hikewise, a degree of
inverse quantization for inverse quantization unit 154 to apply. That is, the compression
ratio, i.e., the ratio of the number of bits used to represent original sequence and the
compressed one, may be controlled by adjusting the value of the QP used when
quantizing trarnsform coetlicients. The compression ratio roay also depend on the
method of entropy coding emploved.

[8204] After inverse quantization unit 154 inverse quantizes a coetficient block, mverse
transtorm 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

wnteger transform, an inverse Karhonen-Loeve transtorm (KLT), an inverse rotational
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transform, an inverse directional transform, or another inverse transform to the
coefficient block,

132051 1fa PU is 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 hima,
Ch and Cr blocks for the PU based on the prediction blocks of spatiallv-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.

(82061 Prediction processing unit 152 may construct a first reference picture Hst
{RetPicListd) and a second reference picture list (RefPiclist]) based on syntax clements
extracted from the bitstream. Furthermore, if a PU is encoded using inter prediction,
entropy decoding unit 150 may extract motion information for the PUL Motion
compensation unit 164 may determine, based 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
fuma, Cb and Cr blocks for the PUL

132071 Reconstruction unit 158 may use the luma, Cb and Cr transform blocks
associated with TUs of a CU and the predictive luma, Cb and Cr blocks of the PUs of
the CU, i.e., either intra-prediction data or inter-prediction data, as applicable, to
reconstruct the luma, Ch and Cr coding blocks of the CU. For exaraple, reconstruction
unit 158 may add samples of the luma, Ch and Cr transform blocks to corresponding
samples of the predictive fuma, Cb and Cr blocks to reconstruct the luma, Ch and Cr
coding blocks of the CUL

(62081 Filter 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 huma, Ch 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. In this way, video decoder 30 may decode, from the
bitstream, transtorm coefficient levels of the significant fuma coefficient block, tnverse

quantize the transform coefficient levels, apply a transform to the transform coefficient
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levels to generate a transform block, generate, based at least in part on the transform
block, a coding block, and output the coding block for display.

(82091 FIG. 4 is a flowchart iHlustrating an example operation 200 of a device, in
accordance with one or more techniques of this disciosure. Operation 200 may be
performed by video encoder 20, video decoder 30, additional device 21, or another
device. As illustrated in the example of FIG. 4, the device may select, from aroong a set
of Hypothetical HRD parameters {¢.g., hrd paramcters syntax structures) in a VPS and
a set of HRIY parameters in a 3PS, a set of HRD parameters applicable to a particolar
operation point of a bitsirearm (202). In addition, the device may perform, based at least
in part on the set of HRI parameters applicable to the particular operation point, an
HRE operation on a bitstream subset assoctated with the particular operation point
(204). For example, the device may perform a bitstream conformance test or a decoder
conformance test.

(8218} FIG. 5 is a flowchart illustrating an example operation 250 of a device, in
accordance with one or more techniques of this disclosure. Operation 200 may be
performed by video euncoder 20, video decoder 30, additional device 21, or another
device. As illustrated in the example of FIG. 5, the device may perform a bitstream
conformance test that determines whether a bitstream conforms to a video coding
standard (252). The device may perform a decoding process as part of performing a
bitstrearn conformance fost (254),

10211} As illustrated in the example of FIG. 5, when performing the decoding process,
the device may perform a bitstream extraction process to extract, from the biistream, an
operation point representation of an operation point defined by a target set of layer
identifiers and g target highest temporal identifier (256). The target set of layer
identifiers may contain values of layer identifier syntax elements present in the
operation point representation. The target set of layer identifiers may be a subset of
values of layer wdentifier syntax elements of the bitstream. The target highest temporal
identifier may be equal to a greatest temporal identificr present in the operation point
representation, the target ighest temporal identifier being less than or equal to a
greatest temporal identifier present in the bitstream. Furthermore, the device may
decode NAL uunits of the operation point representation (258).

{3212} FIG. 6 is a flowchart ithustrating an example HRD operation 300 of a device, in

accordance with one or more techniques of this disclosure. HRID operation 300 may be



WO 2014/047183 PCT/US2013/060412

101

performed by video encoder 20, video decoder 30, additional device 21, or another
device. Other devices may include a conformance bitstream checker that takes a
bitstream as input, and outputs an indication of whether the tnput bitstream is g
conforming bitstream or not. In some examples, HRD operation 300 may determine
conformance of a bitstream to 3 video coding standard. In other examples, HRD
operation 300 may determine conformance of a decoder to a video coding standard. As
part of performing HRD operation 300, the device may determine a highest temporal
identifier of a bitstrears-subset associated with a selected operation point of a bitstream
{302). In addition, the device may determine, based on the highest teraporal identifier, a

particular syntax element from among an array of syntax elements (e.g.,

sps_max num reorder picsfi, sps max dec pic bufferingii], and cpb_cnt minusifi])
{304). The device may use the particular syntax element in the HRD operation (306}
8213} In one or roore examples, the functions described may be roplemented in
hardware, software, firmware, or any combination thereof. 1f implemented in software,
the functions may be stored on or transmitted over, as one or more instructions or code,
a computer-readable medium and executed by 4 hardware-based processing unit,
Coraputer-readable media may include computer-readable storage media, which
corresponds to a tangible mediim such as data storage media, or communication media
inclading any medium that facilitates transfer of a computer program from one place to
another, e.g., according o a coramumication protocol. In this manuner, computer-
readable media goenerally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {2) 8 communication medium such as a signal or
carricr wave. Data storage media may be any available roedia that can be accessed by
ORC OF MOre computers of One OF MOTe Processors to refrieve instructions, code and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may include 8 computer-readable medium,

8214} 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 to store desired program code in the form of instructions or data structures
aund that can be accessed by a computer. Also, any connection s properly termed a
computer-readable medium. For example, if instructions are transmitted froma

website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
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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
echnologies such as infrared, radio, and microwave are included in the definition of
mediom. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transient
media, but are instead directed to non-transient, tangible storage roedia. Disk and dise,
as used hercin, includes compact disc {CD), laser disc, optical disc, digital versatiie disc
(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
bie included within the scope of computer-readable media.
[8215] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circunits (ASICs), field programynable logic arrays (FPGAs), or other
equivalent intograted or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
mmplementation of the technigues described hercin. 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.
18216} The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) ora 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, varions units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, inchuding one or more
processors as described above, in conjunction with suitable software and/or firmware.
8217} Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED IS:
L. A method of processing video data, the method comprising:

selecting, from among a set of Hypothetical Reference Decoder (HRD)
parameters in a video parameter set (VPS) and a set of HRD parameters in a sequence
parameter set (SPS), a set of HRD parameters applicable to a particular operation point
of a bitstream; and

performing, based at least in part on the selected set of HRD parameters
applicable to the particular operation point, an HRD operation on a bitstream subset

associated with the particular operation point.

2. The method of claim 1, wherein selecting the set of HRD parameters apphicable
to the particular operation point comprises deteroining that the set of HRD pararocters
in the SP'S is applicable to the particular operation point when a layer identifier set of
the particular operation point contains a set of all layer identifiers present n the

bitstream subset.

3. The method of claim 1, wherein the set of HRD parameters applicable to the
particular operation point includes parameters that specify an initial coding picture
butfer (CPB) removal delay, a CPB size, a bt rate, an jnitial decoded picture buffer

(DPB) output delay, and a DPB size.

4. The method of claim 1, further comprising:

determining a target layer wdentifier set of the particular operation point that
contains each layer identifier present in the bitstream subset, wherein the target layer
identifier set of the particular operation point is & subset of layer identifiers present in
the bitstream, and

determining a target termporal identifier of the particular operation point that is
equal to a greatest temporal 1dentifier present in the bitstream subset, wherein the target
temporal identifier of the particular operation point is less than or equal to the greatest

temporal identifier present in the bitstrearn.
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5. The method of claim 4, wherein selecting the set of HRD parameters comprises
selecting the set of HRD parameters in the SPS in response to determuning that the

target layer identifier set of the particular operation point contains only the value 0.

6. The method of claim 4, wherein selecting the set of HRD parameters comprises
selecting the sot of HRD parareters in the 3PS in response to deterroining that a setof
layer identificrs specified in the SPS is identical to the target layer identifier set of the
particular operation point.

7. The method of claim 1, wherein performing the HRD operation comprises
performing a bitstream conformance test that determines whether the bitstream

conforms to & video coding standard.

8. The method of claim 7, wherein performing the bitstream conformance test
comprises determining that the bitstream does not conform to the video coding standard
when, for all sets of HRD parameters in a coded video sequence, roore than one set of
HRE parameters applics to the same operation point.

9. The method of claim 7, wherein performing the bitstream conformance test
comprises determining that the bitstrearn does not conform to the video coding standard
when more than one set of HRD parameters in the VPS applies to the same operation

point.

10. The method of claim 7, wherein performing the bitstream conformance test
comprises determining that the bitstream does not conform to the video coding standard
when the VPS includes a set of HRD parameters that applies to operation points having

layer wdentifier sets containing only the value 0.
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I A device comprising one or more processors configared to:
in a video parameter set {VPS) and a set of HRD parameters in a sequence parameter set
(SPS), a set of HRD parameters applicable to a particular operation point of a bitstream;
and

perform, based at least in part on the selected set of HRD parameters applicable
to the particular operation point, an HRD operation on a bitstream subset associated

with the particalar operation point.

12. The device of claim 11, where the one or more processors are configured to
determine that the set of HRD parameters in the SPS is applicable to the particular
operation point when a layer identifier set of the particular operation point contains a set

of all layer wdeuntifiers prosent in the bitstream subset.

13, The device of claim 11, wherein the set of HRD parameters applicable to the
particular operation point include parameters that specify an initial coding picture butfer
{(CPR) removal delay, a CPB size,  bit rate, an initial decoded picture buffer (BPR)

guiput delay, and a DPB size.

4. The device of claim 11, wherein the one or more processors are configured to:

determine a target layer identifier set of the particular operation point that
contains each layer identifier present in the bitstream subset, wherein the target layer
identifier set of the particular operation point 18 a subset of layer wdentifiers present in
the bitstream, and

determine a target temporal identifier of the particular operation point that is
equal to a greatest temporal identifier present in the bitstream subset, wherein the target
temporal identifier of the particular operation point is less than or equal to the greatest

termporal identifier present in the bitstream.

IS, The device of claim 14, wherein the one or more processors are configured to
select the set of HRD pararneters 1o the SPS 1o response to deterraining that the target

tayer identifier set of the particelar operation point contains only the value 0.
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16. The device of claim 14, wherein the one or more processors are configured to
select the set of HRD pararneters in the SPS in response to deterrainiog that a set of
tayer identifiers specified in the SPS 15 identical to the target laver identifier set of the

particular operation point.

17.  The device of claim 11, wherein the one or more processors are contigured to
perform a bitstream conformance test that determines whether the bitstream conforms to

a video coding standard.

18.  The device of claim 17, wherein the one or more processors are configured to
determine that the bitstream does not conform to the video coding standard when, for ali
sets of HRD parameters in a coded video sequence, more than one set of HRD

parameters applics o the same operation point.

19, The device of claim 17, wherein the one or more processors are configured to
determine that the bitstream does not conform to the video coding standard when more

than one set of HRI parameters in the VPS applics to the same operation point.

20, The device of claim 17, wherein the one or more processors are configured to
determine that the bitstream does not conform to the video coding standard when the
VPS includes a set of HRD paramcters that applics to operation points having layer

identifier sets containing only the value 0.

21. A device comprising:

means for selecting, from among a set of Hypothetical Reference Decoder
(HRIY) parameters in a video parameter set {(VPS) and a set of HRD parameters in a
sequence parameter set (SPR), a set of HRD parameters applicable to a particular
operation point of a bitstream; and

means for performing, based at least in part on the selected set of HRD
parameters applicable to the particular operation point, an HRD operation on a bitstream

subset associated with the particular operation point,
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22, The device of claim 21, comprising means for determuining that the set of HRD
parameters in the SPS is applicable to the particular operation point when a layer
identifier set of the particular operation point contains a set of all layer identifiers

present in the bitstream subset.

23, The device of claim 21, further comprising:

means for determining a target layer identificr set of the particular operation
point that contains each layer ideutifier present in the bitstream subset, wherein the
target layer identificr set of the particular operation point is a subset of layer identifiers
present in the bitstream;

means for determining a target temporal identifier of the particular operation
point that 15 equal to a greatest temporal identifier present in the bitstream subset,
wherein the target temporal identifier of the particular operation point is less than or
equal to the greatest temporal identifier present in the bitstream; and

means for selecting the set of HRD parameters in the SPS in response to
determining that a set of layer identificrs specified in the SPS is identical to the targe

tayer identifier set of the particular operation point.

24, A computer-readable data storage medium having instructions stored thereon
that, when executed by one or more processors of a device, configure the device to:

select, from among a set of Hypothetical Reference Decoder (HRD) parameters
in a video parameter set (VPS) and a set of HRD parameters in 8 sequence parameter set
(SPS), a set of HRD parameters applicable to a particular operation point of a bitstream;
and

perform, based at least in part on the selected set of HRD parameters applicable
to the particular operation point, an HRD operation on a bitstream subset associated

with the particular operation point.

25, The computer-readable data storage medium of claim 24, wherein the
mstructions further configure the device to determine that the set of HRD parameters in
the SPS 1s applicable to the particular operation point when a layer wlentifier set of the
particular operation point contains a set of all layer identifiers present in the bitstream

subset.
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26, The computer-readable data storage medium of claim 24, wherein the
instructions configure the device to:

determine a target layer identifier set of the particular operation point that
contains each layer identifier present in the bitstream subset, wherein the target layer
wdentifier set of the particular operation point is a subset of layer identifiers present in
the bitstream;

determine a target ternporal identifier of the particelar operation point that s
equal to a greatest tomporal identifier present o the bitstrearn subscet, wherein the target
termporal identifier of the particular operation point is fess than or equal to the greatest
temporal identifier present in the bitstream; and

select the set of HRD parameters in the VPS in response to determining that a set
of layer identifiers specified in the VPS is deuntical to the target layer identifier set of

the particular operation point.



