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uration for layers of the multi-layer bitstream. The method also includes decoding the multi-layer bitstream in accordance with the
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INDICATION OF PARALLEL PROCESSING INVIBEQ COBING

{68081} This apphication claims the benefit of U.S. Provisional Application No.
61/890,763, filed October 14, 2013, the entire contents of which are incorporated by

reference herein.

TECHNICAL FIELD
18662} This disclosure relates to video coding, and more particularly to techniques for

paraliel processing in video coding.

BACKGROUND

{8083} Digital video capabilities can be mcorporated inte a wide range of devices,
mclading digital televisions, digital direct broadcast systems, wireless broadeast
systems, personal digital assistants (PDAs), laptop or deskiop computers, tablet
computers, e-hbook readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Digual video devices implement video compression techunigues,
such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263,
ITU-T H.264/MPEG-4, Part 1(}, Advanced Video Coding (AVC), the High Efficiency
Video Coding (HEVC) standard presently under development, and extensions of such
standards. The video devices may transmit, receive, encode, decode, and/or store digital
video information more efficiently by implementing such video compression
techniques.

(8064} Video compression techniques perform spatial (intra-picture) prediction and/or
temporal (inter-picture) prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video slice (i.¢., a video frame or a portion
of a video frame) may be partitioned into video blocks, which may also be referred to as
CTBs, CUs, and/or coding nedes. Video blocks i an fntra-coded (1} shice of a picture
are encoded using spatial prediction with respect to reference samples in neighboring
blocks n the same picture. Video blocks in an inter-coded (P or B) slice of a picture
may usc spatial prediction with respect to reference samples in neighboring blocks in

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

{8065} Spatial or temporal prediction results in a predictive block for a block to be
coded. Residual data represents pixel differences between the original block to be
coded and the predictive block. Aninter-coded block is encoded accordmg to a motion
vector that points to a block of reference samples forming the predictive block, and the
residual data indicating the difference between the coded block and the predictive block.
An ntra-coded block is encoded according to an infra-coding rode and the residual
data. For turther compression, the residual data may be transformed from the pixel
domain to a transform domain, resulting in residual transform coefficients, which then
may be quantized. The quantized transform coefficients, initially arranged in a two-
dimensional array, may be scamned in order to produce a one-dimensional vector of
transform coefficients, and entropy coding may be applied to achieve even more

COMPICSSIOn.

SUMMARY

18066} In general, this disclosure describes techmiques for paraliel processing of video
coding. For example, this disclosure describes techniques for parallel processing in
multi-layer video coding processes, including multi-layer extensions of the High
Efficiency Video Coding (HEVC) standard. The techniques of this disclosure include
providing an carly indication of use or availability of parallel processing tools (e.g., at a
video parameter set (VPS) level) for a video coding process.

186671 In an cxample, a method of decoding video data inclhudes decoding, from a video
parameter sct (VPS) of 2 multi-layer bitstream, data that jndicates at least one of a tile
configuration for lavers of the multi-layer bitstream or a parallel processing
configuration for lavers of the multi-layer bitstream, and decoding the multi-layer
bitsiream in accordance with the data decoded from the VPS.

{8088} In another exanpie, a method of encoding video data includes encoding, ing
video parameter set (VPS) of a multi-layer bitstream, data that indicates at least one of a
tile configuration for layers of the multi-layer bitstream or a parallel processing
configuration for layers of the multi-layer bitstream, snd encoding the multi-layer

bitstream including encoding the VPS of the nuilti-layer bitstream.
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(98]

160459] In another exarople, an apparatus that processes video data includes a memory
storing multi-layer video data, and 8 video coder configured to process data that
indicates at least one of a tile configuration for layers of the multi-layer video data or a
paralic processing contiguration for layers of the multi-laver video data, wherein the
data is associated with a video parameter set {VPS) of a bitstream that inchudes the
multi-layer video data, and process the multi-layer video data in accordance with the
data of the VPS.

16018} In another cxampie, an apparatus that performs video data includes means for
processing data that indicates at least one of a tile configuration for layers of the multi-
layer bitstream or a parallel processing configuration for layers of the multi-layer
bitstream, wherein the data is asseciated with a video parameter set (VPS) of the multi-
layer bitstream, and means for processing the multi-layer bitstream in accordance with
the data of the VPS.

18811} In another example, a non-transitory computer-readable storage meodium has
instructions stored thereon that, when executed, cause one or MOTe ProCessors 1o process
data that indicates at least one of a tile configuration for layers of the multi-layer
bitstream or a parallel processing configuration for layers of the multi-laver bitstream,
wherein the data is associated with a video parameter set (VPS) of the multi-layer
bitstream, and process the nuilti-layer bitstream in accordance with the data of the VPS,
{8812} The details of gne or more examples of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the disclosure will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF DRAWINGS

16013} FIG. 1 1s a block diagram illusirating an example video encoding and decoding
system that may utilize the techniques described in this disclosure.

[8014] FIG. 2 1s a block diagram ilhustrating an example video encoder that may
implement the techuniques described in this disclosure.

(8015} FIQG. 3 is a block diagram illustrating an cxample video decoder that may
mplement the techniques described in this disclosure.

(8816} FIG. 4A is conceptual diagram illustrating an example of synchronization points

for wavefront parallel processing.
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16617} FIG. 48 is conceptual diagram illustrating another example of synchronization
points for wavefront paraliel processing.

(8618} FIG. 5 is a conceptual diagram illustrating example synchronization poinds for
paraliel processing of video block rows.

(68019} FIG. 6 18 a conceptoal diagram llustrating example tiles 1 accordance with the
HEV{ standard.

16628} FIG. 7 is a conceptual diagram illustrating an example Multi-view Video Coding
(MV ) prediction patiern.

16621} FIG. 8 is a conceptual diagram illustrating various scalable dimensions for
scalable video coding (SVC),

(8022} FIG. 9 15 a conceptual diagram iHustrating an examople of the SV coding
structure,

(806231 FIG. 10 1s a conceptual diagram illustrating example access units {(AUs)ina
multi-layer bitstream.

16024) FIG. 11 iHlustrates a technique for processing multi-layer video data consistent
with this disclosure.

[66258] FIG. 12 illustrates another technique for processing muilti-layer video data

consistentd with this disclosure,

DBETAILED DESCRIPTION
18626} Aspects of this disclosure may relate to various technigues for carly indication of
parallel processing teols in video coding, #s described in greater detail below. Tu some
nstances, the techniques may be performed with multi-laver extensions to a High
Efficiency Video Coding (HEVC) standard such as a Multi-view Video Coding
extension to HEVC (MV-HEVC), a Multi-view plus depth Video Coding extension to
HEVC (3D-HEV(C), or a Scalable Video Coding (SVC) extension to HEVC (SHVC), as
noted below. The techniques of this disclosure, however, are not himited to any
particular video coding standard, and may also or aliernatively be used with other
extensions to HEVC, other multi-view coding standards (with or without a depth
component) and/or other multi-layer video standards. In addition, techniques of this
disclosure, as described below, may be applied independently or in combination.
(8627} Parallel processing tools may be used to encode or decode video data in parallel.
For exaraple, some paraliel processing tools may allow different spatial portions of a

single video picture to be encoded or decoded in parallel. In an example for purposes of
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illustration, with respect to the HEVC standard noted above, parallel processing may be
achieved using wavefront paraliel processing (WPP). WPP is a video coding technique
whereby two or more rows of video blocks (e.g., coded tree block (CTB) rows, as
described below) are encoded amd/or deceded at approximately the samge time (ic., in
parallel).

186281 Due to inter-dependencies in imtra-prediction, inter-prediction, and certain
syntax element parsing, using WPP, parallel decoding of the rows of blocks may be
synchronized. That is, video blocks 1n a current row of blocks may use coded
nformation from video blocks in a row of blocks above the carrent row of blocks.
When processing two rows of blocks in parallel, a video decoder may synchronize
processing between blocks in the two rows to ensure that data reguired by a lower row
of blocks has already been coded 1n the upper row of blocks. In this regard, the WPP
process may be considered to be split tnto two main processes including a bitstream
parsing process and a reconstruction process. The reconstruction process may inchude
synchronization between rows of blocks.

16025} Anocther parallel processing technigue inchudes using so-called tiles for coding
video. For example, HEVC defines tiles as an integer number of blocks co-cecurring in
one columm and oune row, ordered consecutively in a raster scan of the tile. The division
of cach pictare into tiles may be referred 1o as a partitioning. Tiles in a picture are
ordered consccutively in the tile raster scan of the picture. The number of tiles and the
locations of their boundarics may be defined for the entire sequence or changed from
picture to picture. Tile boundaries, similarly o slice boundaries, break parsing and
prediction dependences so that a tile can be processed mdependently of another tile.
However, in some instances, in-loop filters (2., de-blocking and sample adaptive offset
{SAD) filters) may still cross tile boundaries.

[8038] Using tiles may enbance parallelism, because no (or relatively little)
commumcation 1s needed between processors or processor cores for entropy decoding
and motion compensation reconstruction. Accordingly, different tiles of a picture may
be processed by different processors or processor cores. In addition, tiles may exhibit a
relatively better coding efficiency when compared to slices, because tiles allow pictare
partition shapes that contain samples with potentially higher correlation than shices.
Tiles may also reduce slice header overhead.

(8031 While the WPP and tile techniques described above may provide for paralicl

processing within a particular layer, in some instances, nudtiple layers of video data
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may also be encoded or decoded in paralicl. A “layer” of video data may generally refer
to a sequence of pictures having at least one common characteristic, such as a view, a
frame rate, a resoluiion, or the like. For example, a layer may include video data
associated with a particular view (e.g., perspective} of nwlti-view video data (as
described, for example, with respect to FIG. 7 below). As another example, a layer may
include video data associated with a particudar layer of scalable video data (as described,
for example, with respect to FIGS. 8 — 10 below). Thus, this disclosure may
interchangeably refer to a laver and a view of video data. That 15, a view of video data
may be referred to as a layer of video data, and vice versa. Moreover, the terms inter-
view prediction and imter-layver prediction may imterchangeably refer to prediction
between nultiple layers and/or views of video data. o addition, a vwalti-layer codec
{also referred to as a multi-layer video coder or multi-layver encoder-decoder) may
jointly refer to a multiview codec or a scalable codec {(e.g., a codec configured to encode
and/or decode video data using MV-HEVC, 3B-HEVC, SHVC, or another multi-layer
coding technique).

16632} In some instances, multiple layers of video data may be coded in parallel using
an offset delay. An offset delay may generally refer to a delay associated with
processing {e.g., encoding or decoding) muitiple layers in parallel. For example, ¢
video decoder may decode more than one layer of a multi-layer bitstream in paratiel
When using inter-layer prediction techniques to decode a carrent layer, however, the
video decoder may access reference data of a reference layer that is different than the
current layer. The reference data vwst be available (e.g., decoded) i order to be used
as an inter-layer reference for decoding the current layer. Accordingly, in general, the
video decoder finalizes decoding of all reference layers in a muldti-layer decoding
scheme prior {o decoding a layer that refers to one or more of the reference layers.
(8033} Rather than waiting for an entire reforence layer to be finalized (e.g., decoded),
the video decoder may delay initiating decoding of a current laver unti at least some of
the reference layer has been decoded. The offset delay may generally indicate a
minimurg amount of a reference layer that is to be decoded before the video decoder
begins decoding a current layer. Implementing an offset delay may help to ensure that
mter-layer reference data is available o be used as a reference, while still allowing at
least a portion of the reference layer and the current layer to be decoded in parallel. For
example, a paralicl decoder roay start decoding an cnhancement layer as soon as the

specified reference layer offset delay is achieved. While the example above is described
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with respect to video decoding (as performed by a parallel decoder), it should be
wsnderstood that similar techniques may be applied by a video encoder doring parallel
encoding.

(8034} The design of HEVC and HEVC exiensiouns {e.g., such as MV-HEVC, 3D-
HEVC, or SHVC) may exhibit certain drawbacks. For example, when used across
layers certain configurations of tiles and WPP may affect the pipehining design {e.g.,
allocation of resources across layers) and implementation of a codec. In some instances,
& pipeline design may need to change for different configurations of tiles and WPP. For
exanple, when performing inter-layer prediction using tiles, tiles having the same
relative spatial location in the layers should be processed by the same processing
resourees {¢.g., the sare processing core) so that the data for inter-layer prediction does
not need to be accessed by different processing cores. In addition, in some instances,
the memory, cycles and the delay requirements may be different for different layers.
18435} The utilization of the above-described paraliel coding tools {c.g., tilcs and/or
WEP) across layers may typically be derived by parsing the active picture parameter sct
(PPS) of each layer. However, parsing such mformation froma PPS maynotbea
straightforward process and may introdoce delay, because the content of of an active
FPPS is known only after the activation process has commenced{e.g., while decoding
pictures within a particolar layer). Furthermore, finding all of the rclevant PPSs fora
coded video sequence and parsing the PPSs may require computationally boardensome
parsing cfforts.

16036} Another potential issuc with the HEVC design and the relevant extensions {e.g.,
such as MV-HEVC, 3D-HEVC, and/or SHVC) 1s that when tiles are used across layers
{c.g., it more than one layer of multi-layer video data) for paralielism, loop fikers may
be applied across tile boundaries. A loop filter may include a deblocking filier or other
filter that is used in the video coding process to improve video quality. Despite the
potential for improving video quality, allowing a loop filter to be applicd across a tile
boundary may affect the parailelism and introduce a delay. For example, if loop
filtering is applicd across tiles, a block of a particular tile roay be changed due to the
loop filtering, which may cause issues for performing inter-layer prediction using that
tile.

{8037} This disclosure describes techniques for signaling information related to parallel
processing. The technigues of this disclosure may allow a video decoder to determine

the configurations of tiles and/or the WPP configuration across layers of a coded video
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sequence at a relatively early point in the decoding process of the coded video sequence.
I addition, the techniques of this disclosure may allow a video decoder to determine
whether loop filtcrs may be applied across tile boundaries at a relatively carly point in
the decoding process. Determining such information relatively carly in the decoding
process may, in some instances, allow the video decoder to more efficiently assign
system respurces and reduce delay {e.g., relative to providing such information in
another location, such as a PPS, as described above). That is, the paraliel processing
information allows the videe decoder to determine whether parallel coding tools are
used, and if so, the manner in which the parallel coding tools are implemented.
[8038] In some examples, the parallel processing information may be provided ina
video parameter set (VPS}, as described in greater detail below. In other exampies, the
parallel processing information may be provided in VPS8 video usability information
{VUT), as described in greater detail below. The VPS is decoded relatively early in the
decoding process {e.g., relative to the PPS). Thus, according to aspects of this
disclosure and as described in greater detail below, the parallel processing information
of the VPS {or VPS VUI) may provide an early indication of parallel processing
imformation that is used during coding. That is, the parallel processing information of
the VPS may supplement other paralie] processing information that may be provided in
a PPS and used during coding. For example, the parallel processing information of the
/PS {or VPS VUD may provide an ecarly indication of parallel processing information
that is included in a PPS. In this manner, as described in greater detail below, a video
decoder may decode the parallel processing information from the VPS (ot VPS VUI),
determine whether {and/or how) parallel processing coding tools are used in the multi-
layer bitstream, and allocate decoding resources based on the mformation of the parallel
processing information from the VPS. The video decoder may then commence
decoding the nuilti-layer bitstream using the paralie] processing information of a PPS
that was indicated by the VPS.
1883%9] According to aspects of this disclosure, a video decoder may be configured to
parse one or more syntax clements corresponding to video data, wherein the one or
more syntax clements indicate one or more of a tile configuration, a loop filter
configuration, and a parallel processing configuration, and perform parallel decoding of
the video data in accordance with the one or morg syntax clements.
[8048] FIG. 1 is a block diagram illustrating an example video encoding and decoding

system 10 that may utilize the techniques for parallel video processing described in this
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disclosure. As shown mn FIG. 1, system 10 includes a source device 12 that generates
encoded video data to be decoded at a later time by a destination device 14. Source
device 12 and destination device 14 may comprise any of a wide range of devices,
including desktop computers, notchook (1.e., laptop) computers, tablet computers, sei-
top boexes, telephone handsets such as so-called “smart” phones, so-called “smart” pads,
televisions, cameras, display devices, digital media players, video gaming consoles,
video streaming device, or the like. In some cases, source device 12 and destination
device 14 may be equipped for wircless communication.

18641} Destination device 14 may receive the encoded video data to be decoded via a
hink 16. Link 16 may comprise any type of medium or device capable of moving the
encoded video data from source device 12 to destination device 14, In one example,
hink 16 may comprise a communication medium to enable source deviee 12 1o fransmit
encoded video data directly to destination device 14 m real-time. The encoded video
data may be modulated according to a communication standard, such as a wirciess
communication protocol, and transmitted to destination device 14, The communication
medium may comprise any wireless or wired comnumication mediim, sach as a radio
frequeney (RE) spectrum or ong or more physical transmission lines. The
compumication medivr may form part of a packet-based network, such as a local arca
network, a wide-area network, or a global network such as the Internet. The
communication mediom may inchide rovters, switches, base stations, or any other
cquipment that may be useful to facilitate communication from sowrce device 12 to
destination device 14.

16042} Alternatively, encoded data may be output from output interface 22 to a storage
device 32. Similarly, encoded data may be accessed from storage device 32 by input
interface. Storage device 32 may include any of a variety of disiributed or locally
accessed data storage media such as a hard drive, Blu-ray discs, DVDs, CD-ROMs,
flash memory, volatile or non-volatile memory, or any other suitable digital storage
media for storing encoded video data. In a further example, storage device 32 may
correspond 1o a file server or another jntermediate storage device that may hold the
encoded video generated by source device 12, Destination device 14 may access stored
video data from storage device 32 via streaming or download. The file server may be
any type of server capable of storing encoded video data and transmitting that encoded
video data to the destination device 14, Example file servers include a web server {e.g.,

for a webstite), an FTP server, network attached storage (NAS) devices, or g local disk
5 3 s 2
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drive. Destination device 14 may access the encoded video data through any standard
data connection, including an Internet connection. This may inchide a wireless channel
{c.g., a Wi-Fi connection), a wired connection {(¢.g., DSL, cable modem, ctc.), or a
combination of both that 1s suitable for accessing encoded video data stored on a file
server. The transmission of encoded video data from storage device 32 may bea
streaming transmission, a download transmission, or a combination of both,

18843} The techniques of this disclosure are not necessartly Hmited to wireless
applications or settings. The techniques may be applied to video ceding in support of
any of a varicty of multimedia applications, such as over-the-air television broadeasts,
cable television transmissions, satellite television transmissions, streaming video
transmissions, ¢.g., via the Intermet, encoding of digital video for storage on a data
storage medium, decoding of digital video stored on a data storage medium, or other
applications. In some examples, system 10 may be configured to support one-way or
two-way video transmission to support applications such as video streaming, video
playback, video broadeasting, and/or video telephony.

18844} In the example of FIG. 1, source device 12 mcludes a video source 18, video
encoder 2 and an output interface 22. In some cases, output interface 22 may mehide a
modulator/demodulator (modem) and/or a transmitter. o source device 12, video
source 13 may include a source such as a video capture device, e.g., a video camera, a
video archive containing previously captured video, a video feed interface to receive
video from a video content provider, and/or a computer graphics system for gencrating
computer graphics data as the source video, or a corbination of such sources. As one
example, if video source 18 is a video camera, source device 12 and destination device
14 may form so-called camera phones or video phones. However, the techniques
described in this disclosure may be applicable to video coding in general, and may be
applied to wircless and/or wired applications.

[8845] The caprured, pre-captured, or computer-generated video may be encoded by
video encoder 20. The encoded video data may be transmitted directly to destination
device 14 via output interface 22 of source device 12. The encoded video data may also
{or alternatively) be stored onto storage device 32 for later access by destination device
14 or other devices, for decoding and/or playback.

{8646} Destination device 14 includes an input interface 2¥, a video decoder 30, and a
display device 33. In some cases, input interface 28 may include a receiver and/or a

modem. Input interface 28 of destination device 14 receives the encoded video data
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over Hink 16. The enceded video data communicated over Hnk 16, or provided on
storage device 32, may inchide a variety of syntax elements generated by video encoder
20 for use by a video decoder, such as video decoder 30, in decoding the video data.
Such syntax clements may be included with the encoded video data transmitted on a
commucation medium, stored on a storage medium, or stored a file server.

(88471 Display device 33 may be integrated with, or external to, destination device 14,
in some examples, destination device 14 may include an integrated display device and
also be configured to interface with an external display device. Tn other exaroples,
destination device 14 may be a display device. In general, display device 33 displays
the decoded video data to a user, and may comprise any of a variety of display devices
such as a lguid crystal display (LCD), a plasma display, an organic light emitting diode
{OLED) display, or another type of display device.

{88481 Although not shown in FIG. 1, in some aspects, video encoder 20 and video
decoder 30 may each be integrated with an audio encoder and decoder, and may include
appropriatc MUX-DEMUX units, or other hardware and sefitware, to bandle encoding
of both andio and video in a common data stream or separate data streams. [f
applicable, in some examples, MUX-DEMUX units may conform to the [TU H.223
multiplexer protocol, or other protocols such as the user datagram protocol (UDP).
68049} Video encoder 20 and video decoder 30 each may be implemented as any of a
variety of suitable encoder circuitry, such as one or more microprocessors, digital signal
processors {D5Ps), application specific integrated circuits {ASICs), field programmable
gate arrays (FPGAs), discrete logic, software, hardware, firmware or any combinations
thercof. When the techmiques are implemented partially in software, a device may store
mstroctions for the software in a suitable, non-transitory computer-readable medium and
execute the instructions in hardware using one or more processors to perform the
techniques of this disclosure. Each of video encoder 20 and video decoder 30 may be
meladed in one or more encoders or decoders, cither of which may be integrated as part
of a combined encoder/decoder (CODEC) in a respective device.

16056] This disclosure may generally refer to video oncoder 20 “signaling” certain
information to another device, such as video decoder 30. 1t should be understood,
however, that video encoder 20 may signal information by associating certain syntax
cloments with various encoded portions of video data. That is, video encoder 2( may
“signal” data by storing certain syntax elements to headers of various encoded portions

of video data. In some cases, such syotax elements may be encoded and stored prior to
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being received and decoded by video decoder 30, Thus, the term “signaling” may
generally refer to the comnuumnication of syntax or other data for decoding compressed
video data, whether such communication occurs in reaf- or near-real-time or over a span
of time, such as might occur when storing synfax elemends to a medivm at the time of
encoding, which then may be retrieved by a decoding device at any time after being
stored to this medinm.

188511 Video encoder 20 and video decoder 30 may operate according to a video
compression standard, such as the HEVC standard developed by the Joint Collaboration
Team on Video Coding (JCT-VC) of ITU-T Video Coding Experts Group (VCEG) and
ISOAEC Metion Picture Experts Group (MPEG). HEVC is described in ITU-T H.265,
SERIES H: AUDIOVISUAL AND MULTIMEDIA SYSTEMS, Infrastructure of
Audiovisual Services—Coding of Moving Video, “High Efficiency Video Coding,”
April 2013, One HEVC draft specification, and referred to as HEVC WD hereinafter, is
available from btip/phenix.int-

evry. fr/jct/doc_end user/documents/14 Vienna/wgl VICTVC-N1003-v 1 zip.

16682} Various extensions to HEVC have been proposed. For example, the multi-view
extension to HEVC, namely MV-HEVC, and ancther HEVC extension for more
advanced 3D video coding (3D-HEVC) are being developed by the JCT-3V,
Meanwhile, the scalable video coding extension to HEVC, namely SHVC, s being
developed by the JCT-VC.

18653] A recent Working Draft (WD) of MV-HEVC, referred to as MV-HEVC WS
hercinafter, is available from btip/phenix ¥-

sudparis.eu/jct2/doc_end user/documents/S Vienna/wgl 1/ JCT3V-E1004-v6.71p. A
recent WD of 3D-HEVC, referred to as 3D-HEVC WD1 hereinafter, is available from
http://phenix. it-sudparis.ow/jciZ/doc_end user/documents/5 Vienna/wgl 1/ICT3V-
E1001-v3.zip. A recerd WD of SHVC and referred 1o as SHYVC W3 bereinatier, 18
avatlable from hitp://phenix.it-

sudparis.ew/jct/doc_end user/documents/14 Vieona/wgl /ICTVC-N1008-v3.zip.
Another extension to HEVC is the HEVC Range Extension, described in “High
Efficiency Video Coding (HEVC) Range Extensions text specification: Draft 4,7
JCTVC-NI00S vi, April 2013 (hereinatter, “JCTVC-NIG0S™).

(8654} The techniques of this disclosure, however, are not limited to any particular

coding standard.  Accordingly, the techniques of this disclosure may be applied to any
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of a variety of coding standards in which indication of parallel processing may be
desirable.

[8655] With respect to HEVC, as an example, the standardization offorts were based on
an evolving model of a video coding device referred to as the HEVC Test Model (HM).
The HM presumes several additional capabilities of video coding devices relative to
existing devices according to, ¢.g., [TU-T H264/AVC. For example, whereas H.264
provides nine intra-prediction encoding modes, the HM may provide as many as thirty-
three intra-prediction encoding modes.

18656} In general, the working mode! of the HEVC HM describes that a video frame or
picture may be divided into a sequence of coding tree blocks (CTBs) or largest coding
voits (LOCUs) that include both luma and chroma samples. 1o many examples, a CTB is
an NxN block of samples (e.g., luma or chroma samples). A CTB has a similar purpose
as a macroblock of the H.264 standard. A slice includes a nomber of consecutive CTBs
in coding order. A video frame or picture may be partitioned into onc or more slices.
Each CTB may be split into coding units {CUs) according to a quadtree. For example, a
CTHB, as a root node of the quadiree, may be split into four child nodes, and cach child
node may in turn be a parent node and be spht into another four child nodes. A final,
vnsplit child node, as a leaf node of the guadiree, comprises a coding node, i.c., a coded
video block. Syntax data associated with a coded bitstream may define a maximum
number of times a CTB may be sphit, and may also define a minimom size of the coding
nodes.

1805871 A CU includes a coding node and prediction units (PUs) and transform units
(TUs) associated with the coding node. A size of the CU generally corresponds to a size
of the coding node and must typically be square in shape. The size of the CU may range
from 8x¥ pixels up to the size of the CTB with a maximum of 64x64 pixels or greater.
Each CU may contain one or more PUs and one or more TUs. Syntax data associated
with a CU may deseribe, for example, partiioning of the CU mto one or more PUs,
Partitioning modes may differ between whether the CU is skip or direct mode encoded,
ntra-prediction mode enceded, or inter-prediction mode encoded. PUs may be
partitioned to be non-square in shape. Syntax data associated with a CU may also
describe, for example, partitioning of the CU into one or more TUs according to a
quadiree. A TU can be square or non-sguare in shape.

[8058] The HEVC standard allows for transformations according to TUs, which may be

different for different CUs. The TUs are typically sized based on the size of PUs within
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a given CU defined for a partitioned LCU, although this may not always be the case.
The TUs are typically the same size or smaller than the PUs. In some examples,
residual samples corresponding to a CU may be subdivided into smalier units using a
quadiree structure known as "residual quad tree” (RQT). The leaf nodes of the ROT
may be referred to as transform wts (TUs). Pixel difference values associated with the
TUs may be transformed to produce transform coefficients, which may be quantized.
18459] In general, a PU includes data related to the prediction process. For example,
when the PU is Udra-mode encoded, the PU may include data describing an infra-
prediction moede for the PU. As another example, when the PU is inter-mode encoded,
the PU may include data defining a motion vector for the PU. The data defimng the
mofion vector for a PU may describe, for exarople, 8 horizontal component of the
motion vector, a vertical component of the motion vector, a resolution for the motion
vector (e.g., one-guarter pixel precision or one-eighth pixel precision), a reference
picture to which the motion vector points, and/or a reference picture list {e.g., List §,
List |, or List C) for the motion vector.

16068] In general, a TU is used for the transform and quantization processes. A given
CU having one or more PUs may also mclude one or more transform anits (TUs).
Following prediction, video encoder 20 may calculate residual values from the video
block identified by the coding node in accordance with the PU. The coding node 1s then
updated to reference the resideal values rather than the original video block. The
residual values comprise pixel difference values that may be transformed into transform
coefficienis, quantized, and scanned using the transforms and other transform
mformation specified n the TUs to produce seniabized transtorm coefficients for entropy
coding. The coding node may once again be updated to refer to these serialized
transform cocfficients. This disclosure typically uses the term “video block™ o refer to
one or more of a UTH, LCU or a U1, which includes a coding node and PUs and TUs,
8061} A video sequence typically includes a series of video frames or pictures. A
group of pictures {GOP} generally comprises a scvies of one or more of the video
pictures. A GO may include syntax data in a header of the GOP, a header of one or
more of the pictures, or elsewhere, that deseribes a number of pictures inchuded in the
GOP. Each slee of a picture may include slice syntax data that describes an encoding
mode for the respective shice. Video encoder 20 typically operates on video blocks

within individual video slices in order 1o encode the video data. A video block may
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correspond to a coding node within a CU. The video blocks may have fixed or varying
sizes, and may differ in size according to a specified coding standard.

(8062} As an exanple, the HM supports prediction in various PU sizes. Assuming that
the size of a particular CU 15 2Nx2N, the HM supports intra-prediction o PU sizes of
WNxN. The HM also supports asymmetric partitioning for inter-prediction in PU sizes of
ZNxnlU, 2NxaD, nlx2N, and nRx2N. In asymmetric partitioning, one direction ofa CU
18 not partitioned, while the other direction is partitioned mto 25% and 75%. The
portion of the CU corresponding to the 25% partition is indicated by an “n” followed by
an indication of “Up”, “Down,” “Left,” or “Right.” Thus, for example, “2Nxal” refers
to a 2Nx2N CUJ that is partitioned horizontally with a ZNxO5SN PU ontop and 2
2Nx | SN PU on bottom.

[80663] In this disclosure, “NaN” and “N by N7 may be used interchangeably to refer to
the pixel dimensions of a video block in terms of vertical and horizontal dimensions,
c.g., 16x16 pixels or 16 by 16 pixels. In general, a 16x16 block will have 16 pixels ina
vertical direction (y = 16} and 16 pixels in a horizontal direction (x = 16). Likewise, an
MNxN block generally has N pixels in a vertical direction and N pixels in 2 horizontal
direction, where N represonts a nonnegative integer value, The pixels in a block may be
arranged i rows and colunmms. Moreover, blocks need not necessarily have the same
number of pixels in the horizontal direction as in the vertical direction. For example,
blocks may comprise NxM pixels, where M is not necessarily equal to N.

16064} Following intra-predictive or inter-predictive coding using the PUs of a (1,
video encoder 20 may calculate residual data to which the transforms specified by TUs
of the CU are applied. The residual data may correspond to pixel differences between
pixels of the unencoded picture and prediction values corresponding to the CUs. Video
encoder 20 may form the residual data for the CU, and then transform the residual data
to produce transform coefficients.

18665} Following any transforms to produce transform coefficients, video cncoder 20
may perform guantization of the transform cocfficients. Quantization generally refers to
a process in which transform coefficients are quantized to possibly reduce the amount of
data vsed to represent the coefficients, providing further compression. The quantization
process may reduce the bit depth associated with some or all of the coefficients. For
example, an #-bit value may be rounded down to an m-bit value during quantization,

where » 15 greater than m.
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160666} In some examples, video encoder 20 may utilize a predefined scan order to scan
the quantized transform coefficients to produce a serialized vector that can be entropy
encoded. In other examples, video encoder 20 may perform an adaptive scan. After
scanning the quantized transform cocfficients to form a one-dimensional vector, video
encoder 20 may entropy encode the one-dimensional vector, e.g., according to context
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding
{(CABAQ), syntax-based context-adaptive binary arithmetic coding {(SBAC), Probability
Interval Partitioning Entropy (PIPE} coding or another endropy enceding methodology.
Video encoder 20 may also entropy encode syntax clements associated with the encoded
video data for use by video decoder 38 in decoding the video data.

18067} As noted above, the technigues of this disclosure may be used to provide carly
mdication of parallel coding tools, such as coding video data using tiles and/or WPP.
For example, a typical bitstream configuration may be as follows: Video Parameter Set
(VPS), VPS extension, Sequence Parameter Set (SPS), SPS extension, Picture
Parameter Set (PPS), PPS extension, shice header, video payload. In some instances,
parallel coding tools may be indicated in the PPS and/or PPS extension.

[6068] The techunigues of this disclosare may, in some instances, be used to provide an
carly mdication 1o a video decoder of whether paralle! coding tools are used within
layers of a multi-layer bitstream, e.g., in the VP35, received by the video decoder. For
example, the parallel processing information of the VPS may supplement other parallel
processing information that may be provided in a PPS and used during coding, thereby
providing an early indication of parallel processing information that is incloded w1 the
PPS {e.g., because the information of the VPS is decoded prior to the PPS).

[8069] According to aspects of this disclosure, the techniques may allow a video
decoder, such as video decoder 36, to efficiently assign decoding resources for decoding
the multi-layer video data and reduce overall decoding delay. For example, video
encoder 20 may encode (and video decoder 30 may decode) data of a VPS and/or VPR
YUI that indicates a tile configuration for layers of a multi-layer bitstream and/or a
parallel processing configuration for layers of the multi-layer bitstream.  In particular,
with respect to the parallel processing configuration, the data may indicate whether
parallel processing synchronization is performed (e.g., entropy coding synchronization,
as performed in WPP).

(8078} In goneral, 2 VPS may include data describing the overall characteristics of a

coded video sequence, including dependencies between sub-layers. One purpose of the

SUBSTITUTE SHEET (RULE 26)



WO 2015/057677 PCT/US2014/060445

VPS may be to enable compatible extensibility of a particular standard in terms of
signaling at the systems layer. A VPS must typically be inchided in a multi-layer
bitstream for the bitstroam to be decoded. A VPS may, additionally or aliernatively,
inchude data defining video usability information (VU1), such as video representation
mformation, hypothetical reference decoder (HRD) parameters, and/or bitstream
restriction information. Bitstream restriction information may inchude restrictions on
motion veetor range, decoded picture buffer (BPB) size (c.g., in terms of a number of
pictures 0 be held by the DPR), number of reordering frames (that is, an indication of a
number of frames to be reordered from decoding order to display order), coded sizes of
blocks (e.g., macroblocks (MBs) or coding tree units), and coded sizes of pictures, A
VIS may further provide data for one or more VPS extensions, such that the VPS can
be extended by future standards or extensions to the upcoming HEVC standard. In this
disclosure, the acronym VPS may jointly refer 1o both a VPS and VPS VUL as
applicable.

16071} An cxample VPS VUT for indicating the configurations of tiles and WPP for
cach laver is illustrated in Table 1 below., WPP is desenibed m greater detail, for
example, with respect to FIGS. 4A-5 below. Tiles are described in greater detail, for
example, with respect to FIG. 6 below. According to aspects of this disclosure, video
encoder 20 may encode the syntax clements shown in Table | and include the encoded
syntax clements in an encoded bitstream, Likewise, video decoder 30 may parse and

decode the syntax elements from an encoded bitstream.
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[
(75}

Tabie 1 - VPS VU Example #1

vps vui( )}{ Descriptor

for{i=0;1 <= vps_max_layers minusi; i++} { u{l})

tiles_enabled vps flagii]

i tiles_enabled vps_flagli)

loop_filter across_tiles disabled vps_flagfi|] u{l}
entropy_coding sync_enabled vps flagfi| u{l}

!
5

for( 1= 1;1 <= vps_max_layers minusi; i++)

for( § = 0; 3 < NomDirectRetLayers] layer id in nub{i] §;i++ ) {

Hf{ tites_enabled vps_flagl i)

u{1)

18472} The syntax clement tiles_enabled vps_flagl i | being equal to a value of 1
indicates that the value of the tiles_enabled flag is equal to 1 for each PPS that is
referred to by (e.g., associated with) at least one picture of the i-th layer specified by the
VPS. The syntax element tiles_enabled vps flagl i | being equal to a valoe § indicaies
that the value of the tiles_enabled flag is equal to 0 for cach PPS that is referred fo by
{e.g., associated with) at least one picture of the 1-th layer specified by the VPS.,

{8073} The syntax element files_enabled flag equal to 1 specifies that there is more
than one tile in cach picture referring to the PPS. The syntax element tiles enabled flag
being equal to a value of 0 specifies that there is only onge tile in cach picture refesring to
the PPS.

[8074] The syntax clement loop_filter across_tiles disabled vps flag[i]equalto |
indicates that the vaiuc of the loop filter across tiles cunabled flag is equal to 0 for
cach PPS that is referred to by (e.g., associated with) at least one picture of the i-th layer
specified by the VPS. The syntax clement

foop filter across tiles enabled vps flag] 11 betng equal to a value of O indicates that
the above constraint may or may not apply.

164778} The syntax clement loop filter_across_tiles_cmabled flag equal to 1 specifies

that in-loop filtering operations are performed across tile boundaries. The syntax
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clement loop filter across_tiles_enabled flag being equal to a value of 0 specifies that
in-loop filtering operations are not performed across tile boundaries. The in-loop
filtering operations may inclode the deblocking filter and sample adaptive offset filter
operations. When not present (e.g., the syotax clement
foop filter across tiles enabled flag is not included in the bitstream), the value of the
syntax clement loop filter across tiles enabled flag is inferred to be equal to L.
18476} The syntax clement entrepy_ceding syne_enabled vps_flagl i | equal to 1
indicates that the value of the syntax clement entropy_coding sync_cnabled flag is
equal to 1 for cach PPS that is referred to by {e.g., associated with) at least one picture
of the i-th layer specified by the VPS. The syntax clement
entropy_coding_sync_cnabled vps flag] 1] being equal to a value of § indicates that
the value of the syntax clement entropy_coding sync_enabled flag is equal to 0 for
each PPS that is referred {0 by {(e.g., associated with) at least one picture of the i-th layer
specified by the VPS.
16077} The syntax clement entropy_coding syne_cnabled flag cqual to 1 specifics that
a specific synchromization process for context variables is invoked before decoding the
first coding tree block of a row of coding tree blocks in each tile in cach picture
referring to the PPS, and a specific memorization process for context variables is
mvoked after decoding two coding free blocks of a row of coding tree blocks i cach tile
i each picture veferring to the PPS. The syntax element
entropy_coding sync_enabled flag being equal to a value of § specifies that no specific
synchronization process for context variables is required 1o be invoked before decoding
the first coding tree block of a row of coding tree blocks in each tile in each pictare
referring to the PPS, and no specific memorization process for context variables is
equired to be invoked afier decoding two coding tree blocks of a row of coding tree
blocks in cach tile in cach picture referring to the PPS.
(8078} Accordingly, upon receiving the syntax elements included in the example of
Table 1 above, video decoder 30 may determine a tile configuration and/or paraliel
processing configuration for layers of a multi-layer bitstream.  For example, for cach
fayer from O to the maximum number of layers {e.g, for{i=0;1 <=
vps_max layers minusl; i++ ) video decoder 30 may obtain, from a VPS of an encoded
bitstream, data that indicates whether tiles arc cnabled o at least one picture in the layer
{c.g., the tiles_cnabled vps flag] 1 ] syntax clement). In addition, for cach layer for

which tiles are enabled {e.g., if{ tiles_enabled vps flagf i | }) video decoder 30 may also
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obtain data that ndicates whether loop filtering is applied across tile boundaries, or
whether loop filtering across tile boundaries is disabled {¢.g., the

toop fikier across tiles disabied vps flagf i | syntax clement).

[807¢] In addition, video decoder 30 may also obtain data that indicates a paraliel
processing configuration. For example, video decoder 30 may obtain data that indicates
whether entropy coding synchronization is performed, e.g., via WPP {e.g., the
entropy_coding sync_enabled vps flagli]). In other examples, syntax clemenis
having = different naming convention may be used to convey the tile configuration
and/or paralle] processing configuration.

{8688} In ancther example, the techniques of this disclosure inchude signaling/reading
an indication of cross-layer alignient of tiles, and WPP and loop filter configurations
{e.g., the use of loop filter acvoss tile boundaries, loopfilter_accross_tile boundary)ina
VPS. Ina first example, the indication of the configurations of tiles and WPP for each
layer may be made in the modified VPS VUI as shown below in Table 2. Video
encaoder 20 may encode the syntax elements shown in Table 2 and include the encoded
syntax elements in an encoded bitstream.  Likewise, video decoder 30 may parse and
decode the syntax elements from an encoded bitstream.

Table 2 —~ VPS VUI Example #2

vps vai{ } Descriptor

paraliel_tools_vps_ide u(2)

[8081] The syntax clement paraliel_tosls vps ide equals to § indicates that both the
syntax clement tiles cnabled flag and the syntax clement

entropy_coding sync_cnabled flag are equal to O for the pictures. The syotax clement
parallel tools vps idc equals to 1 indicates that the syntax element

entropy_coding sync_enabled flag is egual to 1 and the syntax element

tiles _enabled flag is cqual to O for the pictures in all iayers. The syntax clement
parallel tools vps ide equals to 2 indicates that the syntax clement tiles_enabled flag is
equal to 1 and the syntax element entropy _coding sync_enabled flag is equal to § for
the pictores in all layers. The syntax clement paraliel tools vps ide equais o 3

indicates that the syniax element tiles_cunabled flag may be equal to 1 for pictures in
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7ero of more layers and the syntax element entropy_coding_sync_cnabled flag may be
equal to 1 for the pictares in zero or more layers.

{8082} Tables 3 and 4 below show additional examples of how the VPS VUI may be
maodified to indicate the configuration of tiles and WPP. According to aspecis of this
disclosure, video encoder 20 may encode the syntax elements shown in Tables 3 and 4
and inchude the encoded syntax clements in an encoded bitstream. Likewise, video
decoder 30 may parse and decode the syntax elements from an encoded bitstream,

Tabie 3 - VPS VUI Example #3

vps_vui{ ) { Descriptor

for(i=90;1 <= vps_max_layers_minusi; i++} {

paraliel fosls vps ideli} u{2)

ot

{8083} The syntax clement paraliel tools vps_idefi]: being equal to a valuc of
indicates that both the syntax clement tiles_cnabled flag and the syndax element
entropy_coding_sync_enabled flag are cqual to 0 for the picture of the i-th layer
referring to an active PPS. The syntax element parallel tools vps ide] 1] equal to 3
the picture of the i-th layer and all of its direct reference layer pictures referring to an
active PPS. The syntax element paraliel tools_vps_ide 1] equal to 2 mdicates that the
syntax clement tiles cnabled flag is equal to 1 for the pichure of the i-th fayer and all of
its direct reference layer pictures referring to an active PPS. The syutax clement
parallel tools vps idef 1] equal to 3 indicates that, when the syntax element

tiles _cnabled flag is equal to 1 for the picture of the i-th layer, then at least one of its
direct reference layers have the syntax clement cutropy coding sync_cnabled flag=1
and, when the syntax clement entropy_ceding syne_enabled flag = 1 for the picture of
the i-th layer, then at least one of its direct reference layers have the syntax element

tiles_enabled flag equal to 1.
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Tabie 4 - VPS VUI Example #4

vps_vuif ) Descriptor

for( 1= 0;1 <= wps max layers mimusl; i++ )

for( § = 0; i < NumbDirectRefLayersi layer id i oub{1] L j++3 ¢ u( )

tile boundaries aligned flagl 13[ 7] vl 1)

if(tile_boundaries aligned flagii1][j1=0)

tile_entropy_syne coding net mixed flagfij{i} o)
foopfilter_acrass_tile_boundary_vet mixed flaglii{fi] u( )

[

{8084} The syntax clement tile _entropy_svoc ceding not mixed flag{i]ij]: cqual
to 1 indicates that ,within a CVS, when the syntax clement tiles_cnabled flag is equal to
1 for an active PPS of i-th layer, the syntax element entropy _coding sync_cnabled flag
is equal to {} for an active PPS of the j-th direct reference layer of the i-th layer or when
the syntax clement erdropy_coding syne_cnabled flag is equal te 1 for an active PPS of
i-th layer, the syntax element tiles_enabled flag is equal to O for an active PPS of the j-
th direct reference layer of the i-th layer. The syntax element

tile _entropy sync coding not mixed flagl i }f j | being equal to a vaiuc of 0 indicates
that such a restriction may or may not apply. To such cxamples, one or more additional
syntax elements may be used to indicate whether to apply the restriction

[B085] The syntax element loopfilter across_tile beundary not mixed flagfii[j1:
cqual to 1 indicates that, within a CVS, when the syotax clement

loop filter across tiles enabled flagis equal to 1 for an active PPS of i-th layer, the
syntax element loop filter across tiles enabled flag is also equal to 1 for an active
PPS of the j-th direct reference layer of the i-th layer. The syntax clement
loopfilter_across tile boundary smot mixed flagl i ]{ 7 ] being cqual to a value of O
mdicates that such a restriction may or may not apply. In such examples, one or more
additional syntax elements may be used to indicate whether to apply the restriction.
18886} In this manner, video encoder 20 may encode, in 3 video parametor set (VPS) of
& multi-fayer bitstream, at least one of data that indicates a tile configuration for layers
of the multi-layer bitstream or data that tndicates a paralie]l processing configuration for
layers of the multi-layer bitstream. Likewise, video decoder 30 may decode, froma

video parameter set (VPS} of a multi-layer busircam, at least one of data that indicates a
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tile configuration for layers of the multi-layer bitstream or data that indicates a parallel
processing configuration for layers of the multi-layer bitstream,

(8087} FIG. 2 is a block diagram illustrating an cxample video encoder 20 that may
implement the technigques described in this disclosure. In particular, video encoder 20
may be configured 1o encode data of a multi-layer bitstream according to techniques of
this disclosure. As noled above, video encoder 20 may be adapted to perform multiview
and/or scalable video coding. For example, video enceder 20 may be configured to
encode a bitstream that conforms to one or more video coding standard extensions, such
as SHYC, MV-HEVC, or 3D-HEVC, However, while reference 1s made to specitfic
coding standards, 1t should be understood that the techniques are not specific to any one
coding standard, and may be implemented with future and/or not yet developed
standards.

[8888] In the example of FIG. 2, video encoder 20 includes a partitioning unit 35, video
data memory 37, prediction processing unit 41, reference picture memory 64, summer
50, transform processing unit 52, quantization unit 54, and entropy encoding unit 56.
Prediction processing unit 41 includes motion estimation unit 42, motion compensation
onit 44, and intra prediction processing unit 46. For video block reconstruction, video
encoder 20 also includes inverse quantization urdt 58, foverse transform processing unit
60, a summer 62, and a reference picture memory 64 (which may also be referred to as a
decoded picture buffer (DPB)), and a filtering unit 66.

188891 Video data memory 37 may store video data to be encoded by the components of
video encoder 20, The video data stored in video data memory 37 may be obtained, for
exanple, from video source 18, Reference picture memory 64 may be referred to as a
decoded picture buffer that stores reference video data for use in encoding video data by
video encoder 20, ¢.g., i intra- or inter-coding modes. Video data memory 37 and
reference pictare momaory 64 may be formed by any of a variety of memory devices,
such as dynamic random access memory (DRAM), mehuiding synchronous DRAM
{(SDRAM), magnctoresistive RAM {MRAM), resistive RAM (RRAM), or other types of
memory devices. Video data memory 37 and reference picture memory 64 may be
provided by the same memory device or separate memory devices. [n various
examples, video data memory 37 may be on-chip with other components of video
encoder 2{, or off-chip relative to those components.

(8098} Video encoder 20 roay perform intra- and inter-coding of video blocks within

video shices. Intra-coding relics on spatial prediction to reduce or remove spatial
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redundancy in video within a given video frame or picture. Inter-coding relics on
temporal prediction to reduce or remove temporal redvmdancy in video within adjacent
frames or pictures of a video sequence. Intra-mode (I mode) may refer to any of several
spatial based compression moedes. Inter-maodes, such as uni-directional prediction (P
mode) or bi-prediction (B mode), may refer 10 any of several temporal-based
compression modes.

18691} For cxample, as shown in FIG. 2, video encoder 20 receives video data, and
partitioning unit 35 partitions the data mte video blocks. This partitioning may alse
mchide partifioning into shces, tiles, or other larger units, as wells as video block
partitioning, e.g., according to a quadtree structure of LCUs and CUs.  Video encoder
20 generally ilustrates the componeuts that encode video blocks within a video shice to
be encoded. The slice may be divided into multiple video blocks {and possibly into sets
of video blocks referred to as tiles). Prediction processing unit 41 may select one of a
plurality of possible coding modes, such as one of a plurality of intra coding modes or
one of a plurality of inter coding modes, for the current video block based on error
results {e.g., coding rate and the level of distortion). Prediction processing unit 41 may
provide the resolting intra- or inter-coded block to surnmer 50 to generate residual block
data and to sunumer 62 1o reconstruct the encoded block for use as a reference picture.
(68092} Intra prediction processing unit 46 within prediction processing unit 41 may
perform ntra-predictive coding of the corrent video block relative to one or more
neighboring biocks in the same frame or slice as the current block to be coded to
provide spatial compression. Motion estimation unit 42 and motion compensation unit
44 within prediction processing unit 41 perform inter-predictive coding of the current
video block relative to one or more predictive blocks tn one or more reference pictures
to provide temporal compression.

(8093} Motion estimation unit 42 may be configured to determine the inter-prediction
mode for a video slice according to a predetermined patiern for 8 video sequence. The
predetermined pattern may designate video shices in the sequence as P slices or B shices.
Maotion estimation unit 47 and motion compensation unit 44 may be highly integrated,
but are illustrated separately for conceptual purposes. Motion estimation, performed by
motion estimation unit 42, s the process of generating motion vectors, which estimate
motion for video blocks. A motion vector, for example, may indicate the displacement
of a PU of a video block within a current video frame or picture relative to a predictive

block within a reference picture.
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16094} A predictive block is a block that 1s found to closely match the PU of the video
block to be coded n terms of pixel difference, which may be determined by sum of
absolute difference (SAD), sum of square difference (85D, or other difference metries.
In some examples, video encoder 20 may calculate values for sub-integer pixel positions
of reference pictures stored n reference picture memory 64. For example, video
encoder 20 may interpolate values of one-quarter pixel positions, one-cighth pixel
positions, or other fractional pixel positions of the reference picture. Therefore, motion
cstimation unit 42 may perform a motion search relative to the full pixel positions and
fractional pixel positions and output a motion vector with fractional pixel precision.
[6695] Motion estimation unit 42 calculates a motion vector for a PU of a video block
in an inter-coeded slice by comparing the position of the PU to the position of a
predictive block of a reference picture. The reference picture may be selected from a
first reference picture hist (List 0) or a second reference picture Hst (List 1}, cach of
which identify one or more reference pictures stored in reference picture memory 64,
Maotion estimation unit 47 sends the calculated motion vector to enfropy encoding unit
56 and motion compensation vmnit 44.

[8096] Motion compensation, performed by motion compensation unit 44, may involve
fetching or generating the predictive block based on the motion vector determined by
motion estimation, possibly performing interpolations to sub-pixel precision. Upon
receiving the motion vector for the PU of the current video block, motion compensation
unit 44 may locate the predictive block to which the motion vector points in one of the
reference picture Hists, Video encoder 20 formas 2 residual video block by subtracting
pixel values of the predictive block from the pixel values of the current video block
being coded, forming pixel difference valoes. The pixel difference values form residual
data for the block, and may mclude both luma and chroma difference components.
Summer 50 represenis the component or coraponents that perform this subtraction
operation. Motion compensation unit 44 may also generate syntax elements associated
with the video blocks and the video slice for use by video decoder 30 in decoding the
video blocks of the video shce.

160971 Intra prediction processing unit 46 may intra-predict a current block, as an
alernative to the inter-prediction performed by motion estimation unit 42 and motion
compensation unit 44, as described above. In particular, intra prediction processing unit
46 may detormine an intra-prediction mode to use to encode a current block. In some

examples, intra prediction processing vnit 46 may encode a current block using various
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mtra-prediction modes, ¢.g., during separate encoding passes, and intra prediction
processing vuit 46 {or mode sclect unit 40, in some examples) may select an appropriate
intra-prediction mode to use from the tested modes. For example, intra prediction
processing unit 46 may calculate rate-distortion values using a rate-distortion analysis
for the various tested mtra-prediction modes, and select the intra-prediction mode
having the best rate-distortion characteristies among the tested modes. Rate-distortion
analysis generally detormines an amount of distortion (or error) between an encoded
block and an original, unencoded block that was encoded to produce the encoded block,
as well as a bit rate (that 18, a number of bits) used to produce the encoded block. Tntra
prediction processing unit 46 may calculate ratios from the distortions and rates for the
various encoded biocks to determine which intra-prediction mode exhibits the best rate-
distortion value for the block.

[8098] In any casce, after selecting an intra-prediction mode for a block, tntra prediction
processing unit 46 may provide information indicative of the selected intra-prediction
mode for the bleck 1o entropy encoding urnit 56. Endropy enceding unit 56 may encode
the information indicating the selected intra-prediction mode i accordance with the
techniques of this diselosure. Video encoder 20 may inclade, in the transmitied
bitstream, configuration data, which may tuchude a plurality of intra-prediction mode
mdex tables and a phirality of modified intra-prediction mode index tables (also referred
to as codeword mapping tables), definitions of encoding contexts for various blocks,
and indications of a most probable intra-prediction mode, an mtra-prediction mode
index table, and a modified intra-prediction roode index table to use for cach of the
contexts.

(80991 After prediction processing unit 41 gencrates the predictive block for the current
video block via cither inter-prediction or ntra-prediction, video encoder 20 forms a
residual video block by subtracting the predictive block frora the currerd video block.
The residual video data in the residual block may be incladed in one or more TUs and
applied to transform processing unit 52. Transform processing unit 52 transforms the
residual video data into residual transform cocfficients using a transform, such as a
discrete cosine transform (BCT) or a conceptually similar transform. Transtorm
processing unit 52 may convert the residual video data from a pixel domainto a
transform domain, such as a frequency domain.

[8188] Transform processing unit 52 may send the resulting transform coctficients to

quantization unit 54. Quantization unit 54 quantizes the transform coefficients to
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further reduce bit rate. The quantization process may reduce the bit depth associated
with some or all of the coefficients. The degree of quantization may be modified by
adjusting a gquantization parameter. In some examples, quantization unit 54 may then
perform a scan of the matrix including the quantized transform coefficionts.
Alternatively, entropy encoding unit 56 may perform the scan.

(8161} Following quantization, entropy encoding unit 56 entropy encodes the quantized
transform coefficients. For example, entropy encoding unit 56 may perform context
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding
(CABAC), syntax-based context-adaptive binary arithmetic coding (SBAC), probability
mterval partitioning entropy (PIPE) coding or another entropy encoding methodology or
technique. Following the entropy encoding by entropy encoding unit 56, the encoded
bitstream may be transmitied to video decoder 30, or archived for later transmission or
retrieval by video decoder 30. Entropy encoding anit 56 may also entropy encode the
motion vectors and the other syntax clements for the current video slice being coded.
18162} Inverse quantization unit 58 and inverse transform processing unit 60 apply
mverse quantization and inverse transformation, respectively, to reconstruct the residual
block in the pixel domain for later use as a reference block of a reference picture.
Motion compensation unit 44 may calculate a reference block by adding the residual
block to a predictive block of one of the reference pictures within one of the reference
picture hists. Motion compensation unit 44 may also apply one or more tnterpolation
filters to the reconstructed residual block to calculate sub-integer pixel values for use in
motion cstimation. Suromer 62 adds the reconstructed residual block 1o the motion
compensated prediction block produced by motion compensation unit 44 to produce 4
reference block for storage in reference pictore memory 64, The reference biock may
be used by motion estimation unit 42 and motion compensation unit 44 as a reference
block to mtor-predict a biock in a subsequent video frame or picture.

(6103} Filering unit 66 may perform a variety of filtering processes. For example,
filtering unit 66 may perform deblocking filtering. That is, filtering unit 66 may receive
& plurality of reconstructed video blocks forming a slice or a frame of reconstructed
video and filter block boumdaries to remove blockiness artifacts from a shice or frame.
In one example, filtering vuit 66 evaluates the so-called “boundary strength” of a video
block. Based on the boundary sirength of a video block, edge pixels of a video block
may be filtered with respect to edge pixels of an adjacent video block such that the

transitions from one video block to another are more difficult for a viewer to peresive,
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16134} In some instances, the variables used by a deblocking filter may be derived from
reconstructed video blocks without a comparison of reconstrocted video blocks to the
original spurce video biocks. Thus, video encoder 20 and video decoder 30 (FIG. 3)
may cach be programmed to perform the same deblocking process on reconstructed
video blocks with minimal additional information regarding the original video frame
coded into the bitstream. However, in some cases, filkering unit 66 may include syntax
clements in the bitstream o indicate whether deblocking should be performed and/or
whether one of a particular type of deblocking modes should be performed. In other
examples, filtering umit 56 may apply a number of additional and/or alternative filters,
such as sample adaptive offset (SAD) filters or other filters.

[8185] According to aspects of this disclosure, video encoder 20 may be contigured to
encode data that indicates a tile configuration and/or a parallel processing configuration
for layers of a multi-layer bitstream.  For example, video encoder 20 may be configured
to encode data of a VPS and/or VPS VUI that indicates a tile configuration for fayers of
& multi-fayer bitstream and/or a paralicl processing contiguration for layers of the multi-
layer bitstream. o particular, with respect to the parallel processing configuration, the
data may indicate whether parallel processing synchronization is performed (e.g.,
entropy coding synchronization, as performed in WFPP).

[8186] In some examples, the data indicating the tile configuration and/or parallel
processing configuration may mchide a nomber of syntax elements. For example, for
cach layer of video data in the multi-layer bitstream, video encoder 20 may encode one
or more syntax elements that indicate whether tiles are enabled in at Jeast one picture 1o
the layer {e.g., such as tiles_cnabled vps flagl 1 | syntax element shown i the example
of Table 1 above). In addition, for each layer for which tiles are enabled, video encoder
20 may also encode one or more syntax clements that indicate whether loop filtering is
applied across tile boundarics, or whether loop filtering acvoss tile boundaries is
disabled {¢c.g., such as the loop_filter across tiles disabled vps flagl 1 ] syntax clement
shown in the cxample of Table 1 above). In some instances, video encoder 20 may also
encode one or more synfax clements that indicate a parallel processing configuration.
For example, video encoder 20 may encode one or more syntax clements that indicate
whether entropy coding synchronization is performed, e.g., via WPP {e.g., such as the
entropy_coding sync enabled vps flagl i | syntax element shown in the example of

Table 1 above).
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16167} FIG. 3 1s a block diagram illustrating an example video decoder 30 that may
inplement the techniques described in this disclosore. In particular, video decoder 306
may be configured to perform wavefront paralie] processing of video data according to
techniques of this disclosure. As noted above, video decoder 30 may be adapied to
perform multiview and/or sealable video coding. For example, video decoder 30 may
be configured to decode a bitstream that conforms to one or more video coding standard
extensions, such as SHVC, MV-HEVC, or 3D-HEVC. However, while reference is
made o specific coding standards, i should be understood that the techniques are not
specific to any one coding standard, and may be implemented with future and/or not vet
developed standards.

(8188} In the example of FIG. 3, video decoder 30 includes video data memory 79, an
entropy decoding unit 80, prediction processing unit 81, inverse quantization unit 86,
mverse transformation processing unit 88, summer 90, reference picture memory 92,
and filtering unit 94. Prediction processing unit 81 includes motion compensation vnit
%2 and intra prediction processing unit 84, Video decoder 30 may, in some examples,
perform a decoding pass generally reciprocal to the encoding pass described with
respect to video enceder 20 from FIG. 2.

(8189 Video data memory 79 may store video data, such as an encoded video
bitstream, to be decoded by the components of video decoder 30, The video data stored
i video data memory 79 may be obtained, for example, from computer-readable
mediom, ¢.g., from a local video source, such as a camera, via wired or wireless
network commuunication of video data, or by accessing physical data storage media.
Video data memory 79 may form a coded picture buffer (CPB) that stores encoded
video data from an encoded video bitstream. Reference picture memory 92 may be
referred to as 3 decoded picture buffer that stores reference video data for use in
decoding video data by video decoder 30, ¢.g., in intra- or inter-coding modes. Video
data memory 79 and reference picture memory 92 may be formed by any of a variety of
memory devices, such as dynamic random access memory {(DRAM), including
synchronous DRAM (SDRAM}, magnetoresistive RAM (MRAM), resistive RAM
(RRAM), or other types of memory devices. Video data memory 79 and reference
picture memory 92 may be provided by the same memory device or separate memory
devices. In various examples, video data memory 79 may be on-chip with other

components of video decoder 30, or off-chip relative to those components.
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161168} During the decoding process, video decoder 30 receives an encoded video
bitstream that represents video blocks of an encoded video slice and associated syntax
clements from video encoder 20. Entropy decoding unit 80 of video decoder 30 entropy
decodes the bitstream to generate quantized coefficients, motion vectors, and other
syntax clements. Entropy decoding unit 80 forwards the motion vectors and other
syntax clements to prediction processing unit 1. Video decoder 30 may receive the
syntax elements at the video shice level and/or the video block level

18111} When the video shice is coded as an intra-coded (1) shice, intra prediction
processing unit 84 of prediction processing unit 81 may generate prediction data for a
video block of the current video shice based on a signaled intra prediction mode and data
from previously decoded blocks of the current frame or picture. When the video frame
18 coded as an inter-coded Gue., 1, P or GPB) slice, motion compensation unit 82 of
prediction processing unit 81 produces predictive blocks for a video block of the current
video slice based on the motion vectors and other syntax clements received from
entropy decoding unit 0. The predictive blocks may be produced from one of the
reference pictures within one of the reference picture lists. Video decoder 30 may
construct the reference frame lists, List 0 and List 1, using default construction
techniques based on refercuce pictures stored in reforence picture memory 92,

(8112} Motion compensation unit 82 determines prediction information for a video
block of the current video slice by parsing the motion vectors and other syntax elements,
and usecs the prediction information to produce the predictive blocks for the current
video block being decoded. For example, motion compeunsation unit 82 uses some of
the received syntax clements to determine a prediction mode {e.g., intra- or inter-
prediction) used to code the video blocks of the video slice, an inter-prediction shice
type (c.g., B slice or P slice), construction information for one or more of the reference
picture lists for the slice, motion vectors for cach tuter-encoded video block of the shee,
mter-prediction status for cach inter-coded video block of the shice, and other
information to decode the video blocks in the current video slice.

16113} Motion compensation unit 82 may also perform interpolation based on
mterpolation filters. Motion compensation unit 82 may use interpolation filters as used
by video encoder 20 during encoding of the video blocks to calculate interpolated values
for sub-integer pixels of reference blocks. In this case, motion compensation unit 82
may determine the interpolation filters used by video enceder 20 from the received

syntax clements and use the interpolation filters to produce predictive blocks.
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18114} Inverse quantization unit 86 mverse quantizes, 1.¢., de-quantizes, the quantized
transform coefficients provided in the bitstream and decoded by entropy decoding onit
80. The inverse quantization process may include use of a guantization parameter
calculated by video encoder 20 for each video block in the video slice to determing a
degree of quantization and, Hkewise, a degree of inverse quantization that should be
applied. Inverse transform processing unit 88 applies an mverse transform, e.g., an
inverse DCT, an inverse integer transform, or a concepiually similar inverse transform
process, to the transform coefficients in order to produce residual blocks in the pixel
domain,

[81158] After motion compensation unit 82 generates the predictive block for the current
video block based on the motion vectors and other syutax clements, video decoder 30
forms a decoded video block by summing the residual blocks from inverse transform
processing unit 88 with the corresponding predictive blocks generated by motion
compensation unit 82, Summer 90 represents the component or components that
perform this summation operation.

16116} Filtering unit 94 may, n some examples, be configured similarly 1o filtering unit
66 of video encoder 20 (FIG. 2). For example, filtering unit 94 may be configured to
perform deblocking, SAQ, or other filtering operations when decoding and
reconstructing video data from an encoded bitstream. The decoded video blocks na
given frame or picture are then stored in reference picture memory 92, which stores
reference pictures used for subseguent motion compensation. Reference picture
memory 92 also stores decoded video for later presentation on a display device, such as
display device 33 of FIG. 1.

(81171 According to aspects of this disclosure, video decoder 30 may be configured to
decode data that indicates a tile configuration and/or a parallel processing configuration
for layers of a moulti-layer bitstream.  For example, video decoder 30 roay be contigured
to decode data of a VPS and/or VPS VT that indicates a tile configuration for layers of
a multi-fayer bitstream and/or a paralle processing configuration for layers of the multi-
fayer bitstream. o particular, with respect to the parallel processing configuration, the
data may indicate whether parallel processing synchronization is performed {e.g.,
entropy coding synchronization, as performed in WPP).

(8118} In some examples, the data indicating the tile configuration and/or parallel
processing configuration may include a number of syntax clements. For example, for

each layer of video data in the multi-layer bitsiream, video decoder 30 may decode one
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or more syntax clements that indicate whether tiles are enabled in at least one pictore in
the layer {e.g., such as tiles_enabled vps flagl 1 ] syntax clement shown in the example
of Table 1 above). In addition, for cach layer for which tiles are enabled, video decoder
30 may also decode one or more syntax clements that indicate whether loop filtering is
applied across tile boundaries, or whether loop filtering across tile boundaries is
disabled {c.g., such as the loop filter across tiles disabled vps flagf 1 | syntax element
shown in the cxample of Table 1 above). In some instances, video decoder 30 may also
decode one or more synfax clements that indicate a parallel processing configuration.
For example, video decoder 30 may decode one or more syntax clements that indicate
whether entropy coding synchronization is performed, e.g., via WPP {e.g., such as the
entropy_coding_syoc_cnabled vps flag[ 1] syntax element shown o the example of
Table 1 above).

(8119} According o aspects of this disclosure, video decoder 30 may perform video
decoding of the video data in accordance with the syntax cloments. For example, video
decoder 30 may assign decoding resources based on the decoded syntax elements and
proceed with decoding the video data.

[6128] FIG. 4A and 4B depict conceptual diagrams showing examples of CTB
synchronization in wavefront parallel processing. 1t should be noted that the examples
of FIG. 4A and FIG. 48 are presented for illustrative purposes. In other examples, more
than two CTB row may be processed in parallel. In addition, a video frame may
comprise more of fewer CTBs in a CTB row than the 7 CTBs that are depicted in FIG.
44 and FIG. 48,

16121} FIG. 4A shows an example of wavetront parallel processing with
synchronization points delayed by one CTB. In the example of FIG. 4A, two CTB rows
are processed (e.g., decoded) in parallel. Decoding of CTB # in CTB row 1, at
synchronization point A, does not begin until decoding of CTH row 0 also reaches
synchronization point A.

18122} In the cxample of FIG. 4A, synchronization point A occurs after decoding of
CTB 010 CTH row ( has been completed. This delay allows for the decoding of syntax
clements and/or pixel information in CTB 0 in row | that rely on decoded syntax
clements and/or pixel information in a CTB directly above, or above and to the left of
the CTB. That is, video decoder 30 may require ceriain syntax elements in CTB G row
10 have already been decoded, in order 1o properly decode syntax elements in CTB ¢

vow b, Synchronization points B-G show other points at which coding of row (0 may be
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finmshed, before coding of row 1 may begin at the corresponding point. As can be seen,
synchronization is required at each CTR. In this context, synchronization does not
necessarily require the decoding at, ¢.g., point A, in both rows to occur simultaneously,
Rather, synchronization merely requires that the decoding of the upper row reaches the
synchronization point before decoding m the lower row may begin at the corresponding
synchronization point.

13123} FIG. 48 is conceptual diagram illustrating snother exarmpic of synchronization
points for wavefront paralic] processing. 1o this exanple, decoding of pixel mformation
and/or syntax clements in a lower CTB row (e.g., CTB row 1) may also depend on
decoded pixel information and/or syntax elements in a CU located to the above and
right of the currently decoded CU. As such, two CTBs inrow O (i.c., CTB 0 and CTB
1) must be decoded before decoding can begin in CTB row 1. As shown in FIG. 48,
video decoder 30 may begin decoding CTB 0 in CTB row 1 when the decoding of CTB
1 in CTB row § has been completed.

163124} As discussed above, syntax elements are typically cocoded by entropy encoder
i video encoder 20. For exarmple, video enceder 20 may encode syntax elements using
CABAC. Each syntax clement may be binarized into one or more bins for application
of CABAC. As such, syntax elemerds for entire C'TBs may be signaled by a single bin
or by many bins. It is desirable to have load balancing for the parsing operation
between the CTBs. If the synchromization of the parsing module is relaxed to be
performed at the beginning of cvery CTB row, instead of at every CTH, load balancing
for parsing of the wavefront substreams (Le., parsing of cach CTH row) may be
achieved. Therefore, in order to eliminate the need for per-CTB synchronization, video
encoder 2{} may be configured such that all syntax elements are decodable without the
use of any syntax clement information from a CTB row above the currently coded CTH.
[8125] WPP, as shown in the examples of FIG. 4A and 48, may be enabled using one
or more syntax elements. For example, as set forth in the HEVC specification, the
syntax element entropy coding sync_enabled flag equal to 1 specifics that a specific
synchronization process for context variables is invoked before decoding the coding tree
unit which ncludes the first coding tree block of a row of coding tree blocks n each tile
in cach picture referring to the PPS, and a specific storage process for context variables
is invoked after decoding the coding tree unit which includes the second coding tree
block of a row of coding tree blocks in each tile in cach picture referring to the PPS. In

addition, the syntax clement entropy_coding_sync_enabled flag being equal to a value
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of 0 specifies that no specific synchronization process for context variables is required
to be invoked before decoding the coding tree unit which includes the fivst coding tree
block of a row of coding tree blocks in cach tile in each picture referring to the PPS, and
no specific storage process for context varables is required te be invoked after decoding
the coding wee unit which includes the second coding tree block of a row of coding tree
blocks in cach tile in each picture reforring to the PPS. In some instances, the
entropy_coding sync_enabled flag syntax clement may be used to control the
synchronization described above with respect to FIGS. 4A and 48.

16126} FIG. 5 1s a conceptual diagram illustrating another example of synchronization
poinds for parallel processing of video block rows. In the example of FIG. 5, video
encoder 20 and video decoder 30 are configured to parse all syntax elemenis without
using any information from a CTB row above the currently coded CTB row. As such,
the parsing part of wavefront parallel processing may proceed from a single
synchronization point at the beginning of the CTB row, as any differences in parsing
complexity and parsing time between the rows have no bearing on another row.

16127} As shown in FIG. 5, coding of CTB row 0 may begin before the coding of CTB
row |, as predictive coding techniques (e.g., inter-prediction or intra-prediction) used
during the reconstruction process may still rely on pixel information in the row above,
As shown n FIG. §, processing of CTB row | may begin as soon as reconstruction of
CTB 1in CTB row 0 is complete. However, umlike the example of FIG. 4A and FIG.
48, no further synchronization points are used for processing CTB rows §and 1. As
such, a first plurality of CTB rows may be processed in parallel, using the two CTB
delay, with only one synchronization point, 1.e., synchronization point A°. A second
plurality of CTB rows {i.c., CTB rows 2 and 3) may be coded in paraliel by video
encoder 20 or video decoder 30 using a single synchronization point B’ after the first
plurality of CTB rows are processed. In the exanple of FIG. 5, the first and second
groups of CTB rows include two CTB rows. However, more than two CTH rows may
be processed in parsltiel using the techniques of this disclosure.

163128} According to aspects of this disclosure, video encoder 20 may be configured to
encode data that indicates a parallel processing configuration for layers of a muiti-layer
bitstream. For example, video encoder 20 may be configured to encode data of a VPS
and/or VPS VU that indicates a parallel processing configuration for layers of the
owilti-tayer bitstream. In particular, with respect to the parallel processing

configuration, the data may indicate whether paralle] processing synchronization, such
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as that described above with respect to FIGS. 4A — S is performed. Likewise, video
decoder 30 may be configured to decode such data, e.g., from a VPS and/or VPS VUL
(8129} In some examples, the data indicating the parallel processing configuration may
include a number of syntax elersents. For example, video encoder 20 may encode one
or more syntax elements that indicate whether entropy coding synchronization is
performed in any pictures of a layer in a moelti-layer bitstream. That is, video encoder
2 may provide an carly indication, using the VPS, of whether entropy coding
synchronization enabled performed in layers of the multi-layer bitstream (c.g., duc to
the VPS occurring relatively earlicr in the bitstream than the parameter sets actually
enabling the entropy coding synchronization, sach as a PPS). Inan example for
purposes of illustration, video enceder 20 may encode a
entropy_coding_sync_enabled vps_ flag 1 ] syntax element that indicates whether the
value of the syntax element entropy_coding syne cnabled flag is equal to T for cach
PPS that is referred to by at least one picture of a particolar layer. Video decoder 30
may also be configured to decode such information from the VPS. Video decoder 30
may, in some instances, use such mformation to assign system resources for decoding
the multi-layer video data.

[8138] FIQG. 6 15 a conceptual diagram illustrating example tiles in accordance with the
HEVC standard. Using the tile structare shown in FIG. 6 may, in some mstances, make
a codec more parallel-friendly. HEVC defines tiles as an integer number of CTRBs co-
occurring in one column and one row, ordered consecutively in g CTB raster scan of the
tile. The division of each picture indo tiles may be referred to as a partitioning. Tiles in
a picture are ordered consecutively in the file raster scan of the picture as shown in FIG.
6.

(8131} For example, FIG, 6 illustrates an example CTB coding order for 2 picture 96
that is partitioned into nwultiple tiles 98A, 98B, 98C, 98D, 98E, 98F, 948G, U8H, and 981
{collectively, “tiles 987, with tile boumdaries indicated by the thick Hnes. Fach square
block in picture 96 represents 2 pixel block associated with a CTB. The mumbers in the
pixel blocks indicate positions of the corresponding CTBs {e.g., LCUs} in a tile coding
order for picture 96, As illustrated i the example of FIG. 6, CTBs in tile 98A are
ceded first, followed by CTBs in tile 98B, followed by CTBs i tile 98C, followed by
CTBs in tile 98D, followed by CTBs in tile 98E, followed by CTBs in tile 98F,
followed by CTBs in tile 980, followed by CTBs tntile 98H, and followed by CTBs in

tile 981, Within each of tiles 98, the CTBs are coded according to a raster scan order,
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18132} The number of tiles and the locations of their boundaries may be defined for the
entire sequence or changed from picture to picture. Tile boumdaries, similarly to shice
boundaries, break parse and prediction dependences so that a tile can be processed
independently. However, in some instances, in-loep filters {¢.g., de-blocking and
sample adaptive offsct (SAQ) filters) may still cross tile boundaries. For example,
HEVC provides for a loop filter across tiles enabled flag syntax element specified in
a PPS. When the value of the loop_filter across tiles enabled flag syntax clement is
cqual to 1, in-loop filtering operations may be performed across tile boundaries in
pictures referring 1o the PPS. A loop filter across tiles enabled flag syntax element
being equal to a value of O specifies that in-loop filtering operations are not performed
across tile boundaries in pictures referring to the PPS.

8133} Using tiles may enbance parallelism, because no (or relatively little)
commumcation is needed between processors or processor cores for entropy decoding
and motion compensation reconstruction. In addition, tiles may exhibit a relatively
better coding efficiency when compared to slices, because tiles allow picture partition
shapes that contain samples with potentially higher correlation than shices. Tiles may
also reduce slice header overhead.

[6134] When a tile is used in single-layer coding, the syntax elemerd

min_spatial segmentation_ide may be used by a video decoder (such as video decoder
30y to calculate the maximum nomber of fuma samples to be processed by ong
processing thread, making the assumption that video decoder 30 maximally utilizes the
parallel decoding information. When vot cqual 1o 0, 2 min_spatial_segmentation_ide
syntax element may help to establish a bound on the maximurm possible size of distinct
coded spatial segmentation regions in the pictures of the coded video sequence. In
HEVC there may be some picture inter-dependencics between the different threads, e.g.,
due to entropy coding synchronization or de-blocking filtering across tile or slice
boundaries. Such inter-dependencies may affect the manner in which video decoder 30
assigos rescurces for decoding video data, as described herein

16135} According to aspects of this disclosure, video encoder 20 may encode data that
ndicates a tile configuration for layers of a multi-layer bitstream. For example, video
encoder 2 may encode data of a VPS and/or VPS VUI that mdicates whether tiles, such
as the tiles shown and described above with respect to FIG. 6, are coabled for s
particular layer of a moulti-layer bitstream.  Additionally or aliernatively, video encoder

20 may encode data that indicates whether loop filtering across tiles 1s enabled or

SUBSTITUTE SHEET (RULE 26)



WO 2015/057677 PCT/US2014/060445

L9
~1

disabled. Video decoder 30 may be configured to decode such data, ¢.g., froma VPS
and/or VPS5 VUL

(8136} In some examples, the data indicating the tile configuration may include a
sumber of syntax clements. For example, for cach layer of video data i the multi-layer
bitstream, video encoder 20 may cocode one or more syntax elements that indicate
whether tiles are enabled in at least one picture in the layer. In addition, for each layer
for which tiles are enabled, video encoder 20 may also encode one or more syntax
clements that indicate whether loop filtering is applied across tile boundaries, or
whether loop filtering across tile boundaries is disabled. In this mamner, video encoder
20 may provide an early indication, using the VPS, of a tile configuration (e.g., whether
tiles are cnabled and/or whether filtering roay be applied across tiles) for layers of the
multi-layer bitstream {¢.g., due to the VPS occurring relatively earlier in the bitstream
than the parameter sets actually enabling the entropy coding synchronization, sach as a
PPS),

163371 In an example for purposes of tHustration, video euncoder 20 may cocode a
tiles_enabled wvps flagl i | syntax clement that indicates whether the value of the

tiles enabled flag is equal to 1 for each PPS that is referred to by at least one pictare of
a particular layer. Additionally or alternatively, video encoder 20 may encode a

loop filter across tiles disabled vps flagl 1 ] syntax element that indicates whether the
value of the loop filter across tiles enabled flag is eqoal to U for cach PPS that is
referred to by at least one picture of a particular layer. Video decoder 30 may also be
configured to decode such intformation from the VPS. Video decoder 30 may, in some
mstances, use such information to assign system resources for decoding the muhti-layer
video data.

(8138} FIGS. 7 - 10 illustrate a variety of multi-layer coding techniques that may be
used in conjunction with the technigues of this disclosure. For example, the techuigues
may be applied to texture view components, depth view components, and the various
tcmmporal, spatial, and quality layers, as described herein.

163139) FIG. 7 is a conceptual diagram dlustrating an example MV C prediction pattern.
While FIG. 7 is described with respect to H.264/AVC and MVC, it should be
understood that a similar prediction pattern may be used with other multiview video
ceding schemes, including MYV-HEVC, 3D-HEVC {a multiview plos depth extension to
HEVC), and multiview using scalable video coding (see, for example, the scalable video

coding example described with respect 1o FIGS. 8-10). Thus, references 1o multiview
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coding and/or MV below apply to multiview video coding in general, and ave not
restricted to H264/MVC.

[8148] In the example of FIG. 7, cight views (having view {Ds “SO” through “S77) are
illustrated, and twelve temporal locations (“T0” through “T117) are hlustrated for cach
view. That is, each row in FIG. 7 corresponds to a view, while each column indicates a
temporal location.

18141} Although MV has a so-called base view which is decodable by H.264/AVC
decoders and sterco view pair could be supported also by MV C, the advautage of MVC
is that it could sapport an example that uses more than two views as a 3D video mput
and decodes this 3D video represented by the multiple views. A renderer of a clent
having an MV decoder may expect 3D video content with multiple views,

(8142} Pictures m FIG. 7 are indicated at the intersection of each row and each column
m FIG. 7 using a shaded block inchiding a letter, designating whether the corresponding
picture is intra-coded (that is, an i-frame)}, or inter-coded in one divection (that is, as a P-
frame) or in multiple directions (that 15, as a B-frame). In general, predictions are
indicated by arrows, where the pointed-to picture uses the point-from object for
prediction reference. For example, the P-frame of view 52 at temporal location TO s
predicted from the Hrame of view S0 at temporal location TC.

(68143} As with single view video encoding, pictures of 8 multiview video coding video
sequence may be predictively encoded with respect to pictures at different temporal
focations. For example, the b-frame of view 50 at temporal location T1 has an arrow
pointed to it from the Hrame of view S0 at temporal location TU, indicating that the b-
frame is predicted from the I-frame. Additionally, however, in the context of multiview
video encoding, pictures may be inter-view predicted. That 13, a view component can
use the view components in other views for reference. In MVC, as an example of
oltiview video coding, inter-view prediction 1s realized as if the view component in
another view is an inter-prediction reference. The potential inter-view references are
signaicd in the Sequence Parameter Set (SPS) MV extension and can be modified by
the reference picture list construction process, which enables flexible ordering of the
mter-prediction or inter-view prediction references.

[8144] In MV, inter-view prediction 1s allowed among pictores in the same access unit
{that is, with the same time instance). An access unit is, gencrally, a unit of data
including all view components (e.g., all network abstraction layer (NAL) units) for a

common temporal instance. Thus, in MVC, inter-view prediction is permitted among
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pictures m the same access unit. When coding a picture n one of the non-base views,
the pictore may be added into a reference picture hist, if it is in a different view but with
the same time instance (e.g., the same POC vahie, and thus, in the same access unit),
An inter-view prediction reference picture may be put in any position of a reference
picture fist, just like any inter prediction reference picture.

[8145] FIG. 7 provides various examples of inter-view prediction. Pictares of view 31,

~
‘
7

in the example of FIG. 7, are illustrated as being predicted from pictures at different
temporal locations of view 51, as well as inter-view predicted from pictures of views S0
and 52 at the same temporal locations. For example, the b-frame of view S1 at temporal
location T1 is predicted from cach of the B-frames of view S1 at temporal locations T
and T2, as well as the b-frames of views SO and S2 at temporal location T1,

[68146] In the example of FIG. 7, capital “B” and lowercase *b” are intended to indicate
different hierarchical relationships between pictures, rather than different encoding
methodologies. In general, capital “B” pictures are relatively higher in the prediction
hierarchy than lowercase “b” pictures. FIG. 7 also illustrates variations in the prediction
hierarchy using different levels of shading, where a greater amount of shadmmg (that is,
relatively darker) pictures are higher in the prediction hierarchy than those pictures
having less shading (that is, relatively lighter). For example, all I-frames in FIG. 7 arc
lustrated with full shading, while P-frames have a somewhat lighter shading, and B-
frames (and lowercase b-frames) have various levels of shading relative to each other,
but always lighter than the shading of the P-frames and the I-frames.

16347} In general, the prediction hierarchy is related to view order indexes, in that
pictures relatively higher in the prediction hicrarchy should be decoded before decoding
pictures that are relatively lower in the hierarchy, such that those pictures relatively
higher in the hierarchy can be used as reference pictures during decoding of the pictures
relatively lower in the hicrarchy. A view order fndex is an index that indicates the
decoding order of view components in an access unit. In this manner, pictures used as
reference pictures may be decoded before decoding the pictures that are encoded with
reference to the refercoce pictures.

18148} According to aspects of this disclosure, video encoder 20 may encode data that
indicates a tile configaration and/or a parallel processing configuration for layers of a
multi-layer biistream, such as the views 50-87 shown in the example of FIG. 7. For
example, video encoder 20 may cucode data of a VPS and/or VPS VUI that indicates a

tile configuration for views of the multi-view video data shown in the example of FIG.
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7. For example, video encoder 20 may encode data of a VPS and/or VPS VU that
indicates whether tiles, such as the tiles shown and described above with respect to FIG.
6, arc cnabled for a particular view of the multi-view video data. Additionally or
alternatively, video encoder 20 may encode data that indicates whether loop filtering
across tiles 15 enabled or disabled. Video decoder 38 may be configured to decode such
data, e.g., from a VPS and/or VPS VUL

184149} Additionally or alternatively, video encoder 20 may encode data of a VPS and/or
VPS VUI that indicates a paraliel processing configuration for views of the nwlti-view
video data shown in the example of FIG. 7. For example, video encoder 20 may encode
data of a VPS and/or VPS VUI that indicates whether the synchronization described
above with respect to FIGS. 4A-3, is enabled for pictures of a particular view of the
multi-view video data. Video decoder 30 may be configured to decode such data, eg.,
from a VPS and/or VPS VUL

13158} FIG. ¥ is 3 conceptual diagram tliustrating various scalable dimensions for
scalable video coding (SVC). In this exaniple, scalabilitics arc enabled in throe
dimensions. In the time dimension, frame rates with 7.5 Hz, 15 Hz or 30 Hz can be
supported by temporal scalability {T). When spatial scalability (8) is supported,
different resolutions, such as QCIF, CIF, and 4CIF, may be enabled. For cach gpecific
spatial resohution and frame rate, signal-to-noise (SNR) {Q) layers can be added to
improve the picture quality.

18151} Once video content has been encoded in such a scalable way, an exiractor tool
may be used to adapt the actual delivered content according to application requirements,
which may be dependent, ¢.g., on the clients or the transmission channel. In the
example shown in FIG. 8, each cubic volume, 1.¢., cube, contains the pictures with the
same frame rate {temporal level), spatial resofution and SNR layers. Better
representation can be achieved by adding those cubes (pictures) in any dimension.
Combined scalability may be supported when there are two, three or even more
scalabilitics enabled.

16152} According to the SVC specification, the pictures with the lowest spatial and
quality layer are compatible with H.264/AVC, and the pictures at the lowest temporal
level form the temporal base layer, which can be enhanced with pictures at higher
temporal levels. in addition to the H.264/AV compatible layer, several spatial and/or
SNR enbancement layers can be added to provide spatial and/or quality scalabilities.

SNR scalability s also referred to as quality scalability. Fach spatial or SNR
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enhancement layer itself may be temporally scalable, with the same temporal scalability
structure as the H.264/AVC compatible layer. For one spatial or SNR enhancement
layer, the lower layer it depends on is also referred to as the base layer of that specific
spatial or SNR enhancement layer.

{8183} FIQG. 9 15 a conceptual diagram ilustrating an example of the SVC coding
structure. In this example, the pictures with the lowest spatial and quality layer
{pictures in layer O and layer 1, with QCIF resolution) are compatible with H264/AVC.
Among them, those pictures of the lowest teraporal level form the tenporal base layer,
as shown in layer 0 of FIG. 9. This temporal base laver (layer () can be enhanced with
pictures of higher temporal levels (layer 1). In addition to the H264/AVC compatible
layor, several spatial and/or SNR enlencement layvers can be added to provide spatial
and/or quality scalabilities. For mstance, the enhancement layer can be a CIF
representation with the same resohution as layer 2. In this example, layver 3 is a SNR
enhancement layer. As shown in this example, cach spatial or SNR enhancement layer
itself may be temporally scalable, with the same temporal scalability structure as the
H.264/AVC compatible layer. Also, an enhancement layer can enhance both spatial
resolation and frame rate. For example, layer 4 provides a 4CIF enbhancement layer,
which further increases the frame rate from 15 Hz to 30 Hz.

[81584] G 10 15 a conceptual diagram llustrating example access units (Alls). Hach
AU mnchudes one or more shices, encapsulated within network abstraction layer (NAL)
units. There may be zero or more NAL units per access unit per layer. A sct of NAL
units corresponding o one layer within one AU may be referred to as a “layer
component.” The example of FIG. 10 porrays layer components corresponding to the
layer components of FEG 9. As shown in the example of FIG. 10, the coded shices in the
same time instance {i.c., within a common AU} are successive in the bitstream order and
form one access unit in the condext of SV, Those SV access units then follow the
decoding order, which could be different from the display order and decided, ¢.z., by the
temporal prediction relationship.

16155} Scalable extensions of H.264/AVC (Advanced Video Coding) are described
below. Some functionalities of SVC are inherited from H.264/AVC. Compared with
previcus scalable standards, some of the greatest advantages of the SVC extension to
H.264/AVC, namely inter-layer prediction and single-loop decoding, are reviewed

below,
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18186} The SVC extension of H.264/AVC supports single loop decoding. With single-
loop decoding, each supported layer can be decoded with a single motion compensation
toop. To achicve this, the usage of inter-layer intra-prediction is only allowed for
enhancement layer macro blocks, for which the collocated reference layer signal is
mira-coded. It is further required that all layers that are used 1o inter-layer predict
higher layers are coded using constrained intra-prediction.

13157} The SV extension of H.264/AVC also supports inter-layer prediction. SVC
ntroduces inter-tayer prediction for spatial and SNR scalabilitics based on texture,
residue and motion. Spatial scalability in SVC has been generalized to any resclution
ratic between two layers. SNR scalability can be realized by Coarse Granularity
Scalability (CGS) or Medium Granularity Scalability (MGS). In SVC, two spatial or
C(5 layers belong to different dependency layers (indicated by the syntax element
dependency_id in NAL unit header), while two MGS layers can be in the same
dependency layer. One dependency layer includes quality layers with the value of the
syntax element quality id from 0 to higher values, correspounding to quality
enhancement layers. n SVC, inter-layer prediction methods are utihized to reduee inter-
layer redundancy.

[8158] As noted abaove, similar to H.264/AVC, HEVC will also have scalable video
coding extension, currently called SHVC, which will at least provide temporal
scalability, SNR scalability and spatial scalability. In SHVC, to achieve inter-layer
texture prediction, the reference layer reconstructed samples are first up-sampled when
the resclution of the reference layer is lower thao that of the enhancement layer. Fven
in the SNR scalability case, the reference layer samples may be filtered before being
vsed for inter-layer prediction to obtain higher coding efficiency. The up-sampling or
inter-layer filtering process may be performed for whole layer pictures, which may also
be referred to as Jayer components or stmply pictures. To SHVC, a multi-loop decoding
structure may be used and a video decoder (such as video decoder 30) may process
different layers in paraliel

183159] According to aspects of this disclosure, video encoder 20 may encode data that
ndicates a tile configuration and/or a parallel processing configuration for layers of a
multi-layer bitstream, sach as the scalable layers shown in the examples of FIGS. § -
10. For example, video encoder 20 may encode data of 8 VPS and/or VPS VU that
indicates a tile configuration for layers of scalable video data shown in the examples of

FIGS. 8 — 10, For example, video encoder 20 may encode data of a VPS and/or VPS
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Vi that indicates whether tiles, such as the tiles shown and described above with
respect to FIQ. 6, are enabled for a particalar layer of scalable video data. Additionally
or alternatively, video encoder 20 may encode data that indicates whether loop filtering
across tiles is enabled or disabled. Video decoder 30 may be configured to decode such
data, e.g., from a VPS and/or VPS VUL

{8168} Additionally or alternatively, video encoder 20 may encode data of a VPS and/or
YPS VUT that indicates a parallel processing configuration for layers of scalable video
data, such as the layers shown in FIGS. § — 10, For example, video encoder 20 may
encode data of a VPS and/or VPS VUI that indicates whether the synchronization
described above with respect to FIGS. 4A-5, 1s enabled for pictures of a particular layver
of scalable video data. Video decoder 30 may be configured to decode such dats, e.g.,
from a VPS and/or VPS VUL

(8161} FIG. 11 iHustrates a technique for processing video data consistent with this
disclosure. While described with respect to video encoder 28 (FIGS. | and 2) for
purposes of example, the technigues of this disclosure may be performed using a variety
of other processors. In addition, the particular process shown in FIG. 11 1s provided for
purposes of example. In other examples, a process consistent with the techuniqoes of this
disclosure may include more, fewer, or an alternative arrangement of steps.

8162} Video encoder 20 may determine a tile configuration for layers of multi-layer
video data (110). For example, video encoder 20 may determine whether to use tiles
when encoding the layers of video data. Video encoder 20 may also determine whether
to apply loop filters across tile boundaries when encoding the fayers of video data. In
some examples, video encoder 20 may determine whether to use tiles and whether to
apply loop filters across tile boundaries based on a rate-distortion analysis.

18163} Video encoder 20 may also determine a parallel processing configuration for
coding the lavers of video data (112). For example, video encoder 20 may determine
whether to apply WPP, as well as the manner i which WPP is performed, as described
in the examples above with respeet fo FIGS. 4A - 5. Video encoder 20 may then
encode the layers of the rouiti-layer video data using the deterodned tile configuration
and paralle]l processing configuration {1 14). For example, video encoder 20 may
perform intra- or inter-prediction of video data (inchuding inter-layer prediction), as
described above.

(8164} According to aspects of this disclosure, video encoder 20 may also cncode data

that indicates the tile configuration and the parallel processing configuration {116). For
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example, video encoder 20 may encode data of & VPS and/or VPS VUT that indicates a
tile configuration for layers of the multi-layer bitstream and a parallel processing
configuration for layers of the multi-layer bitstrecam. In an example for purposes of
illustration, video encoder 20 may encode one or more syntax elements that mdicate
whether tiles are enabled in at least one picture n the layer (e.g., such as
tiles_cnabled vps flagl 1 | syntax element shown in the example of Table | above). In
addition, for each layer for which tiles are enabled, video encoder 20 may also encode
one of more syntax cloments that indicate whether loop filtering is applied across tile
boundaries, or whether loop filtering across tile boundaries 1s disabled (¢.g., such as the
loop fiker across tiles disabled vps flagf i ] syntax clement shown in the example of
Table 1 above). Video encoder 20 may also encode one or more syntax elements that
mdicate a parallel processing configuration. For example, video encoder 20 may
encode one or more syntax elements that indicate whether entropy coding
synchronization is performed, e.g., via WPP {c.g., such as the

entropy_coding sync_enabled vps_flag| 1 | syntax clement shown in the example of
Table 1 above).

[8165] FIG. 12 illustrates another technique for processing video data consistent with
this disclosure. While described with respect to video decoeder 30 (FIGS. 1 and 3) for
purposes of example, the techmiques of this disclosure may be performed using a variety
of other processors. In addition, the particular process shown in FIG. 12 is provided for
purposes of example. In other examples, a process consistent with the techniques of this
disclosure may include more, fewer, or an alternative arrangement of steps.

16166} Video decoder 30 may receive a multi-layer bitstream (120). For example,
video decoder 30 may receive a bitstream that conforms to a particular video coding
standard, such as the HEVC standard or its extensions (e.g., such as MV-HEV(C, 3D-
HEVC, SHVC, or the like).

(81671 According to aspects of this disclosure, video decoder 30 may decode data that
indicates a tife configuration (122). Video decoder 3¢ may also decode data that
indicates a parallel processing configuration (124). For example, video decoder 30 may
decode data of a VPS and/or VPS VUT that indicates a tile configuration for the layvers
of the multi-layer bitstream and a parallel processing configuration for the layers of the
multi-layer biistream. In an example for purposes of ilfusiration, video decoder 30 may
decode one or more syntax clements that indicate whether tiles are enabled in at least

one pictire in the layer (e.g., such as tiles_enabled vps flagl 1 ] syntax element shown

SUBSTITUTE SHEET (RULE 26)



WO 2015/057677 PCT/US2014/060445

in the example of Table 1 above). In addition, for each layer for which tiles are enabled,
video decoder 30 may also decode one or more syntax elements that indicate whether
toop filtering is applicd across tile boundaries, or whether loop filicring across tile
boundaries is disabled (c.g., such as the loop_filter_across_tiles disabled vps flag[i ]
syntax clement shown in the example of Table 1 above). In some instances, video
decoder 30 may also decode one or more syntax elements that indicate a parallel
processing configuration. For example, video decoder 30 may decode one or more
syntax elements that indicate whether entropy coding synchronization is performed,
e.g., via WPP {e.g., such as the entropy_coding sync_enabled vps flagl 1 ] syntax
clement shown in the example of Table 1 above).

(8168} In some instances, video decoder 30 may then assign decoding resources for
decoding the nmlti-layer data (126). For example, according to aspeets of this
disclosure, the mnformation described above may provide an carly indication of the tile
configuration and/or parallel processing configuration of video data, ¢.g., prior to
decoding pictures of the video data. Video decoder 30 may assigo particular tiles of
video data (if enabled) to be decoded by particular processing cores. Video decoder 390
may, when assigning resources, constder whether loop filtering may be apphied across
tile boundarics. In addition, video decoder 30 may determine decoding resources based
on the paralle] processing configuration (e.g., WPP configuration) of pictures within a
particular layer. Video decoder 30 may then decode the muiti-layer video dats, e.g.,
using a reciprocal process as applied by video encoder 20 (128).

16169} Certain aspects of this disclosure have been described with respect to the HEVC
standard and extensions of the HEVC standard for purposes of illustration. However,
the techniques described in this disclosure may be useful for other video coding
processes, including other standard or proprictary video coding processes not yet
developed.

(81781 A video coder, as described in this disclosure, may refer to a video encoder or a
video decoder. Similarly, a video coding unit may refer to a video encoder or a video
decoder. Likewise, video coding may refer to video encoding or video decoding, as
applicable.

[8171] Rt is to be recognized that depending on the example, certain acts or events of
any of the technigues described herein can be performed in 8 different sequence, may be
added, merged, or left out altogether (e.g., not all described acts or events arc necessary

for the practice of the techniques). Moreover, in certain examples, acts or events may
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be performed concurrently, ¢.g., through multi-threaded processing, mierrupt
processing, or multiple processors, rather than sequentially.

(8172} In one example, video decoder 30 may be configured to parse one or more
syntax clements corresponding to video data, wherein the one or more syntax clements
mdicate one or more of a tile configuration, a loop filter configuration, and a paraliel
processing configuration, and perform paraliel decoding of the video data in accordance
with the one or more syntax cloments., Video decoder 30 may be configured to receive
the one or more syntax clement in a video parameter set.

181731 In one example of the disclosure, the one or more syntax elements include a
tiles enabled vps flag that indicates the tile configuration for each pictare parameter
set referred to by at least one picture of the video data, a

loop filter across tiles disabled vps flag that indicates the loop filter configuration
for each picture parameter set referred to by at least one pictare of the video data, and an
entropy_coding sync_enabled vps_flag that indicates the paralle]l processing
counfiguration for each picture parameter set referred to by at least one picture of the
video data.

{8174} In ancther example of the disclosure, the one or more syntax elements include a
paralicl tools _vps ide syntax clement, the parallel tools vps_ide symtax element
mdicating both the tile configuration and the parallel processing configuration for each
layer of the video data referring to the video parameter set.

18175} In another example of the disclosure, the one or more syntax elements tnclode a
parallel tools vps ide syntax clement, the parallel fools vps ide syntax element
ndicating both the tile configuration and the parallel processing configuration for each
picture parameter set referred to by at least one picture of the video data.

(8176} In ancther example of the disclosure, the one or more syntax elements include a
tile_entropy syne coding not mixed flagand a

loopfilter across_tile boumdary not_mixed tlag, wherein the
tile_entropy_sync_coding not mixed flag indicates the tile configuration and the
parallel processing configuration for cach picture paramcter set referred to by at lcast
one picture of the video data, and wherein the

loopfilter across tile boundary not mixed flag indicates the loop filter configuration
for cach picture parameter set referred to by at least one picture of the video data.
(8177} In another exanple of the disclosure, video encoder 20 may be contigured 1o

determine one or more syniax elements corresponding to video data, wherein the one or
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more syntax clements indicate one or more of a tile configuration, a loop filter
configuration, and a parallel processing configuration, perform parallel encoding of the
video data in accordance with the one or more syntax clemenis, and signal the one or
more syrdax elements. Video encoder 20 may signal the one or more syntax ¢lement in
a video parameter set.

[#178] In one example of the disclosure, the one or more syntax slements include a
tiles _enabled vps flag that indicates the tile configuration for cach picture parameter
set referred to by at least one picture of the video data, 2

loop_fiker across_tiles disabled vps flag that indicates the loop filter configuration
for each picture parameter sct referred to by at least one picture of the video data, and an
entropy_coding_sync_cnabled vps_flag that indicates the paraliel processing
configuration for cach picture parameter set referred to by at least one picture of the
video data.

181791 In another example of the disclosure, the one or more syntax elements fnclode a
parallel tools vps ide syntax clement, the parallel fools vps ide syntax element
ndicating both the tile configuration and the parallel processing configuration for each
layer of the video data referring to the video parameter set.

(8188} In avother example of the disclosure, the one or more syntax clemeunts nclude a
parallel tools vps ide syntax element, the parallel tools vps_ide syntax element
mdicating both the tile configaration and the parallel processing configuration for each
picture paramcter sct referred to by at least one picture of the video data.

16181} In another cxaropie of the disclosure, the one or more syntax elements nclude a
tile_entropy_sync_coding not_mixed flagand a

loopfilter across tile boundary not mixed flag, wherein the
tile_cntropy sync coding not mixed flag indicates the tile configuration and the
paralici processing contiguration for cach picture parameter set referced to by at least
one picture of the video data, and wherein the
foopfilter_across tile boundary not mixed flag indicates the loop filter configuration
for each picture parameter set referred to by at least one picture of the video data.
18182} In one or more examples, the functions described may be mmplemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over, as one or more instructions or code,
a computer-readable meedium and executed by a hardware-based processing umnit.

Computer-readable media may include computer-readable storage media, which
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corresponds to a tangible medium such as data storage media, or communication media
imchiding any mediom that facilitates transfer of a computer program from one place to
another, ¢.g., according {0 a communication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {2) a communication medium such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
ONC OF MOTe COMPUEETs OF 0N¢ OF MOIC PIOCessors 1o retriove instructions, code and/or
data structures for implementation of the technigues described 1u this disclosure. A
computer program product may include a computer-readable medium.

[6183] By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, C-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medivim that
can be used to store desired program code in the form of mstractions or data structares
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if jnstructions are transmitted from g
website, server, or other remote source using a coaxial cable, fiber optic cable, twiste
pair, digital sebscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included n the definition of
medinm. 1t should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transient
media, but are instead directed to non-transient, tangible storage media. Disk and dise,
as used herein, includes compact disc (CD), laser dise, optical disc, digital versatile disc
{(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

{8184} Instractions may be executed by one or more processors, such as one or more
digital signal processors {DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), ficld progranumable logic arrays (FPGAs), or other
equivalent integrated or diserete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing struchire or any other structare suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described beremn may be previded within dedicated hardware and/or

software modules configured for encoding and decoding, or incorporated in a combined
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codec. Also, the techniques could be fully implemented in one or more circuits or logic
clements.

{8185} The techuiques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, artintegrated civcuit (JC) or a set of
ICs {e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in g codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as deseribed above, in conjunction with suitable software and/or firmware.
(8186 Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED 1S:

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

decoding, from a video parameter sot (VPS) of a multi-layer bitstream, data that
mdicates at least one of a tile configuration for layers of the multi-layer bitstream or 4
parallel processing configuration for layvers of the multi-layer bitstream; and

decoding the multi-layer bitstream in accordance with the data decoded from the

YPS.

2. The method of claim |, wherein decoding the data that indicates the tile
configuration conprises decoding, for each layer of the multi-layer bitstream, data that

mdicates whether tiles are enabled for the respective layer of the nuidti-layer bitstream.

3. The method of claim 2, wherein decoding the data that indicates the tile
countiguration further comprises decoding a tiles_cnabled vps_flag syotax clement that
ndicates the tile configuration for each picture parameter st referred 1o by at least one

picture of the respective layer.

4. The method of claim 3, wherein decoding the data that indicates the tile
configuration further comprises decoding a loop filter across tiles disabled vps flag
syntax clement that indicates a loop filter configuration for each picture parameter set
referred to by at least one picture of the respective layer.

5. The method of claim |, wherein decoding the data that indicates the parallel
processing configuration conprises decoding, for each layer of the multi-layer
bitstream, data that indicates whether entropy coding synchronization is performed for

the respective layer of the multi-layer bitstream.

6. The method of claim 5, wherein decoding the data that indicates the parallel
processing configuration further comprises decoding an

entropy coding sync _enabled vps flag syntax element that indicates the paraliel
processing configuration for cach picture parameter set referred to by at least one

picture of the respective layer.
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/. The method of claim {, wherein the data that indicates the tile configuration and
the parallel processing configuration includes a paralle] tools vps ide syntax element,
wherein the parallel tools vps ide syntax element indicates both the tile configuration

and the paraliel processing configuration for each layer of the video data.

8. The method of claim 1, wherein the data that indicates the tile configuration and
the parallel processing configuration includes a
tile_entropy_sync_coding not_mixed flag syntax element and 2
loopfilter_across_tile boundary not_mixed flag syntax clement, wherein the

tile entropy sync coding not mixed flag syntax element indicates the tile
configuration and the parallel processing configuration for cach layer of video data, and
wherein the loopfilter_across_tile boundary not mixed flag syntax clement indicates

the loop filter configuration for each layer of video data.

9. The method of claim 1, further comprising assigning decoding resources of a

video decoder based on the data decoded from the VPS.

19, The method of ¢laim 1, wherein decoding the VPS comprises decoding the VPS8
prior to a sequence of pictures of the multi-layer bitstream, and wherein decoding the
multi-layer bitstream comprises decoding the sequence of pictures in accordance with

the data decoded from the VPS.

1t A method of encoding video data, the method comprising:
encoding, i a video parameter set (VPS) of a multi-layer bitstream, data that
indicates at least one of a tile configuration for layers of the multi-layer bitstream or a
paralic processing configuration for layers of the multi-layer bitstream; and
encoding the multi-layer bitstream inchuding encoding the VPS of the multi-

layer bitstream.
12, The method of claim 11, wherein encoding the data that ndicates the tile

cenfiguration comprises encoding, for cach layer of the multi-layer bitstream, data that

indicates whether tiles arc enabled for the respective layer of the multi-layer bitstreanm.
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13. The method of claim 12, wherein encoding the data that indicates the tile
configuration forther comprises encoding a tiles_enabled vps flag syntax eloment that
indicates the tile configuration for cach picture parameier set referred to by at least one
picture of the respective layer.

14. The method of claim 13, wherein encoding the data that indicates the tile
configuration further comprises encoding a loop filter _across tiles disabled vps flag
syntax element that indicates a loop filter configuration for each picture parameter set

referred to by at least one picture of the respective layer.

15. The method of claim 11, wherein encoding the data that indicates the paraliel
processing configuration comprises encoding, for each layer of the multi-layer
bitstream, data that indicates whether entropy coding synchronization is performed for

the respective layer of the multi-layer bitstrean.

16. The method of claim 15, wherein encoding the data that indicates the parallel
processing configuration further comprises encoding an

entropy_coding svnc_cnabled vps flag syntax clement that indicates the paraliel
processing configuration for cach picture parameter set referred to by at least one

pictare of the respective layer.

17. The method of claim 11, wherein the data that indicates the tile configuration
and the parallel processing configuration includes a parallel tools vps_ide syntax
clement, wherein the paraliel tools vps ide syntax element indicates both the tile

configuration and the parallel processing configuration for cach layer of the video data.

18. The method of claim 11, wherein the data that indicates the tile configuration
and the parallel processing configuration includes a
tile_entropy_sync_coding not_mixed flag syntax element and 2

loopfilter_across_tile boundary_not_mixed flag syntax element, wherein the

tile entropy sync coding not mixed flag syntax element indicates the tile
configuration and the parallel processing configuration for cach layer of video data, and
wherein the loopfilior_across tile boundary not_mixed flag syntax clement mndicates

the loop filter configuration for each laver of video data,
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19 The method of claim 11, further comprising assigning encoding resources of a

video encoder i accordance with the data of the VPS.

20, The method of claim 11, wherein encoding the VPS comprises encoding the
VPS prior to encoding a sequence of pictures of the multi-layer bitstream, and wherein

encoding the multi-layer bitstream comprises encoding the sequence of pictures.

21, Anapparatus that processes video data, the apparatus comprising:
a memory storing multi-layer video data; and
a video coder contigured to:

process data that indicates at least one of a tile configuration for layers of
the multi-layer video data or a parallel processing configuration for layers of the
multi-layer video data, wherein the data is associated with a video parameter set
(VPS) of 2 bitstrear that includes the mulfti-layer video data; and

process the nuidti-layer video data in accordance with the data of the

VPS5,

22, The apparatus of claim 21, wherein 1o process the data that indicates the tile
configuration, the video coder is configured to process, for each layer of the melti-layer
video data, data that indicates whether tiles are enabled for the respective layer of the

multi-fayer video data.

23. The apparatus of claim 22, wherein to process the data that indicates the tile
configuration, the video coder is further configured to process a tiles _enabled vps flag
syntax clement that indicates the tile configuration for cach picture parameter set

veferred to by at least one pictire of the respective layer.

24, The apparatus of clainm 23, wherein to process the data that indicates the tile
configuration, the video coder is further configured to process a

loop filier across tiles disabled vps flag syntax clement that indicates a loop filter
configuration for each picture parameter set referred to by at least one picture of the

respective layer.

SUBSTITUTE SHEET (RULE 26)



WO 2015/057677 PCT/US2014/060445

o
B

25. The apparatus of claim 21, wherein to process the data that indicates the parallel
processing configuration, the video coder is configared to process, for each layer of the
multi-layer video data, data that indicates whether entropy coding synchronization is

performed for the respective layer of the nwiti-layer video data.

26. The apparatus of claim 25, wherein to process the data that indicates the paraliel
processing configuration, the video coder is further configured (o process an
entropy_coding sync_enabled vps flag syntax clement that indicates the paralie]
processing configuration for each picture parameter set referred to by at least one

picture of the respective layer.

27. The apparatus of ¢claim 21, wherein to process the video data, the video coder is
configured to encode the video data, comprising:
determine residual video data for at least one layer of the mmiti-layer video data;
transtorm the residual data; and

encode data representing the transformed residual data in the bitstream.

28.  The apparatus of clatia 21, whercin to process the video data, the video coder is
configured to decode the video data, comprising:

parse the VPS of the bitstream;

parse, after parsing the VPS and from the biistream, data representing residust
video data for at least one layer of the roulti-layer bitstream;

mverse transform the residual data; and

reconstruct the at least one layer of video data based on the inverse transformed

residual data.

29, The apparatus of claim 21, further comprising a display device configured to

present at least one layer of the multi-layer video data.

30. The apparatas of claim 21, further comprising a wireless modem configured to

recetve the multi-layer video data.
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31, Anapparatus that performs video data, the apparatus comprising:

means for processing data that indicates at least one of a tile configuration for
layers of the multi-layer bitstream or 2 parallel processing configuration for layers of the
multi-layer bitstream, wherein the data is associated with a video parameter set {(VPS) of
the multi-layer bitstream; and

means for processing the multi-layer bitsiream in accordance with the data of the

YVPS.

32 The apparatus of claim 31, wherein the means for processing the data that
mdicates the tile configuration comprises a means for processing, for each layer of the
owlti-tayer bitstream, data that indicates whether tiles are enabled for the respective

layer of the multi-layer bitstream.

33, The apparatus of claim 32, wherein the meauns for processing the data that
indicates the tile configuration further comprises a means for processing a
tiles_enabled vps flag syntax clement that indicates the tile configuration for each

picture parameter sct referred to by at least one picture of the respective layer.

34.  The apparatus of claim 33, wherein the means for processing the data that
mdicates the tile configuration further comprises means for processing a

loop filter across tiles disabled vps flag syntax element that indicates a loop filter
counfiguration for each picture parameter set referred to by at least one picture of the

respective layer.

35 The apparatus of claim 31, whercin the means for processing the data that
indicates the paralicl processing configuration coraprises means for processing, for cach
layer of the multi-layer bitstream, data that indicates whether entropy coding

synchronization is performed for the respective layer of the multi-layer bitstream.

36. The apparatus of claim 35, wherein the means for processing the data that
mdicates the parallel processing configuration further comprises means for processing
an eniropy _coding sync_cnabled vps flag syntax clement that indicates the paraliel
processing configuration for cach picture parameter set referred to by at least one

picture of the respective laver,
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37. A non-transitory computer-readable storage medium having instroctions stored
thereon that, when execuied, Cause one oOF MOIC Processors o:

process data that indicates at least one of a tile contiguration for layers of the
multi-layer bitstream or a paralle! processing configuration for lavers of the multi-layer
bitstream, wherein the data is assoctated with a video parameter set (VPS) of the muldti-
layer bitstream; and

process the nlti-layer bitstream in accordance with the data of the VPS.

38. The non-trapsitory computer-readable storage mediom of claim 37, wherein to
process the data that indicates the tile configuration, the instructions cause the one or
more processors to process, for each layer of the multi-layer bitstream, data that

mdicates whether tiles are enabled for the respective layer of the multi-layer bitstream.

34, The non-transttory computer-readable storage mediurm of claim 38, wheren to
process the data that indicates the tile configuration, the instractions further cause the
OBE OF OIS Processors to process a tiles enabled vps flag syntax element that
indicates the tile configuration for cach picture parameter set referred to by at least one

picture of the respective laver,

40.  The non-transitory computer-readable storage mediwm of claim 39, wherein to
process the data that indicates the tile configuration, the instructions further cause the
one oY more processors to process a loop_filter_across tiles disabled vps flag syntax
clement that indicates a loop filter configuration for cach picture parameter set referred
ta by at least one picture of the respective layer.

=
/
/

4%, The non-transitory computer-readable storage medivm of claim 37, wherein 1o
process the data that indicates the paralie] processing configuration, the instructions
cause the one or more processors to process, for cach layer of the multi-layer bitstream,
data that indicates whether entropy coding synchronization is performed for the

respective layer of the multi-layer bitstream.

42. The non-transitory computer-readable storage medium of claim 41, wherein to

process the data that indicates the paralie] processing configuration, the instructions
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further cause the one or Mmore processors 1o Process an
entropy coding sync _enabled vps flag syntax element that indicates the paraliel
processing configuration for cach picture parameter set referred to by at least one

picture of the respective layer.
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