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CROSS-LAYER PARALLEL PROCESSING AND OFFSET DELAY
PARAMETERS FORVIDEO CODING

16061} This application claims the benefit of U.S. Provisional Application No.
61/846,570, filed July 15, 2013, the entire contents of which are incorporated by

reference herein.

TECHNICAL FIELD

{86621 This disclosure relates to 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
systoms, personal digital assistanis (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. Digutal video devices implement video coding techniques, such as
those described n the standards defined by MPEG-2, MPEG-4, ITU-T H.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), the High Efficiency Video
Coding (HEVC) standard presently under development, and extensions of such
standards. The video devices may transmit, receive, encode, decode, and/or store digital
video information more efficiently by implementing such video coding techniques.
[8064] Video coding technigues inchide 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 {e.g., a video frame or a portion
of a video frame} may be partitioned into video blocks, which may also be referred to as
treeblocks, coding units (CUs) and/or coding nodes. Video blocks in an intra-coded (1)
slice of a picture are encoded using spatial prediction with respect to refercnce samples
in neighboring blocks in the same picture. Video blocks in an inter-coded (P or B) slice
of a picture may use spatial prediction with respect to reference samples in neighboring
blocks in the same picture or teruporal prediction with respect to reference sampies in
other refercnce pictures. Pictures may be referred to as frames, and reference pictures

may be referred to a reference frames.
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16045} Spatial or temaporal prediction results in a predictive block fora block to be
ceded. Residual data represents pixel differences between the original block to be
coded and the predictive block. Aninter-coded block is encoded according to a motion
veetor that peints 10 @ block of reference samples forming the predictive block, and the
residual data indicating the difference between the coded block and the predictive block.
An intra-coded block is encoded according to an intra-coding mode and the residual
data. For further compression, the residual data may be transformed from the pixel
domain to a transform domain, resulting in residual wansform coefficients, which then
may be quantized. The quantized transform coefficients, mitially arranged in a two-
dimensional array, may be scanned in order to produce a one-dimensional vector of
transform cocfficients, and entropy coding may be applied to achieve even more

COMPression.

SUMMARY

[8686] In general, this disclosure deseribes technigues for paralie] processing of video
coding. For example, this disclosure describes techniques for paraliel processing in
multi-fayer video coding processes, including ronlti-layer extensions of the High
Efficiency Video Coding (HEVC) standard. The technigues of this disclosure may also
be applied to other multi-layer video coding standards and extensions of such standards,
such as multiview HEVC (MV-HEV(). In some cxamples, the techniques include
signaling information for processing nnltiple fayers in parallel, such as offset delay
mformation in a video parameter set (VPS). The techniques may also or include
signaiing information for processing multiple layers in parailel, sach as tile alignment
information. Aspects may also relate to techniques for determining a location of a
collocated block i multi-layer video coding.

(80671 In an example, a method of decoding video data includes decoding, from a video
parameter set {VPS) of a multi-layer bitstream, at least one of data that indicales
whether any layers of the multi-layer bitstream have an mter-layer prediction restriction
or data that indicates whether tile boundaries are aligned between at least two of the
tayers of the multi-layer bitstream, and decoding the melti-layer bitstream in accordance
with the data decoded from: the VIS,

18668 In ancther example, a method of encoding video data mcludes encoding, in a

video parameter set (VP3) of a multi-ayer bitstream, at least one of data that indicates
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whether any layers of the nmilti-layer bitstream have an inter-layer prediction restriction
or data that indicates whether tile boandaries are aligned between at least two of the
layers of the multi-layer bitstream, and encoding the multi-layer bitstrcam in accordance
with the data encoded in the VPS.

68089} In another example, an apparatus that performs video coding inchides a memory
storing video data, and a video coder configured to code data of a video parameter set
{(VPS) of a multi-layer bitstream, inchuding coding at least one of data that indicates
whether any layers of the multi-layer bitstream have an inter-layer prediction restriction
or data that indicates whether tile boundaries are aligned between at least two of the
layers of the molti-layer bitstream, and code the mudti-layer bitstream in accordance
with the data of the VPS.

[8016] In another example, an apparatas that performs video coding inchides means for
coding data of a video parameter set (VPS) of a multi-layer bitstream, including at least
one of data that indicates whether any layers of the multi-layer bitstream have an inter-
fayer prediction restriction or data that indicates whether tile boundaries are aligned
between at least two of the layers of the multi-layer bitstream, and means for coding the
multi-layer bitstream in accordance with the data of the VPS.

(8011} In another cxanpie, a non-transifory computer-readable medinm stores
mstructions thereon that, when executed, cause a video coder to code data of a video
parameter set (VPS) of a multi-layer bitstream, incluoding coding at least one of data that
indicates whether any layers of the multi-layer bitstream have an inter-layer prediction
restriction or data that indicates whether tile boundaries are aligned between at least two
of the layers of the multi-layer bitstream, and code the multi-layer bitstream in
accordance with the data of the VPS.

{8012} In another example, & method of decoding video data includes determining a
location of a reference sample associated with a reforence picture of video data based on
one or more scaled offset values, wherein the reference picture is included in a first
tayer of 3 multi-layer bitstream and the one or more scaled offset values indicate a
difference in scale between the first laver and a sceond, different layer, detormining a
loeation of a collocated reference block of video data in the first layver based on the
location of the reference sample, and decoding a current block of video data in the
second layer relative to the coliocated reference block.

(8013} In another exanple, a method of encoding video data includes determining a

location of a reference sample associated with a reference picture of video data based on
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one or more scaled offset values, wherein the reference pictare is included in a first
layer of a multi-layer bitstream and the one or more scaled offset values indicate a
difference in scale between the first layer and a second, different layer, determining a
location of a collocated reference block of video data in the first layer based on the
location of the reference sample, and encoding a current block of video data in the
second layer relative to the collocated reference block.

18614} In another example, an apparatus that performs video coding inchudes a memory
storing video data, and a video coder configured to determine a location of a reference
sample associated with a reference picture of video data based on one or more scaled
offset values, wherein the reference picture is incloded 1n a first layer of a muhti-layer
bitstream and the one or more scaled offset values indicate a difference in scale between
the first layer and a second, different layer, determine a location of a collocated
reference block of video data in the first layer based on the location of the reference
sample; and code a current block of video data in the second layer relative to the
collocated reference block,

16615} In another exarople, an apparatus that performs video coding includes means for
determining a location of a reference sample associated with a reference picture of video
data based on one or more scaled offset values, wherein the reference picture is included
m a first fayer of a multi-layer bitstream and the one or more scaled offset values
indicate a difference in scale between the first layer and a second, different layer, means
for determining a location of a collocated reference block of video data in the first layer
hased on the location of the reference sample, and means for coding a current block of
video data in the second layer relative to the collocated reference block.

{8816} In another example, a non-transitory computer-readable mediinm stores
instructions thereon that, when execuied, cause a video coder to determine a focation of
a reference sample associated with a reference picture of video data based on one or
more scaled offset values, wherein the reference picture 1s included in a first layer of a
multi-layer bitstream and the one or more scaled offset values indicate a difference in
scale between the first layer and a second, different layer, determine a location of a
collocated reference block of video data in the first laver based on the location of the
reference sample, and code a current block of video data in the second layer relative to
the collocated reference block.

[8617] The details of one or more examples of the disclosure are set forth in the

accompanying drawings and the description below. Gther features, objects, and
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advantages of the disclosure will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF DRAWINGS

16018} FIG. 1 1s a block diagram illustrating an example video encoding and decoding
system that may utilize techniques for processing video data in paraliel,

(8019} FIG. 2 is a block diagram illustrating an cxample of a video cncoder that may
implement techniques for processing video data in paraliel.

{8026} FIG. 3 is a block diagram illustrating an example of a video decoder that may
implement techniques for processing video data in parallel.

18621} FIG. 4 is a conceptoal diagram illustrating various scalable dimensions for
scalable video coding (SVC).

16622} FIG. 5 1s a conceptual diagram illustrating an example of the SVC coding
straciure,

(8023} FIG. 6 15 a conceptual diagram illustrating example access units (AUs).

(8024} FIG. 7 18 a conceptoal diagram illustrating example tiles 1 accordance with the
High Efficiency Video Coding (HEVC) standard.

18625} FIG. B is a conceptual diagram dlustrating wavefronts for wavefront parallel
processing (WPP),

16626} FIG. 9 1s a conceptual diagram Ulustrating enhancement layer regions that do not
have collocated reference layer regions.

18027} FiG. 10 is another conceptual diagram illustrating enhancement layer regions
that do not have cellocated reference layer regions.

[B028] FIGS. 11A and 118 are flow diagrams llustrating an example process for
determining offset delay information in multi-layer video coding.

16029) F1G. 12 s a flow diagram ilustrating an example process for determining a
collocated block of video data in multi-layer video coding.

[8038] FIG. 13 is a flow diagram llustrating an example process for determining tile

alignment information in multi-layer video ceding.

DETAILED DESCRIPTION
(8031} Aspects of this disclosure may relate to various techniques associated with

cross-layer paralle] processing and offset delay parameters in video coding. In some



WO 2015/009665 PCT/US2014/046602

6

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) or a Scalable Video Coding (SV) extension to
HEVC (8HVC). The techniques may also be used with other extensions to HEVC,
other scalable coding standards, other nuihi-view coding standards (with or without a
depth component} and/or other molti-layer video codecs. 1t should be understood that
the techniques of this disclosure are not Himited o any particular video coding standard.
In addition, it should be understood that any of the technigues of this disclosure may be
applied independently or in combination.

{8632} As described in greater detail below, aspects of this disclosore may inchude
improvements related to signaling of cross-layer paraliel processing offsct delay
parameters. An “offsct delay” may generally refer to a delay associated with processing
{e.g., encoding or decoding) multiple layers in parallel. For example, a video decoder
may decode more than one layer of 2 multi-layer bitstream in paraliel (i.e., the video
decoder may decode multiple fayers of a multi-layer bitstream simultaneously or
synchronously). When using mter-layer prediction techniques to decode a current layer,
however, the video decoder may access reference data of a reference layer that is
different than the current laver, The reference data must be available (e.g., decoded) in
order to be used as an Inter-layer reference for decoding the current layer. Accordingly,
mn general, the video decoder finalizes decoding of all reference layers n a8 multi-fayer
decoding scheme prior to decoding a layer that refers to one or more of the reference
fayers.

16633} In some instances, paraliclism may be mereased by implementing imformation
referred to as offset delay information. That 15, rather than waiting for an entire
reference layer to be finslized (e.z., decoded), the video decoder may delay initiating
decoding of a current layer until at least some of the refercnce layer bas been decoded.
The offset delay may generally indicate a mininwim amount of a reference layer that is
to be decoded before the video decoder begins decoding s current layer. fmplementing
an offset delay may belp to ensure that inter-layer reference data is available to be used
as a reference, while still allowing at least a portion of the reference layer and the
current layer to be decoded in paraliel. For example, a parallel decoder may start
decoding an enhancement layer as soon as the specified reference layer offset delay is

achieved. While the example above is described with respect to video decoding (as
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performed by a parallel decoder), it should be understood that similar techniques may be
applied by a video encoder during parallel encoding.

{8034} In a general sense, texture view components, depth view componesnts, and the
various feraporal, spatial, and quality layers may be thought of as somewhat
miterchangeable with respect to the present disclosure. For example, in some instances,
a video coder may perform similar or the same inter-layer video coding technigues
regardiess of whether the multi-layer bitstream being coded includes texture view
components, depth view components, or scalable components typically associated with
scalable video coding (e.g., tomporal, spatial, and/or quality layers). Accordingly, the
techniques of the this disclosure may be thought of as apphicable to “layers™ in a general
sense, where the layers may be any of texture view components, depth view
components, temporal scalable layers, spatial scalable layers, or quality scalable layers.
That is, it should be understood that the techniques described herein are broadly
applicable to general “layers” as the term is described above.

16035} Oue scheme for offset delay signaling was proposed n the document “Inter-
Layer Delay Indication in VUT” to Skupin et al, JCTVC-MO463, Incheon, KR, 18-26
April 2013 (heremafter JCTVC-M3463). The scheme was designed to aid in parallel
decoding across layers by signaling offsct delay syntax clements in scquence parameter
set (SP3) video usability information (VU that conveys the mindnumm required
decoding delay for cach layer. Under this scheme, the decoding of a particular layer can
start as soon as the region in reference layer specified by the offset delay is decoded.
188636] However, the scheme disclosed 10 JCTVC-M0O463 may have some
shortcomings. For example, an 5PS may be associated with multiple layers with
different identification values {¢.g., as indicated by a nuh laver id syntax slement).

The proposcd scmantics of the syntax clement nom_ilp restricted ref layers
{introduced in JCTVU-M0463) restricts the value of the syntax element to be equal to
the NumbDirectRefLayers parameter for each layer that refers to the SPS (where the
NumDirectReflayers parameter indicates a particular direct refercnce layer). A direct
reference layer is referved to divectly by another layer for purposes of prediction. For
exanple, given current layer A using layer B as a reference, reference layer B may be
referred to as a direet reference layer. Given layer A osing layer C as a reference, and
where C refers to layer B, layer B may be referred o as an indirect reference layer.
(80371 In any case, for layers (that vefer o a given SPS) that have difforent values of the

NumDirectRefLayers parameter (i.c., layers whose respective valaes of the syntax
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clement, num_ilp restricted ref layers, differ amongst each other), or that may have
slightly different offsets values, the proposed syntax structure of the syntax element.
oum ip restricted ref layers, severcly restricts the sharing of information within the
SPS among these layers. 1o other words, a separate SPS may need to be signaled for
each such layer that either possesses a distinet value of the NumDirectRefLayers
parameter or that may have a slightly different offset vahue relative to other layers that
refer to a given SPS. Thus, signaling of the offsct delay information in the SPS may not
be ideal.

16038} In addition, to avoid a parsing dependency of a video parameter set (VPS)in a
SPS, num ilp restricted ref layers (which idicates a particular reference layeor having
an infer-layer prediction restriction) is signaled in the SPS with a constraint that the
value of nom_ilp_restricted _ref layers shall be equal to

NumDirectRefLayers| nuh layer id |, where noh layer idis the noh layer id of any
picture referring to the SPS, In other words, a number of reference layers may be forced
to share the same offset delay information included in an SPS, despite the different
favers having different characteristics that may otherwise impact offset delay.

[8039] According to aspects of this disclosure, offset delay information may be
inchuded in a video parameter set {VPS), which may be referred to by more than one
layer. A VPS may inchide data describing the overall characteristics of a coded video
sequence, inchuding dependencies between sub-lavers. One purpose of the VPS may be
to enable compatible extensibility of a particular standard in terms of signaling at the
systems layer. A VPS must typically be incladed in 2 multi-layer bustream for the
bitstrear to be decoded.

[6048] By including the offset delay information in the VPS, the offset delay
information may be separaicly specified for each reference layer. Such signaling may
increase cfficiency, as reference layers having different characteristics are not foreed fo
share the same offset delay information. In addition, by inchuding the offset delay
information in the VPS, the value of syntax element sum_ilp restricied ref layers may
be inferred (Le., determined by the decoder without explictt signaling) during decoding
{as described n greater detail below). Accordingly, the signaling of the nummber of
reference layers having a restriction {e.g., the mum _ilp restricted ref layers syntax
clement noted above) nyay be aveided.

(8041} The techoiques of this disclosure may also be applicable to determining a

location of a collocated block of video data when using extended spatial scalability
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multi-layer video coding, and determining an offset delay associated with the collocated
block. As deseribed in greater detail below, a8 video bitstream may be referred to as
being “scalable” when parts of the stream can be removed i a way that the resulting
substream forras another valid bit stream decodable by a target decoder. With respect to
spatial scalability, subsets of a bitstream represent the seurce content with a different
picture size {spatial resohition). In cach spatial layer, a video coder may implement
motion-compensated prediction and intra-prediction in the same manner as for single-
layer coding. However, in order to improve coding efficiency in comparison to
simulcasting different spatial resolutions, the video coder may incorporate nter-layer
prediction mechanisms. The most flexible type of spatial scalable video coding does not
strictly adhere to a dyadic relation {c.g., 2 resolution ratio of 2.1} among cousecutive
layers and may be referred 10 as Extended Spatial Scalability (ESS). Certain details
regarding SVC, with respect to both the SV extension of H.264/AVC and the SVC
extension of HEVC, are explained below with respect to FIGS. 4-9.

16042} Extended spatial scalability may, in some instances, present chalienges when
determining an offset delay. For example, when a video coder uses extended spatial
scalability, it 13 possible that a spatial scgment A (e.g., a slice, a tile, a coding irec unit
{(CTU) or CTU row} of a layer currently being decoded may not have a collocated
spatial segment B present {e.g., avatlable for use as a reference) i a veference layer.
Because offsct delay may be determined based on a collocated spatial segment, it is not
cicar how to derive the offset delay for those spatial scgments whose collocated spatial
SegICHts are not present.

16043} The technigues of this disclosure may be fmplemented to determine a location of
a collocated block of video data (e.g., a CTU). For example, aspects of this disclosure
inchide determining a location of a refercnee sample associated with a reference picture
of video data based on one or more scaled offset values. The scaled offset values moay
represent a difference in scale between the base layer and the scaled enhancement laver
{(e.g., a difference in location due to the scaling). Afier determining a location of the
reference sample, a video coder {¢.g., 2 video encoder or video decoder} may determine
a Jocation of a collocated reference block {e.g., a collocate CTU) based on the location
of the reference sample.

{8044} As onc example, a base layer may be used as a reference for an upscaled
enthancement layer {¢.g., 2 layer having a relatively higher spatial resolation than the

base layer). Because of the differences in size between enhancement layer pictures and
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base layer pictures, a block currently being coded i an enhancement layer pictire may
map to a collocated reference block that is outside of the boundary of a base layer
reference picture. Such a collocated block is not available for reference by the
enthancement layer picture. In some examples, according to aspects of this disclosure,
prior to determining the location of a collocated reference block in the base layer, the
video coder may adjust the location of the reference sample to be located within the
boundary of the reference picture in the base layer {L.c., the base layer reference
picture).

18848} Hence, according to aspects of this disclosure, when a collocated block (e.g., a
collocated CTU) in a veforence layer is not present for a particular block in a layer
currently being coded, the address of the collocated block may be adjusted to fall within
the corresponding reference layer boundary, such that the adjusted address corresponds
to a block that 1s present in the reference layer. The inter-layer prediction constraints,
such as offest delays described above, for the CTU in the current layer are then applied
with the boundary CTU as the reference.

16046} Aspects of this disclosure may also mchude techniques for indicating am
alignment of tiles between layers. For example, a tile may toclude a partition of a
picture and may be used for paralicl coding. As desceribed inthe HEVC standard, a tile
may be defined as a rectangular region of coding tree blocks (CTBs, as described
below) within a particular tile column and a particelar tile row in a picture. Atike
column may be defined as a rectangular region of CTHs having a height equal to the
height of the picture and a width specified by syntax elements in a picture parameter set
(PPS). In addition, a tile row may be defined as a rectangular vegion of CTBs having a
height specified by syntax elements in a PPS picture parameter set and a width equal to
the width of the picture. Tile boundaries, similarly o slice boundarics, break parse and
prediction dependences se that a tile can be processed independently, but the in-loop
filters {de-blocking and sample adaptive offset (SAQ)) may still cross tile boundaries
{(i.e., apply to multiple tiles). lmplementing a tile-based structure may enable paralie!
processing, and improve coding efficiency by allowing a changed decoding order of
CTUs compared to the use of shces,

{8647} The number of tiles and the location of the tiles” boundaries may be defined for
an entire sequence or changed from picture o picture. One scheme for indicating
whether tile boundaries are aligned between layers (which may impact inter-Jayer

Y48

prediction) was proposed 1n the docoment ““Tile Boundary Alignment and Inter-Layer
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Prediction Constraints for SHVC and MV-HEVC” to Subring ot al, JCTVC-MO464,
Incheon, KR, 18-26 April 2013 (heremmafter JCTVC-MO0O464). That scheme included
signaling an mdication of whether tiles boundaries are aligned (e.g., witha
tile_boundaries_aligned flag syntax clement) in a VU for cach laver. However,
signaling whether tile boundarics are aligned for layers in a VUI may be mefficient,
because tile boundary alignment is pot layer specific. Accordingly, signaling sach
information in a2 YUI may add needless complexity.

18048} According to aspects of this disclosure, an indication of whether tile boundaries
are aligned may be provided in a VPS. For example, one or more syntax elements may
be included in a VPS that indicate whether tiles are aligned amongst layers of a multi-
laver bitstream. In this way, the tile boundaries aligned information, as signaled in the
VS, has a cross-layer scope for the layers of the multi-layer bitstream.

(60491 FIG. 1 i3 a block diagram illustrating an example video encoding and decoding
system 10 that may utilize techniques for processing video data in parailel. As shown in
FI1G. 1, system 10 includes a source device 172 that provides encoded video data to be
decoded at a later time by a destination device 14, In particular, source device 12
provides the video data to destination device 14 via a computer-readable medhmm 16
Source device 12 and destination device 14 may comprise any of a wide range of
devices, including deskiop computers, notebook (i.e., laptop) computers, tablet
computers, set-top boxes, telephone handsets such as so-called “smart” phones, so-
called “smart” pads, televisions, cameras, display devices, digital media players, video
gaming conscles, video streaming device, or the like. in sorae cases, source device 12
and destination device 14 may be equipped for wircless commmunication.

{8658} Destination device 14 may receive the encoded video data to be decoded via
computer-readable medium 6. Computer-readable medium 16 may comprise any type
of medium or device capable of moving the encoded video data from source deviee 12
to destination device 14, In one example, computer-readable medium 16 may comprise
a communication medium to enable source device 12 to transmit encoded video data
directly to destination device 14 jn real-time. The eocoded video data may be
modulated according to a commumication standard, such as a wireless communication
protocol, and transmitted to destination device 14, The commaunication mediom may
comprise any wircless or wired communication medium, such as g radio frequency (RF)
spectrum or one or more physical fransmission lings. The communication medium may

form part of a packet-based network, such as a local area network, a wide-area network,
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or a global network such as the Internet. The communication medium may include
routers, switches, base stations, or any other equipment that may be useful to facilitate
communication from source device 12 to destination device 14.

(8051} In some examples, encoded data may be output from output interface 22 to a
storage device. Similarly, encoded data may be accessed from the storage device by
mput interface. The storage device may include any of a variety of distribated or locally
accessed data storage media such as a hard drive, Blu-ray discs, DVDs, UD-ROMs,
flash memory, volatile or non-volatile memory, or any other suitable digital storage
media for storing encoded video data. In a further example, the storage device may
correspond to a file server or another intermediate storage device that may store the
encoded video generated by source device 12, Destination device 14 may access stored
video data from the storage deviee 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 & website), an FTP server, network attached storage (NAS) devices, or a local disk
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 {(e.g., DSL, cable modem, ctc.), or a
combination of both that is suitable for accessing encoded video data stored on a file
server. The transmission of encoded video data from the storage device may be a
streaming transmission, a download {ransmission, or a combination thereof

18052} The techniques of this disclosure are not necessarily limited to wireless
applications or settings. The techniques may be applied to video coding in support of
any of a variety of multimedia apphications, such as over-the-air television broadeasts,
cable telovision ransmissions, satellite television transmissions, {nternet streaming
video transmissions, such as dynamic adaptive streaming over HTTP (DASH), digital
video that is encoded onto a data storage mediom, decoding of digital video stored on a
data storage medium, or other applications. In some cxamples, system 10 may be
contigured to support one-way of two-way video transmission o support applications
such as video streaming, video playback, video broadeasting, and/or video telephony.
{8653} In the example of FIG. 1, scurce device 12 includes video source 18, video
encoder 20, and output interface 22. Destination device 14 inclades imput interface 28,
video decoder 30, and display device 32, In accordance with this disclosure, video

encoder 20 of source device 12 may be configured to apply the techmiques for
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processing video data in parallel. In other examples, a source device and a destination
device may include other components or arrangements. For example, source device 12
may receive video data from an external video source 18, such as an exterpal camera.
Likewise, destination device 14 may interface with an external display device, rather
than including an mtegrated display device.

[8054] The ilhustrated system 10 of FIG. 1 15 merely one example. Technigues for
processing video data in parallel may be performed by any digital video encoding and/or
decoding device. Although generally the technigues of this disclosure are performed by
a video encoding device, the techniques may also be performed by a video
encoder/decoder, typically referred to as a “CODEC.” Muareover, the techmgues of this
disclosure may also be performed by a video preprocessor. Source device 12 and
destination device 14 are merely examples of such coding devices fn which source
device 12 generates coded video data for transmission to destination device 14, In some
exaraples, devices 12, 14 may operale in a substantially symmetrical manner such that
cach of devices 12, 14 include video encoding and decoding components. Hence,
system 10 may support one-way or two-way video transmission between video devices
12, 14, e.g., for video streaming, video playback, video broadcasting, or video
telephony.

[8855] Video source 1R of source device 12 may include a video capture device, such as
a video camera, a video archive containing previcusly captured video, and/or a video
feed interface to receive video from a video content provider. As a further alternative,
video source 18 may generate computer graphics-based data as the source video, or a
combination of Hve video, archived video, and computer-generated video. In some
cases, if video source 18 is a video camera, source device 12 and destination device 14
may form so-called camera phones or video phones. As mentioned above, however, the
techniques described in this disclosure muay be applicable to video coding in geuneral,
and may be applied to wireless and/or wired applications. In each case, the captured,
pre-captured, or computer-generated video may be encoded by video encoder 20, The
encoded video nformation may then be output by output interface 22 onto a computer-
readable mediom 16.

{8656} Computer-readable medium 16 may toclude transiont media, such as a wireless
broadcast or wired network transmission, or storage media (that is, non-transitory
storage media), such as a hard disk, flash drive, corpact dise, digital video disc, Blu-ray

disc, or other computer-readable media. Tn some examples, a network server (not
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shown} may receive encoded video data from source device 12 and provide the encoded
video data to destination device 14, e.g., via network transmission. Stmilarly, a
computing device of a medivm production facility, such as a disc stamping facility, may
receive encoded video data from source device 12 and produce a disc containing the
encoded video data. Therefore, computer-readable medium 16 may be understood to
mclade one or more computer-readable media of various forms, in various examples.
188571 Input interface 28 of destination device 14 receives information from computer-
readable medium 16, The information of conmputer-readable medium 16 may include
syntax information defined by video encoder 20, which is also used by video decoder
30, that inclades syntax elements that describe characteristics and/or processing of
blocks and other coded units, e.g., GOPs. Display device 32 displays the decoded video
data to a user, and may comprise any of a variety of display devices such as a cathode
ray tube {CRT), a hiquid crystal display (LCD), a plasma display, an organic light
emitting diode (OLED) display, or another type of display device.

18058} Video encoder 20 and video decoder 30 cach may be implerented as any of 2
varicty of suitable encoder circuitry, such as one or more microprocessors, digital signal
processors (DSPs), application specific integrated circuits (ASICs), field programmabic
gate arrays {(FPGAS), discrete logic, software, hardware, firmaware or any combinations
thereof. When the techniques are implemented partially n software, a device may store
mstructions for the software in a suitable, non-transttory computer-readable medium and
exccute the instructions in hardware using one or more processors to perform the
techniques of this disclosure. Bach of video encoder 20 and video decoder 30 may be
mechided in one or more encoders or decoders, either of which may be integrated as part
of a combined encoder/decoder (CODEC) in a respective device. A device including
video encoder 20 and/or video decoder 31 may comprise an integrated circuit, a
nucroprocessor, and/or a wireless commmunication device, such as a cellular telephone.
60598} This disclosure may generally refer to video encoder 20 “signaling” certain
information to another device, such as video decoder 30. It should be understood,
however, that video encoder 20 may sigoal information by associating ceortain syntax
clements with various encoded portions of video data. That is, video encoder 20 may
“signal” data by storing certain syntax clements to headers of various encoded portions
of video data. In some cascs, such syntax clements may be encoded and stored prior to
being received and deceded by video decoder 30, Thus, the torm “signaling” may

generally refer to the communication of syntax or other data for decoding compressed
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video data, whether such commmumication occurs in real- or near-real-time or over a span
of time, such as might occur when storing syntax elements to 8 mednim at the time of
encoding, which then may be retrieved by a decoding device at any time after being
stored to this medium.

(88681 In some examples, video encoder 20 and video decoder 30 operate according to
a video compression standard, such as ISO/IEC MPEG-4 Visual and ITU-T H.264 (also
known as ISQ/IEC MPEG-4 AV(), meluding its Scalable Video Coding (8VC)
extension, Multiview Video Coding (MVC) extension, and MV C-based three-
dimensional video {3DV) extension. A joint draft of SVC and MVC is described in
“Advanced video coding for generic audiovisual services,” ITU-T Recommendation
H.264, Mar. 2010,

(8061} In addition, a High-Efficiency Video Coding (HEVC) standard has been
developed by the Jomt Collaboration Team on Video Coding (JCT-VC) of ITU-T Video
Coding Experts Group (VCEG) and ISOAEC Motion Picture Hxperts Group (MPEG).
A recont HEVC toxt specification draft, referred to hergin as HEVC W10 for
simplicity, is available from htip//phenix.int-

evry.fr/jct/doc_end user/docoments/13 Incheon/wgl VICTVC-M{M432-v3.zip. The
oulti-view extension to HEVC, reterved to as MV-HEVC, is being developed by the
JCT-3V. A recent Working Drafi (WD) of MV-HEVC WD 4 hereinafier, is available
from http://phenix.int-evry. f1/ict2/doc_end oser/documents/4 Incheon/wgl VICT3V-
D1004-v2.z1p. Meanwhile, two standard tracks for more advanced 3D video coding
(33-HEVC)Y and scalable video coding based on HEVC are also under development. A
recent test model description of 3D-HEVC is available from http://phenix.it-
sudparis.eu/ict2/doc_end user/documents/3 Geneva/wglVICTIV-DIQ0S-v2.2ip. A
recent tost modef description of SHVC is available from btip:/phenix.int-
evry.fr/jet/doc_end user/documents/ 12 Geneva/wgl 1/JCTVC-M1007-v3.zip.

(88621 In HEVC and other video coding standards, a video sequence typically includes
a scries of pictures. Pictures may also be referred to as “frames.” A picture may
include three sample arrays, denoted Sy, Scy, and 8¢ Sy is a two-dimensional arvay
(i.c., a block) of hima samples. Sy 1s a two-dimensional array of Cb chrominance
samples. Sc. is a two-dimensional array of Cr chrominance samples. Chrominance
samples may alse be referred to herein as “chroma” samples. In other instances, a2

picture may be monochrome and may only include an array of luma sanples.
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186631 Video encoder 20 may generate a set of coding tree units (CTUs), which may
have separate loma and chroma component coding tree blocks (CTBs). For example,
cach of the CTUs may comprise a UTB of luma samples, two corresponding CTHs of
chroma sarples, and syntax stractures used to code the samples of the CTBs, Ina
monochrome picture or a picture that have three separate color planes, a CTU may
comprise a single CTB and syntax structures used {o code the samples of the CTB. A
CTB may be an NxN block of samples. A CTU may also be referred (o as a “tree
block™ or a *largest coding unit” {LCUY. The CTUs of HEVC may be broadly
analogous to the macroblocks of other video coding standards, such as H.264/AVC,
However, a CTU is not necessarily Himited to a particular size and may inclade one or
more coding units (CUs). A slice may include an integer number of CTUs ordered
consecutively n the raster scan.

{8864} This disclosure may use the term “video unit” or “video block™ to refer to one or
more blocks of samples and syntax structures used to code samples of the one or more
blocks of samples. Example types of video units may mmclade CTUs, CTBs, Cls, PUs,
transtorm units {TUs), macroblocks, macroblock partitions, and other similar partitions
of a picture.

(8065} To generaie a coded CTU, video encoder 20 may recursively perform quad-tree
partitioning on the CTRs of a CTU to divide the CTBs into coding blocks, hence the
name “coding trec units.” A coding block is an NxN block of samples. A CU may
comprise a coding block of loma samples and two corresponding coding blocks of
chroma samples of a picture that has 2 fuma sample array, a Ch sample array and a Cr
sample array, and syntax structures used to code the samples of the coding blocks. Ina
monochrome pictare or a picture that have three separate color planes, a CU may
comprise a single coding block and syniax structures used to code the samples of the
coding block.

[8866] Video encoder 20 may partition a coding block of a CU into one or more
prediction blocks. A prediction block may be a rectangular (i.e., square or non-square)
block of samiples on which the same prediction is applicd. A prediction unit (PU} of a
CU may comprise a prediction block of huma samples, two correspondmg prediction
blocks of chroma samples of a picture, and syntax structures used to predict the
prediction block samples. In a monochrome picture or a picture that have three separate

color planes, a PU may comprise 2 single prediction block and syntax structures used to
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predict the prediction block samples. Video encoder 20 may generate predictive luma,
Chb and Cr blocks for luma, Ch and Cr prediction blocks of each PU of the CU,

18067} Video cncoder 20 may use intra prediction or inter prediction to generate the
predictive blocks for a PUL I video enceder 20 uses intra prediction to generate the
predictive blocks of a PU, video encoder 20 may generate the predictive blocks of the
PU based on decoded samples of the picture associated with the PUL

18068} If video encoder 20 uses inter prediction to generate the predictive blocks of a
PU, video encoder 20 may gencrate the predictive blocks of the PU based on decoded
samples of one or more pictures other than the picture associated with the PU. Inter
prediction may be uni-directional inter prediction (i.e., uni-prediction} or bi-directional
inter prediction (i.¢., bi-prediction). To perform uni-prediction or bi-prediction, video
encoder 20 may generate a first reference picture hist (RefPicList() and a second
reference picture list {(RefPicListl) for a corrent slice. Each of the reference picture lists
may include one or more reference picturcs. When using unt-prediction, video encoder
20 may secarch the reference pictures in either or both RefPicList( and RefPiclist] to
determine a refercnee location within a reference picture. Furthermore, when using umni-
prediction, video encoder 20 may generate, based at least in part on samples
corresponding to the reference location, the predictive sample blocks for the P,
Moreover, when using uni-prediction, video encoder 20 may generate a single motion
vector that indicates a spatial displacement between a prediction block of the PU and the
reference location. To indicate the spatial displacement between a prediction block of
the PU and the reference focation, a motion vector may foclude a horizontal component
specifying a horizontal displacement between the prediction block of the PU and the
reference location and may inclade a vertical component specifying a vertical
dispiacement between the prediction block of the PU and the reference location.

[8068] Whon using bi-prediction to encode a PU, video encoder 20 may determine a
first reference location in a reference picture in RefPicList) and a second reference
location in a reference picture in RefPicListl. Video encoder 20 may then generate,
based at least in part on samples corresponding to the first and sccond reference
loeations, the predictive blocks for the P, Moreover, when using bi-prediction to
encode the PU, video encoder 20 may generate a first motion indicating a spatial
displacement between a sample block of the PU and the first reference location and a
second motion indicating a spatial displacement between the prediction block of the PU

and the second reference location.
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186781 After video encoder 20 generates predictive luma, Ch, and Cr blocks for one or
more PUs of a CU, video encoder 20 may generate a huma residaal block for the CUL
Each sample in the CU’s luma residual block indicates a difference between a luma
sanpie i one of the CU™s predictive luma blocks and a cotresponding saraple in the
CU’s original luma coding block. In addition, video encoder 20 may generate a Ch
residual block for the CU. Each sample n the CU7s Cb residual block may indicate a
difference between a Cb sample in one of the CU’s predictive Cb blocks and a
corresponding saraple 1n the CU’s original Cb coding block. Video encoder 20 may
also generate a Cr residual block for the CU. Hach sample in the CU’s Cr vesidual block
may tndicate a difference between a Cr sample in one of the CU’s predictive Cr blocks
and a corresponding sanmple in the CU7s original Cr coding block.

(8071} Furthermore, video encoder 20 may use quad-tree partitioning to decompose the
tama, Chb and, Cr residual biocks of a CU inte one or more Juma, Cb, and Cr wransform
blocks. A transform block may be a rectangular block of samples on which the same
transform is applied. A transform unit (TU) of a CU may comprise a transform block of
fuma samples, two corresponding transtorm blocks of chroma samples, and syntax
structures used to transform the transform block samples. In a monochrome picture or a8
picture that have three separate color plancs, a TU may comprise a single transform
block and syntax structures used to transtorm the transform block samples. Thus, cach
T ot a CU may be associated with a luma transform block, a Ch transform block, and a
Cr transform block, The luma transform block associated with the TU may be a sub-
block of the CU’s tuma residual block, The Cb transtorm block may be a sub-block of
the CU's Cb residual block. The Cr wransform block may be a sab-block of the CUs Cr
residoal block.

18072} Video encoder 20 may apply one or more transforms to a luma transform block
of a TU to generate a luma cocfficient block for the TU. A cocfficient block may bea
two-dimensional array of transform coetficients. A transform coefficient may be a
scalar quantity. Video encoder 20 may apply one or more transforms to a Cb transform
block of a TU to generate a Ch cocfficient block for the TU. Video encoder 20 may
apply one or more fransforms to a Cr transform block of a TU to generate a Cr
coefficient block for the TU.

18673} After genorating a coefficient block {c.g., a luma coeflicient biock, a Cb
coefhicient block or a Cr coefficient block}, video encoder 20 may quantize the

coefficient block., Quantization generally refers to a process in which transform
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coefficients are quantized to possibly reduce the amount of data used to represent the
transform coefficients, providing further compression. Farthermore, video encoder 20
may inverse guantize transform cocfficients and apply an inverse fransform to the
transform cocfficients in order to reconstruct transform blocks of TUs of CUs of a
picture. Video encoder 20 may use the reconstructed transform blocks of TUs of a CU
and the predictive blocks of PUs of the CU to reconstruct coding blocks of the CU. By
reconstructing the coding blocks of cach CU of a picture, video encoder 20 may
reconstruct the picture. Video encoder 20 may store reconstrucied pictures in a decoded
picture buffer (DPB). Video encoder 20 may use reconstracted pictures in the DPB for
mter prediction and intra prediction.

(8074} Afier video encoder 20 quantizes 2 coefficierd block, video encoder 20 may
entropy encode syntax elements indicating the quantized transform coefficients. For
example, video encoder 20 may perform Context-Adaptive Binary Arithmetic Coding
(CABAC) on the syntax clements indicating the quantized transform coefficients.
Video encoder 20 may cutput the entropy-cucoded syntax clements in a bustream.
16675} Video encoder 20 may output a bitstream that includes 8 sequence of bits that
forms a representation of coded pictures and associated data. The bitstream may
comprise a sequence of network abstraction layer (NAL) units. Each of the NAL units
melades a NAL unit header and encapsulates a raw byte sequence payvicad (RBSP). The
NAL umit header may imchude a syntax element that indicates a NAL onit type code.
The NAL unit type code specified by the NAL unit beader of a NAL unit indicates the
type of the NAL unit. A RBSP may be a syntax stracture containing an infoger number
of bytes that is encapsulated within a NAL unit. In some instances, an RBSP mechides
zero bits.

(8076} Different types of NAL units may cncapsulate different types of RBSPs. For
example, a first type of NAL unit may encapsulate an RBSP for a picture parameter set
{PPS}, a sccond type of NAL unit may encapsulate an RBSP for a coded shice, a third
type of NAL unit may encapsulate an RBSP for Supplemental Enhancement
Information (SET), and so on. A PPS is a syntax structure that may contain syutax
clements that apply 10 zero or more entire coded pictures. NAL units that encapsulate
RBSPs for video coding data (as opposed to RBSPs for parameter sets and SEL
messages ) may be referved to as video coding layer (VCL) NAL units. A NAL unit that
encapsufates a coded slice may be referred to herein as a coded slice NAL unit. An

RBSP for a coded slice may include a slice header and shice data.
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18677 In MV-HEVC, 30-HEVC and SHVC, video encoder 20 may gencerate a
bitstream that comprises a series of network abstraction layer (NAL) units. Different
NAL units of the bitstream may be associated with different layers of the bitstream. A
layor may be defined as a set of video coding layer (VCL) NAL units and associated
non-VCL NAL onits that have the same layer identifier. A layer may be equivalentto a
view in multi-view video coding. In multi-view video coding, a layer can contain all
view components of the same layer with different time instances. Hach view component
may be a coded picture of the video scene belonging to a specific view at a specific time
mstance.

[8678] Video decoder 30 may receive a bitstream. In addition, video decoder 30 may
parse the bifsircam to decode syntax clements from the bitstream. Video decoder 36
may reconstract the pictures of the video data based at least in part on the syntax
elements decoded from the bitstream. The process to reconstruet the video data may be
generally reciprocal to the process performed by video encoder 20, For instance, video
decoder 30 may use motion vectors of PUs to determine predictive blocks for the PUs
of a carrent CUL Video decoder 30 may use a motion veetor or motion vectors of PUs
to generate predictive blocks for the PUs.

(8479} In addition, video decoder 30 may imverse quantize cocflicient blocks associated
with TUs of the current CU. Video decoder 30 may perform inverse transforms on the
coetficient blocks to reconstruct transform blocks associated with the TUs of the current
CU. Video decoder 3( may reconstruct the coding blocks of the current CU by adding
the samples of the predictive sample blocks for PUs of the current CU to corresponding
samples of the transform blocks of the TUs of the current CU. By reconstructing the
coding blocks for each CU of a picture, video decoder 30 may reconstruct the picture.
Video decoder 30 may store decoded pictures in a decoded picture buffor for output
and/or for use in decoding other pictures.

[B086] In 3D video coding, a laver may countain either all coded depth pictures of a
specific view or coded texture pictures of g specific view. Similarly, in the context of
scalable video coding, a layer typically corresponds 1o coded pictures baving video
characteristics different from coded pictures m other layers. Such video characteristics
typically inclade spatial resolution and quality level (Signal-to-Noise Ratio). In HEVC
and is extensions, temporal scalability may be achieved within one layer by defining a

group of pictures with a particular temporal level as a sub-layer.
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16081} For each respective layer of the bitstream, data in a lower laver may be decoded
without reference to data in any higher layer. In scalable video coding, for example,
data in a base layer may be decoded without reference to data in an enhancement layer,
NAL units only encapsulate data of a single layer. Thus, NAL units encapsulating data
of the highest remaining layer of the bitstream may be removed from the bitstream
without affecting the decodability of data in the remaining layers of the bitstream. In
multi-view coding and 3D-HEVC, higher layers may include additional view
components. In SHVC, higher layers may include signal to noise ratio (SNR)
enhancement data, spatial enhancement data, and/or temporal enbhancement data. In
MV-HEVC, 3D-HEVC and SHVC, a view may be referred to as a “base layer” ifa
video decoder can decode pictures in the view without reference to data of any other
tayer. The base layer may conform to the HEVC base specification.

(80821 Video encoder 20 and/or video decoder 30 may be configured to implement any
combination of the techniques of this disclosure. For example, as noted above, aspects
of this disclosure include improvemerds related to signaling of cross-layer parallcl
processing offset delay parameters. An “offset delay” may gencrally refer to a delay
associated with decoding mudtiple layers n parallel. For example, rather than waiting
for an entire reference layer to be decoded, video deceder 30 may delay decoding of 2
current layer until at least some of the reference layer has been decoded. The offset
delay may generally indicate a minimum amount of a reference layer that is decoded
before the video decoder begins decoding a current layer.

16083} According to aspects of this disclosure, data indicating an offset delay may be
mechided ina VPS. For example, video encoder 20 may encode data (¢.g., one or more
syntax elements) indicating offset delay information in a VPS. Likewise, video decoder
30 may decode, from an encoded bitstream, the data indicating offset delay information.
The offset delay information may be referred to by more than one layer. For exanple,
according to aspects of this disclosure, video encoder 20 and/or video decoder 30 may

signai/decode offset delay information according to Table 1 below:
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TABLE 1

vps_exiension{ } { Descriptor

ilp restricted ref layvers flag w(l)

{ ilp_restricted ref layers flag)

for( 1= 1;1 <= vps_max_layers_nunusi; i++ )

for{ j = 0; ] < NumbDirectReflLayers] layer id in muab{i] |; j++

)i
min_spatial_sepment_offset plusifilii] uelv)
if{ min_spatial segment offsetf 1 ][ 1>01 {
ctu_based offset enabled flagi 1] ] u(l}
i ctu_based offset enabled flagl 1] 1}
min_horizontal_ctu_offset plusi{ii[;] ue{v)
}
j
}

[8084] In Table | above, the syntax clement ilp_restricted ref layers flag equal to 0
indicates that no resiriction on inter-layer prediction is signaled for any of the direct
reference layers of any layer referring to the VPS. However, the syutax clement
ilp_restricted vef layers flag equal to 1 specifies that restrictions on nter-layer
prediction may apply for any of the direct reference layers of one or more layers
referving to the VPS.

[8885] In another example, in Table 1 above, the syntax element

ilp restricted ref layers flag equal to {0 may indicate that restrictions on inter-layer
prediction may or may not apply. In this example, however, the syntax ciement
ilp_restricted_ref layers flag equal to 1 may indicate that restrictions on inter-layer
prediction are signaled for any of the divect reference layers of any layer referring to the
VPS.

{8086} In addition, the syntax clements min_spatial segment offset plusi,
ctu_based offset cnabled flag, and min_horizontal ctu_offset plus! may be similar to
those described in JCTVC-MO463, but may be moved from an SPS to the VPR, For

example, min_spatial segment offset phlusi 1 ][ j | may indicate the spatial area, in
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cach picture of the j-th direct reference layer, that is not used for inter-laver prediction
for decoding of a picture with layer index 1 and referring to the VPS, by itself or

together with min_horizontal ctu offset plusii i ][] ], as specified below. The value of
refPicWidthinCtbsY{ j 1 * refPicHeightinCtbs Y[ § 1, inclusive. When not present, the
value of min_spatial segment offset plusiii ][] may be inferred to be equaltc 0. In
some cxamyples, the minimum spatial segment may be associated with a variety of units
of video data, such as a CTU, a slice, or a tile.

8087} In addition, the syntax element ctu_based offset_enabled flag{1 ][] equalto 1
specifies that the spatial area, in units of CTUs, in each pictore of the j-th direct
reference layer, that is not used for inter-layer prediction for decoding of a picture with
layer index 1 and referring to the VPS is indicated by
min_spatial segment offset plast] 1 ][] and min horizontal ctu offset phast{ 11§ ]
together. However, the syntax clement ctu_based offsct cnabled flag{ i ][] ] equaltc §
specifies that the spatial area, in units of slice segments, tiles, or CTU rows, in cach
picture of the j-th direct reference layer, that is not used for inter-layer prediction for
decoding of a pictare referring to the SPS is indicated by

ouin_spatial segment offset plusif 1] ] only. When not preseunt, the value of
ctu_based offset enabled flagl 1 ][ 7 ] is inferred to be equal 1o 0.

[B088] In addition, the syntax clement min_horizontal ctu offset plusi{ 1]{j ], when
the syntax clement cto_based offset cnabled flagli]{ 3] is equal to 1, indicates the
spatial arca, 1o cach picture of the j-th direct reference layer, that is not used for uder-
layer prediction for decoding of a picture with laver index 1 and referring to the VPS5,
together with min_spatial segment offset plusif{i 1 ], as specified below. The value
of min_horizontal cto offset plosifi |{ i | shall be in the range of § to
refPicWidihlnCibsY{ § |, inclusive.

(88881 Accordingly, in the example above, video encoder 20 and/or video decoder 30
may code data that indicates whether any layers of a multi-layer bitstream have an inter-
fayer prediction restriction, and the data may be incladed in a VPS. For exaraple, video
encoder 20 may encode an ip _restricted ref layers flag syntax clement to indicate that
at least one reference layer for a layer currently being encoded has an associated offset
delay. Likewise, video deceder 30 may decode, froma VPS5, an
ilp_restricted ref layers flag syntax clement. In this example, video decoder 36 may

determine whether one or more reference layers for a layer currently being coded have
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an associated offset delay. If such a delay 1s indicated, video decoder 30 may waitto
decode the current layer until an amount of data consistent with the offset delay
information has been decoded from the one or more reference layers.

(8084} In another example, video encoder 20 and/or video decoder 30 may code data
{e.g., one or more syntax clements) indicating offsct delay parameters in a supplemental
enhancement information (SEI) message. For example, according to aspects of this
disclosure, video encoder 20 and/or video decoder 30 may signal/decode offset delay
information according to Table 2 below:

TABLE 2

pffset delay prameter info( payloadSize ) | Descriptor
Ip_sei active vps_id uelv)
ilp_rvestricted ref layers flag u(1}

f{ ilp restricted ref layers flag)

for( 1= 1; 1<=vps_max_layers_minusl; i++ )

for(j=0;3<

NumDirectRefLayers| fayer id in noh{i] ] j++ ) {

min_spatial segment offset plusi[i]lj] uelv)

ctu_based offset emabled flagii}] ] u( 1)

if{ ¢ty based offset enabled flag[iili])

min horizontal ctu offset phesi{i}]}] ue(v)

()

160911 In the cxample of Table 2, the syntax cloment Ip_sei_active vps_id identifics an
active VPS5 that contatns the imformation about the layers in the coded video sequence
{CVS). The value of the syntax clement Ip_sei_active_vps_id shall be equal to the
value of the syntax clement vps_video parameter_set id of the active VPS for the VCL
NAL units of the access unit containing the SEI message. The semantics of the syntax
elements ilp restricted ref layers flag min spatial segment offset phisl,

¢t bascd offset cnabled flag, min horizontal ctu offset plusl may be the same as

those described above with respect to Table 1. In still another example, the signaling of

the syntax clement Ip_sei_active_vps_id may be omitted.
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16092} As noted above, the techmques of this disclosure also relate to extended spatial
scalability, e.g., determining a location of a collocated CTU and associated offset delay
when using extended spatial scalability. As noted above with respect o Tables 1 and 2,
the syntax elemeonts min_spatial scgment offset_plusi and
min_horizontal_ctu_offset plusl may indicate the decoding delay of the current layer
introduced by coding dependencies with respect to the corresponding reference layer in
terms of spatial segments. After roceiving an indication of a particular CTU offset
delay, videe decoder 30 may locate a collocated CTU to voplement the offset delay.
That is, video decoder 30 may deternune which CTUs are available for inter-layer
prediction in the layer currently being coded and map the CTUs to a collocated CTU in
a reference layer.
8093} According to aspects of this disclosure, video encoder 20 and/or video decoder
30 may derive a collocated sample {e.g., a collocated reference sample) and a colloeated
CTU. The location of the collocated CTU may be based on the collocated sample.
16094] In an example for purposes of tllustration, assume a sample currently being
coded in a first layer {e.g., an enhancement laver) is coded relative to a reference sample
in a second, different layer (e.g., a base layer). Video encoder 20 and/or video decoder
30 may locate a reference sample in the base layer based on scaled offsets agsociated
with the base layer. The scaled offscts may be defined based on the spatial difference
between the base layer and the enhancement layer. According to aspects of this
disclosure, video encoder 20 and/or video decoder 30 may locate a coliocated CTU in
the base laver based on the located reference sample. For example, video cocoder 20
and/or video decoder 30 may locate a collocated CTU based on the following equations:

xColCih = xRef >> refCibLog281zeY 1 |,

yCol(Cib = yRef >> refCibLog28izeY{ 1 |,

colCthAddr] 1] = xColCib 1 ] + { yColCib[ 1 ] * refPicWidthinCibsY{ i ])
where xColCth represents an x-component of a CTU {e.g., the huma CTB or one of the
chroma CTBs of the CTU), xRef ropresents an x-coordinate of the collocated sample,
vColCtb represents an y-component of the collocated CTU, yRef represents an y-
coordinate of the collocated sample, and colCihAdds] 1 | represents the address of the
collocated CTUL In addition, the variables refiCtbLog2S8izeY[1 {1 |,
refPicWidthlaCtbsY{ 1 ][ § |, and refPicHeightinTthsY{ 1 | | | may be set equal to
CthlLog2RizeY, PicWidthinCibsY, and PicHeightinCths'Y, respectively, of the j-th

direct reference layer of the i-th layer.
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186981 In addition, according 1o aspects of this disclosure, when the collocated CTU is
not present within the boundary of a reference layer for a particalar CTU in the current
layer, video encoder 20 and/or video decoder 30 may adjust the values of a CTU
address to the corresponding reference layer boundary, such that the adjusted address
corresponds to a CTU that is present in the reference layer. 1f the collocate CTU 1s
within the reference picure, no adjustment may be needed.
18696] Video cncoder 20 and/or video decoder 30 may adjust the location by chipping
the location of the samples xR ef and yRet {(e.g., x- and y-coordinates of the collocated
sampie) to the corresponding reference layer boundary before deriving the address of
the collocated CTU based on the equations below:

xRef] 1] = Chip3{ lefiStart, rightEnd - 1, xRefl 1] ),

yRef] 1] = Clip3( topStart, bottomEnd - 1, yRefl 1] ),
where xRef] 1 ] represents the x-coodinate of the collocated sample, yRef] 1 ] represents
the y-coodinate of the collocated sample, leftStart represents the left edge of a reference
fayer {c.g., base layer) relative to the current layer (¢.g., an cnhancement layer),
rightEnd represents the right edge of the reference layer relative to the current layer,
topStart represents the top edge of the reference layer relative to the current layer, and
bottomEnd represents the bottom edge of the reference layer relative 1o the current
tayer. The fumetion Chp3(x, y, 7) may ocutput x if z < x, output y if 7 >y, and ocutput 7
otherwise.
18697} The cquations above limit the values of the collocated sample to be located
within the reference layer. For example, when a horizontal location of the reference
sarnple 1s located to the left of a left reference picture boundary, the video coder may
replace the horizootal location with a focation of the left reference picture boundary.
Likewise, when the horizontal location of the reference sample is located to the right of
a right reference picture boundary, the video coder may replace the borizontal location
with a location of the right reference pictare boundary. When a vertical location of the
reference sample is located above a top reference picture boundary, the video coder may
replace the vertical location with a location of the top reference picture boundary.
When the vertical location of the reference sample is located below a bottom reference
picture boundary, the video coder may replace the vertical location with a location of
the bottom reference picture boundary. Video encoder 20 and/or video decoder 30 may
then apply the mter-layer prediction constraints {c.g., offest delays) for the CTU i the

current layer with the determined boundary CTU as the reference.



WO 2015/009665 PCT/US2014/046602

3]
1

(80981 In this way, video encoder 20 and/or video decoder 30 may determing a focation
of a colocated CTU that is present within a boundary a reference layer and apply an
inter-tayer prediction restriction (e.g., offset delay) appropriately.

(8099} Sull other techuigues of this disclosure relate to toprovements in signaling that
CTU offsets are enabled (e.g., the ctu_based_offsct_enabled flag syntax clement noted
above in Table 1 and Table 2). For example, the ctu_based offset enabled flag syntax
clement may be used (o specity that the offset delay being signaled is in units of CTUs.
In other words, when the value of the ctu_based offsct_cnabled flag syntax clement is
equal to 1, the spatial area, in units of CTUs, in cach picture of the i-th direct reference
layer, that is not used for inter-layer prediction for decoding of a picture referring to the
SPS is indicated by the syntax clement min_spatial_segment offset plusii 1] and the
syntax element min_horizontal ¢ty offset plusi] i | together.

[#168] The current design for ctu_based offset enabled flag signaling for HEVC
extensions, such as that described in JCTVC-MO463, may have cortain drawbacks. For
example, signaling a C'TU-based offset delay for one layer and signaling a slice-, tile-,
or CTU row-based offset delay for another layer (e.g., no CTU-based offset delay) may
be relatively complicated. For example, in most cases, the spatial segments used to
indicate an offsct delay may be the same for all the layers, making the separate signaling
umnecessarily complex. In this sense, it may be desirable to have a

cti based offset enabled flag syntax element as a global flag applicable to all layers
and their direct reference layers.

16361} In addition, the min_horizontal ctu_offset plusl syrdax eleraent may not be
useful when there is more than one tile in either the current layer or the current layer’s
direct reference layer {(a reference layer to which the current layer directly refers). For
example, when tiles are not aligned, the value of the min_horizontal ctu offset plusl
syntax clement may point 1o a spatial segment that belongs 1o a ditferent tile. This
could potentially introduce the need to reference data of the different tile during coding,
which may not be acceptable for purposes of parallel coding.

163162} According to aspects of this disclosure, video encoder 20 and/or video decoder
30 may implement the VPS shown m Table 3 below (where the text {removed: ..}

indicates deletions from JCTVC-MO463):
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TABLE 3

vps_exiension( ) { Deseriptor

fp restricted ref layers flag u(1}

iff ilp_restricted rvef layers flag) {

ctu_based_offsel_enabled flag u(l)

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

for{ i = 0; | < NumDirectRefLayers{ layer id in muh{i]];

o

min_spatial segment offvet plusi{ 1i[j ] uc(v)

iff min_spatial segment offsetf 1 {11>0) ¢

i
3

{removed: ctu_based offset enabled flagli][j]] | [romoved:

af1}]

i ctu_based offset enabled flag [removed: {1} 11}

min_horvizental clo_offset plosi{i ]3] ue(v)

()

et

18183} In the cxample of Table 3, the syntax cloment ctu_based offset enabled flag
cqual to 1 specifies that the spatial arca, in units of CTUs, for all direct reference layer
pictures [removed from JCTVC-MO463: in each picture of the i-th direct reference
layer], that is not used for inter-layer prediction for decoding of a picture referring to the
[removed from JCTVC-MO463: SPS] VPS is indicated by the syntax element
ouin_spatial segment offset plusi] i | and the syntax element
min_horizontal ctu offset plusi{i]together. The syntax clement

¢t _bascd offset cnabled flag equal to O specifies that the spatial area, in units of sice
segments, tiles, or CTU rows, {removed from JCTVC-MO463: in cach picture of the 1-th
direct veference layer] for all divect reference layer pictures, that 1s not used for mter-
layer prediction for decoding of a picture referring to the VPS is indicated by
min_spatial segment offset plusii 1] only. When not present, the value of

ctu_based offset_cnabled flagii ] is inferred to be equal to 0. According to aspects of
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this disclosure, it may be a requirement of bitstream conformance that when the syntax
clement tiles enabled flag is equal to 1 for the active PPS of the all layer then the
syntax clement cto_based offset ecpabled flag shall be equal to 0.

(8184} In another example, video encoder 20 and/or video decoder 30 may inplement
the VPS shown in Table 4 below (where the text [removed: ...} mdicates deletions from
JCTVC-MU463):

TABLE 4
vps_extension( } { Bescriptor

iip_restricted ref lavers flag gy

i ilp restricted ref layers flag} {

for{ 1= 1; 1 <= vps_max_layers minusl; i++ )

ctu_based offset enabled flag|i]

for( j = 0; j < NumDirectRetLayers| layer id i nub{1]} ]

A
min_spatial_segment_offset plusifilii] ue{v)
iff roin_spatial segment offsetl i [ 11>03
fremoved: c¢tu_based offset enabled flag[i{{j]] i [removed:
(B
if{ ctu_based offset cnabled flag| i J{removed: [ 1)
min_horizontal ctu offset phasi[ i1} }] ve{v)
}
}
}
}

1#185] In the cxampic of Table 4, the syntax clement cfu_based offset cnabled flagi i}
cqual to 1 specifies that the spatial arca, in units of CTUs, for all direct reference layer
pictures [removed from JCTVC-MO463: in each picture of the i-th direct reference
layer], that is not used for inter-layer prediction for decoding of a picture with layer
index 1 referving to the VPS8 [removed from JCTVC-MG463: SPS] is indicated by the
syntax clement min_spatial_segment_offset plusi{i ] and the syntax element
min_horizontal ctu offset plusi{i]together. The syntax clement

¢t _bascd offsct cnabled flagl i | equal to 0 specifies that the spatial area, in units of
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slice segments, tiles, or CTU rows, for all direct reference layer pictures removed from
JCTVC-M0463: m cach picture of the i-th divect reference layer], that is not used for
inter-layer prediction for decoding of a picture with layer ndex 1 referring to the VPS is
indicated by min_spatial_scgmont_offset plust{ 1] only. When not present, the value
of the syntax element ctu_based offset_enabled flagl 1} 1s inferred to be equal to 0.
According to aspects of this disclosure, it may be a requirement of bitstream
conformance that when the syntax element tiles_cunabled flag is equal to 1 for the active
PPS of the all layer then the syutax clement ctu_based offsct_coabled flag shall be
equal to 0. The above syntax clements may be signaled in a 8PS, a PPS, a slice header
or its extensions. The above syntax may also be signalied as an SEI message or as an
VUI message.

(8186 Snll other techniques of this disclosure relate to indicating an alignment of tileg
between layers. For example, as noted above, a tile may tnclade a partition of a picture
and may be used for parallel coding. Tile boundarics, similarly o slice boundaries,
break parse and prediction dependences so that a tile can be processed independently,
but the in-loop filters {(de-blocking and sample adaptive offset (SAO)) may still cross
tile boundaries. Implementing a tile-based structure may enable parallel processing, and
improve coding efficiency by allowing a changed decoding order of CTUs compared to
the use of slices.

{81871 For example, without loss of generality, assome that four tiles are used for
reference and enhancement fayers. In this case, video encoder 20 and/or video decoder
30 may perform coding with four processor cores, cach of which is dedicated to 2
respective one of the tles. The alignment of tiles between layers may be germane to the
manner in which the tiles are processed. For example, to ensure that the four tiles may
be processed in paraliel, video encoder 20 and/or video decoder 30 may impose cortain
restrictions. For example, the up-samphing of inter-layer filtering may not be allowed to
cross tile boundarics in a reference layer. For an enhancement tile, collocated samples
of a reference layer are regarded as unavailable if the reference layer samples belong to
(i.¢., are included within) tiles which are not aligued to this enhancement tile.

16138} According to aspects of this disclosure, an indication of whether tile boundaries
are aligned may be provided in a VPS. For example, video encoder 20 may encode (and
video decoder 30 may parse and decode) one or more syntax clements in a VPS that

indicate whether Jayers of a multi-laver bitstream are constrained to be aligned. The tile
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boundaries aligned information, as signaled in the VPS, may have a cross-laver scope
that applies to all layers of the bitstream.

(8169} In an example, video encoder 20 and/or video decoder 30 may implement the
VPS8 shown in Table 5 below:

TABLE S
vps extension{ ) { Descriptor

for{ 1= 1; 1 <= vps_max layers minusl; i++ )

for( 1= 0; <i j++)

iff direct_dependency flagli]ii 1)

direct_dependency fypefi{lj] w(v)

sipgie layer for nom_irap flag

tile_boundaries_aligned flag u(1)

aaaaaa

[#118] In the cxample of Table §, the syntax element tile boumdaries aligned flag
cqual to 1 indicates that when any two samples of one picture in an access unit belong to
one tile, the collocated samples, if any, in another picture in the same access unit belong
1o one tile, and when any two samples of one picture n an access unit belong o
different tiles, the collocated samples in another picture in the same access unit shall
belong to different tiles. The syniax clement tile_boundaries aligned flag equaltc 0
mdicates that such a restriction may or may not apply. For example, the syntax clement
tile_boundaries aligned flag equal to O may indicate that tiles may be aligned, but are
not strictly consirained to be aligned.

16311} Accordingly, the technigues may allow video decoder 30 to detormine, fora
fayer currently being decoded, whether the tile boundaries of the current layer are
aligned with any reference layer of the current layer by decoding the VPS5, For
example, video decoder 30 may determine whether each direct reference layer {e.g.,
indicated by the direct dependency flag) has tile boundaries that arc aligned with the
tiles of the current layer.

18112} FIG. 2 is a block diagram illustrating an example of video encoder 20 that may

implement techniques for processing video data 1o parallel. Video encoder 20 may
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perform intra- and inter-coding of video blocks within video slices. Intra-coding relies
on spatial prediction to reduce or remove spatial redondancy in video within a given
video frame or picture. Inter-coding relies on temporal prediction to reduce or remove
temporal redundancy in video within adjacent frames or pictures of a video sequence.
Intra-mode (I mode) may refer to any of several spatial based coding modes. Tnter-
modes, such as uni-directional prediction (P mode) or bi-prediction (B mode}, may refer
to any of several temporal-based coding modes.

16113} As noted above, video encoder 20 may be adapted to perform multiview and/or
scalable video coding. For example, video encoder 20 may be configured to encode 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 to specific
coding standards, it 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.

{8114} As shown in FIG. 2, video encoder 20 receives a current video block within a
video frame t0 be encoded. In the example of FIG. 2, video encoder 20 includes video
data memory 3%, mode select unit 40, reference picture memory 64, summer 50,
transform processing unit 52, quantization unit 54, and eniropy enceding unit 56, Mode
select unit 40, in turn, includes motion compensation unit 44, motion estimation unit 42,
mtra-prediction unit 46, and partition unit 48. For video block reconstruction, video
encoder 20 alse includes toverse quantization vait 3¥, inverse transform unit 60, and
summer 62, A deblocking filter (not shown in FIG. 2) may also be incladed to filter
block boundaries to remove blockiness artifacts from reconstructed video. If desired,
the deblocking filter would typically filter the output of summer 62, Additional filters
{in loop or post loop) may also be used in addition to the deblocking filter. Such filters
are not shown for brevity, but if desired, may filter the output of summer 30 {as an in-
loop filter).

18115} Video data memory 38 may store video data to be encoded by the componenis of
video encoder 20, The video data stored in video data memory 38 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., in intra- ot inter-coding modes. Video data memory 38 and
reference picture memory 64 may be formed by any of a variety of memory devices,

such as dynamic random access memory (DRAM), including synchronous DRAM
h as dy rand ry (DRAM), including synchr DRAM
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(SDRAM), magnetoresistive RAM (MRAM), resistive RAM (RRAM]}, or other types of
memory devices. Video data memory 38 and reference picture memory 64 may be
provided by the same memory device or separaic memory dovices. In various
examples, video data memory 38 may be on-chip with other components of video
encoder 20, or off-chip relative to those components.

[#116] During the encoding process, video encoder 20 reccives a video frame or shice to
be coded. The frame or slice may be divided into multiple video blocks. Motion
cstimation unit 42 and motion compeunsation unit 44 perform imter-predictive coding of
the received video block relative 1o one o more blocks in one or more reference frames
to provide temporal prediction. Intra-prediction unit 46 may alternatively perform intra-
predictive coding of the received video block relative to one or more neighboring blocks
n the same frame or slice as the block to be coded to provide spatial prediction. Video
encoder 20 may perform multiple coding passes, e.g., to select an appropriate coding
mode for each block of video data.

16317} Moreover, partition unit 48 may partition blocks of video data into sub-blocks,
based on evalaation of previous partitioning schemes in previous coding passes. For
example, partition unit 48 may initially partition a frame or shce into LCUs, and
partition each of the LCUs into sub-CUs based on rate-distortion analysis {e.g., rate-
distortion optimization). Mode select unit 40 may further produce a quadtrec data
structure indicative of partitioning of an LCU into sub-CUs. Leaf-node CUs of the
guadtree may include one or more PUs and one or more TUs.

16118} Mode select unit 40 may sclect one of the coding modes, intra ot inter, e.g.,
based on error results, and provides the resulting intra- or mter-coded block to summer
50 to generate residual block data and to summer 62 o reconstruct the encoded block
for usc as a reference frame. Mode select unit 40 also provides syntax clements, such as
mofion vectors, infra-mode mdicators, partition information, snd other such syntax
mformation, to entropy encoding unit 56.

14119} Motion cstimation unit 42 and motion compensation unit 44 may be highly
integrated, but are iHustrated separately for conceptual purposes. Motion estumation,
performed by motion estimation unit 42, is the process of generating motion vectors,
which estimate motion for video blocks. A motion vector, for example, may indicate
the displacement of a PU of a video block within a current video frame or picture
relative to a predictive block within a reference frame {or other coded unit) relative to

the current block being coded within the current frame {or other coded unit), A
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predictive block s a block that is found to closely match the block to be coded, in terms
of pixel difference, which may be determined by sum of absclute difference (SAD), sum
of square difference (S50}, or other difference metrics. In some cxamples, video
encoder 20 may calculate values for sub-integer pixel postiions of reference pictures
stored in 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 estimation unit 42 may
perform a motion scarch relative to the full pixel positions and fractional pixel positions
and output a motion vector with fractional pixel precision.

[6128] 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 entropy encoding unit
56 and motion compensation umnit 44.

(6121} 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 unit 42. Again, motion estimation unit 42 and motion compensation
unit 44 may be functionally integrated, in some examples. 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
fists. Summer 50 forms a residual video block by subtracting pixel values of the
predictive block from the pixel values of the current video block being coded, forming
pixel difference values, as discussed below. In gencral, motion estimation unit 42
performs motion estimation relative to luma components, and motion compensation unit
44 uses motion vectors caleulated based on the luma components for both chroma
components snd luma components. Mode sclect unit 40 may also gencrate syntax
clements associated with the video blocks and the video slice for use by video decoder
30 in decoding the video blocks of the video slice.

(6122} Intra-prediction unit 46 may intra-predict a current block, as an alternative to
the inter-prediction performed by motion estimation unit 42 and motion compensation
unit 44, as described above. In particular, intra-prediction unit 46 may determine an

mira-prediction mode to use to encode a current block. In some examples, intra-
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prediction unit 46 may encode a current block using various intra-prediction modes,
e.g., during separate encoding passes, and intra-prediction unit 46 (or mode select unit
40, in some examples) may select an appropriate intra-prediction mode 10 use from the
tested modes.

{8123} For example, intra-prediction unit 46 may calculate rate-distortion values using a
rate-distortion analysis for the various tested intra-prediction modes, and select the
intra-prediction mode having the best rate-distortion characteristics among the tested
modes. Rate-distortion analysis generally detormines an amount of distortion (or errot)
between an encoded block and an original, unencoded block that was encoded to
produce the encoded block, as well as a bitrate {that is, a number of bits) used to
produce the encoded block. Intra-prediction unit 46 may calculate ratios from the
distortions and rates for the various encoded blocks to determine which intra-prediction
mode exhibits the best rate-distortion valoe for the block.

13124} After selecting an intra-prediction mode for a block, intra-prediction unit 46 may
provide fnformation indicative of the selected intra-prediction mode for the block to
entropy encoding unit 56, Entropy encoding unit 56 may encode the information
mdicating the selected intra-prediction mode. Video encoder 20 may include in the
transmitted bitstream configuration data, which may include & plurality of intra-
prediction mode index tables and a plurality of modified intra-prediction mode index
tables (also referred to as codeword mapping tables), definitions of encoding contexts
for varicus blocks, and indications of a most probable intra-prediction mode, an iotra-
prediction mode index table, and a modified intra-prediction mode index table to use for
each of the contexis.

(8128} Video encoder 20 forms a residuaal video block by subtracting the prediction data
from mode select unit 40 from the original video block being coded. Summer 50
represents the coraponent or components that perform this subtraction operation.
Transform processing unit 52 applics a transform, such as a discrete cosine transform
{(DCT) or a conceptually similar transform, to the residual block, producing a video
block comprising residual fransform coefficient values. Transform processing unit 52
may perform other transforms which are conceptually similar to DCT. Wavelet
transforms, integer transforms, sub-band transforms or other types of transforms could
also be used. In any case, transform processing unit 52 applies the transforn: to the
residual block, producing a block of residual transform coefficients. The transtorr may

convert the residual information from a pixel value domain to a transform domain, such
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as a frequency domain. Transform processing unit 52 may send the resulting transform
ceefficients to quantization vnit 54. Quantization unit 34 guantizes the transform
coefficients to further reduce bit rate. The quantization process may reduce the bit
depth associated with some or all of the coefficients. The degree of quantization may be
modified by adjusting a quantization parameter. In some examples, quantization unit 54
may then perform a scan of the matrix inchuding the quantized transform coefficients.
Alternatively, entropy encoding unit 56 may perform the scan.

18126} Following quantization, entropy encoding unit 36 entropy codes the quantized
transform coefficients. For exanmple, entropy encoding unit 56 may perform context
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding
{(CABAC), syntax-based comtext-adaptive binary artthmetic coding (SBAC), probability
mterval partitioning entropy (PIPE) coding or another entropy coding techmique. [n the
case of context-based entropy coding, context may be based on neighboring blocks.
Following the eniropy coding by cniropy encoding unit 56, the encoded bitstrcam may
be transmitted to another device {e.g., video decoder 30) or archived for later
transmission or retrieval.

(8127} Inverse quantization onit 58 and inverse transform unit 60 apply inverse
quantization and inverse fransformation, respectively, o reconstruct the residual block
m the pixel domain, ¢.g., for later use as a reference block. Motion compensation unit
44 may calcolate a reference block by adding the residual block to a predictive block of
one of the frames of reference picture memory 64. Motion compensation unit 44 may
also apply one or more interpolation filters to the reconstructed residual block to
calculate sub-integer pixel values for use in motion estimation. Summer 62 adds the
reconstructed residual block to the motion compensated prediction block produced by
motion compensation unit 44 to produce a reconstructed video block for storage in
reference picture memory 64, The reconstructed video block may be used by motion
estimation unit 42 and motion compensation unit 44 as a reference block to inter-code a
block in a subsequent video frame.

163128} Video encoder 20 represents an example of a video cucoder that may be
configured to perform any of the techniques of this disclosure, alone or in any
combination. For instance, video encoder 20 may be configured to encode a multi-layer
bitstream including at least one of, in a VP8, daia that indicates whether any layers of
the multi-fayer bitstream bave an inter-fayer prediction restriction and data that indicates

whether tile boundaries are aligned between at least two of the layers of the multi-layer



WO 2015/009665 PCT/US2014/046602

(98]
~1

bitstream, and encode the multi-layer bitsteram in accordance with the data of the VPS.
Additionally or alternatively, video encoder 2 may determine a location of a reference
sampic associated with a reference picture of video data based on one or more scaled
offset values, where the reference picture 18 included in a first layer of & multi-layer
bitstream and the one or more scaled offset vahiues indicate a difference in scale between
the first layer and a second, different layer. Video encoder 20 may also determine a
location of 3 collocated reference block of video data in the first layer based on the
focation of the reference sample, and encode a current block of video data in the second
fayer relative to the collocated reference block.

[8129] FIG. 3 is a block diagram illustrating an example of video decoder 30 that may
implement techniques for processing video data i paraliel. As noted above, video
decoder 30 may be adapted to perform multiview and/or scalable video coding. For
example, video decoder 30 may be configured to decode a bitstream that conforms to
one of more video coding stendard extensions, such as SHVC, MV-HEV(, or 3D-
HEV{. However, while refercnce is made to specific coding standards, i should be
understood that the techniques are not specific to any one coding standard, and may be
implemented with fiture and/or not yet developed standards.

(81348} In the example of FIG. 3, video decoder 30 includes video data memory 68 an
entropy decoding unit 70, motion compensation unit 72, intra-prediction unit 74, inverse
gquantization unit 76, inverse transformation unit 78, reference picture memory 82 and
summet 80, Video decoder 30 may, in some examples, perform a decoding pass
generally reciprocal to the encoding pass described with respect to video encoder 20
(F1G. 2). Motion compensation unit 72 may generate prediction data based on motion
vectors recsived from entropy decoding vmnit 70, while intra-prediction unit 74 may
gencrate prediction data based on intra-prediction mode indicators reccived from
entropy decoding unit 70,

(8131} Video data memory 68 may store video data, such as an encoded video
bitstream, to be decoded by the components of video decoder 30. The video data stored
in video data memory 68 may be obtained, for example, from computer-readable
medium 16, ¢.g., from a local video source, such as a camera, via wired or wireless
network commumication of video data, or by accessing physical data storage

media. Video data memory 68 may form a coded picture buffer (CPB) that stores
encoded video data from an encoded video bitstream. Reforence picture memaory 82

may be referred to as a decoded picture buffer that stores reference video data for use in
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decoding video data by video decoder 30, e.g., in intra- or inter-coding modes. Video
data memory 68 and reference picture memory 82 may be formed by any of a variety of
memory devices, such as dynamic random access momory {DRAM), including
synchronous DRAM (SDRAM), magnetoresistive RAM (MRAM), resistive RAM
{RRAM), or other types of memory devices. Video data memory 68 and reference
picture memory 82 may be provided by the same memory device or separate memory
devices. in various examples, video data memory 68 may be on-chip with other
components of video decoder 34, or oftf-chip relative to those coraponents.

16132} During the decoding process, video decoder 30 veceives an encoded video
bitstream that represents video blocks of an encoded video slice and associated syntax
clements from video cocoder 20. Entropy decoding unit 70 of video decoder 30 entropy
decodes the bitstream to generate quantized coefficients, motion vectors or intra-
prediction maode indicators, and other syntax clements. Entropy decoding unit 70
forwards the motion voctors {o and other syntax elements o0 motion compensation unit
72. Video decoder 30 may receive the syntax clements at the video slice level and/or
the video block level.

[6133] When the video slice is coded as an intra-coded (3) shice, intra-prediction vuit 74
may generate prediction data for a video block of the current video slice based on a
signaled intra prediction mode and data from previously decoded blocks of the current
frame or picture. When the video frame s coded as an inter-coded (i.e., B, P or GPB)
slice, motion compensation unit 72 produces predictive blocks for a video block of the
current video shice based on the metion vectors and other syntax elements received from
entropy decoding unit 70, The predictive blocks may be produced from one of the
reference pictares within one of the reference picture Iists. Video decoder 30 may
censtruct the reference frame lists, List 0 and List 1, using default construction
techniques based on reference pictures stored in reference picture memory 82, Maotion
compensation unit 72 determines prediction information for a video block of the current
video slice by parsing the motion vectors and other syntax clements, and uses the
prediction informaation to produce the predictive blocks for the current video block
being decoded. For example, motion compensation unit 72 uses some of the received
syntax elements to determine a prediction mode {(e.g., intra- or inter-prediction} used to
cede the video blocks of the video slice, an inter-prediction slice type {e.g., B slice, P
shce, or GPB slice}, construction information for one or more of the reference picture

Hsts for the shice, motion vectors for each mnter-encoded video block of the shice, mter-
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prediction status for each inter-coded video block of the slice, and other information to
decode the video blocks in the current video slice.

(8134} Motion compensation unit 72 may also perform interpolation based on
interpolation filters. Motion compensation unit 72 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 72
may determine the interpolation filters used by video encoder 26 from the received
syntax clements and use the interpolation filters o produce predictive blocks.

18138} Inverse quantization unit 76 mverse quantizes, 1.¢., de-quantizes, the quantized
transform coefficients provided in the bitstream and decoded by entropy decoding unit
70. The toverse quantization process may inchude use of a quantization parameter Py
calculated by video decoder 30 for each video block in the video shice to determine a
degree of quantization and, likewise, a degree of inverse quantization that should be
applied.

16136] Inverse transform undt 78 applies an inverse fransform, ¢.g., an foverse DCT, an
mverse integer transform, or a conceptaally similar mverse transform process, to the
transform coefficients in order to produce residual blocks in the pixel domain.

(8137} Afier motion compensation urdt 72 generates the predictive block for the current
video block based on the motion vectors and other syntax elements, video decoder 30
forms a decoded video block by summing the residual blocks from inverse transform
unit 78 with the corresponding predictive blocks gencrated by motion compensation
unit 72. Sumumer 80 represents the component or components that perform this
sammation operation. [f desired, a deblocking filter may also be apphied to filter the
decoded blocks in order to remove blockiness artifacts. Other loop filters (either in the
coding loop or after the coding loop) may also be used to smooth pixel transitions, or
otherwise improve the video quality. The decoded video blocks in a given frame or
picture are then stored in reference picture memory 82, which stores reference pictures
used for subsequent motion compensation. Reference picture memory 82 also stores
decoded video for later prescutation on a display device, such as display device 32 of
FIG. 1.

[8138] Video decoder 30 may be configured to perform any or all of the techniques of
this disclosure, alone or in any combination. For instance, video decoder 30 may be
configured to decode, from a videe parameter set (VPS) of a multi-layer bitstream, at

least one of data that indicates whether any layers of the muiti-layer bitstream have an
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mter-layer prediction restriction and data that indicates whether tile boundaries are
aligned between at least two of the layers of the muolti-layer bitstream, and decode the
multi-layer biisteram in accordance with the data obtained from the VPS. Additionally
or alternatively, video decoder 30 may determine a location of a reference sample
associated with a reference picture of video data based on one or more scaled offset
values, where the reference picture is inchuded in a first layer of a muolti-layer bitstream
and the one or more scaled offset values indicate a difference in scale between the first
faver and a second, differcnt layer. Video decoder 30 may also determine a location of
a collocated reference block of video data in the first layver based on the location of the
reference sample, and decoding a current block of video data in the second layer relative
to the collocated reference block.

68139} FIG. 4 18 a conceptoal diagram illustrating various scalable dimensions for
scalable video coding (SVC). FIG. 4 illustrates an example of the scalability structure
of SVC. In particular, an example of scalabilitics in different dimensions is shown in
FI1G. 4. In this example, scalabilitics are enabled in three dimensions. [n the time
dimension, frame rates with 7.5 Hz, 15 Hz or 30 Hz can be supported by temporal
scalability (T). When spatial scalability (5) is supported, different resolations, such as
QCIE, CIF, and 4CIF, may be enabled. For cach specific spatial resolution and frame
rvate, signal-to-noise (SNR) (Q) layers can be added to improve the picture quality.
(#1481 Once video content has been encoded in such a scalable way, an extractor tool
may be used to adapt the actual delivered content according to application requircments,
which may be dependent, ¢.g., on the clierds or the transmission channel. Inthe
exanple shown in FIG. 4, cach cubic volume, 1.2, cube, contains the pictures with the
same frame rate {temporal level), spatial resolution 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 maore
scalabilitics enabled.

13141} According o the SVC specification, the pictures with the lowest spatial and
quality laver are compatible with H.264/AVC, and the pictures at the lowest temporal
fevel form the temporal base layer, which can be enhanced with pictures at higher
temporal levels., In addition to the H264/AVC compatible layer, several spatial and/or
SNR enbancement layers can be added to provide spatial and/or quality scalabilities.
SNR scalability is also referred to as quality scalability. Hach spatial or SNR

enhancement layer itself may be temporally scalable, with the same teraporal scalability
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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.

[6142] FIQG. S 1 a conceptual diagrarn illustrating 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 temporal level form the temporal basc layer,
as shown n layer 0 of FIG. 5. This teraporal base layer (layer 0) can be enhanced with
pictures of ligher temporal levels (Jayer 1). In addition to the H.264/AVC compatible
layer, several spatial and/or SNR enhancement layers can be added to provide spatial
and/or quality scalabilities. For instance, the enhancement layer can be a CIF
representation with the same resohution as layer 2. In this example, layer 3 15 a 3NR
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 enhancerent layer can enhance both spatial
resolution and frame rate. For example, layer 4 provides a 4CIF enhancement layer,
which further increases the frame rate from 15 Hzto 30 Hz

(8143} FIQG. 6 1s a conceptual diagram illustrating example access units (AUs). Each
AU includes 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 set of NAL
units corresponding o one layer within one access unit may be referred to as a “layer
component.” The example of FIG. 6 portrays layer conponents corresponding 1o the
faver components of FIG. 5. As shown in the example of FIG. 6, the coded shices in the
same time instance {(i.c., within a common AT} are successive in the bitstream order and
form: one access unit in the context of SV, Those SV access units then follow the
decoding order, which could be different from the display order and decided, e.z., by the
temporal prediction relationship.

184144} Scalable cxtensions of H264/AVC (Advanced Video Coding) are described
below. Some functionalitics of SVC are ivherited from H.264/AVC. Compared with
previous scalable standards, some of the greatest advantages of the SV extension to
H.264/AVC, namely inter-layer prediction and single-loop decoding, are reviewed
below.

[8145f The SVC cxtension of H.264/AVC supports single loop decoding. To keep a

low-complexity decoder, single-loop decoding is mandatory in SVC. With single-loop
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decoding, cach supported layer can be decoded with a single motion compensation loop.
To achieve this, the usage of inter-layer intra-prediction is only aliowed for
enthancement layer macro blocks, for which the collocated reference layer signal is
intra-coded. It is further required that all layers that are used to inter-layer predict
higher layers are coded using constrained intra-prediction.
[8146] The SV extension of H.264/AVC also supports inter-layer prediction. SVC
introduces inter-fayer prediction for spatial and SNR scalabilities based on texture,
residue and motion. Spatial scalability in SV has been generalized to any reselution
ratio between two layvers. SNR scalability can be realized by Coarse Granulanity
Scalability (CGS} or Medium Granularity Scalability (MGS). In SVC, two spatial or
CGS layers belong to different dependency layers (indicated by the syntax element
dependency_id in NAL umit header), while two MGS layers can be in the same
dependency layer. One dependency layer includes quality layers with the value of the
enhancement layers, To SV, inter-layer prediction methods are utihized to reduce inter-
laver redundancy. They are brietly infroduced in the following paragraphs.
{8147} The coding mode using inter-layer intra prediction is called “IntraBL” mode in
SV, To enable single-loop decoding, only the macroblocks (MBg), which have
collocated MBg in the base laver coded as constrained intra modes, can use inter-laver
mtra prediction mode. A constrained intra mode MB is intra-coded withowt referring to
any samples from neighboring inter-coded MBs.
18148} 1f an MB is indicated to use residual prediction, the coliocated MB in the base
fayer for inter-layer prediction must be an inter M and its residuc may be up-sampled
according to the spatial resolution ratic. The residue difference between the
enthancement layer and that of the base laver is coded. That is, the reconstruction of the
current frame 7, of the enhancement layer equals the sum of de-guantized coefficients 7,
of the enhancement layer, the temporal prediction P, from the enhancement layer, and
the quantization normalized residual coefficients ry, of the base layer, as shown below:
L=y, + P, +r
16145} The collocated base layer motion vectors may be scaled to generate predictors
for the motion vectors of MBE or MB partition in the enhancement layer. In addition,
there is one MB type named base mode, which sends one flag for cach MB. If this flag
is true and the corresponding base laver MB is not intra, then motion vectors,

partitioning modes and reference indices are all derived from base layer.
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181381 As noted above, 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 sarples are first up-sampled when
the resolution of the reference layer is lower than that of the enhancement layer. Even
in the SNR scalability case, the reference layer samples may be filiered before being
used 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 layer components or simply pictures. In SHVC, a multi-loop decoding
structure may be used and a video decoder (such as video decoder 30) may process
different layers in paralicl.

(81581} According to aspects of this disclosure, offset delay information for multi-layer
video coding may be included in a video parameter set (VPS). As noted above, the
offset delay information may indicate a delay between coding (encoding or decoding)
one layer refative to another layer to ensure that the reference data is available.
According to aspects of this disclosure, video encoder 20 may encode data indicating
offset delay mformation in a VPS. Likewise, video decoder 30 may decode, from an
encoded bitstream, the data indicating offset delay information.

(81521 In some examples, a video coder {such as video encoder 20 and/or video decoder
30) may code data of a VPS that indicates whether any layers of a multi-layer bitstream
have an inter-layer prediction restriction.  For example, a flag may be included in the
VPS to fndicate that at least onc reference layer for a layer currently being coded has an
associated offset delay. Upon determining that at feast one layer has an associated
offset delay, the video coder may determine which reference layers have the offset delay
and the offset delay associated with such layers. That is, the offsct delay information
may only be provided for reference layers having an offscet delay.

[8183] FIG. 7 18 a conceptoal diagram llustrating example tiles 1 accordance with the
High Efficiency Video Coding (HEVC) standard. HEVC contains several proposals to
make the codec more paraliel-friendly, including tiles and Wavetront parallel processing
(WPP)., HEVC WDIQ defines tiles as an integer mummber of CTBs co-occurring in one
colomn and one row, ordered consecutively in a CTB raster scan of the tile. The
division of cach picture into tiles may be reforred to as a partitioning. Tiles in a picture

are ordered consecutively in the tile raster scan of the picture as shown in FiG. 7.
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18184} For example, FIG. 7 illustrates an example CTH coding order for a picture 90
that is partitioned toto muoltiple tiles 92A, 928, 92C, 92D, 92E, 92F, 92G, 92H, 921, and
92J {collectively, “tiles 927, with tile boundaries indicated by the thick Hines. Each
square block in picture 90 represends & pixel block associated with a CTB. The mumbers
n the pixel blocks indicate positions of the corresponding CTBs (e.g., LCUsy inaule
coding order for picture 90, As illustrated in the example of FIG, 11, CTBs in tile 92A
are coded first, followed by CTBs intile 92B, followed by CTBs in tile 92C, followed
by CTBs in tide 92D, followed by CTBs in tile 92E, followed by CTBs intile 92F,
followed by CTBs m tile 920, followed by CTBs i tile 92H, followed by CTBs m tile
921, followed by CTBs m tile 92J. Within each of tiles 92, the CTBs are coded
according to a raster scan order.

[8#155] The number of tiles and the location of their boundaries may be defined for the
entire sequence or changed from pictare to picture. Tile boundarics, similarly to slice
boundarics, break parse and prediction dependences so that a tile can be processed
independently. However, in some instances, in-loop filters {e.g., de-blocking and
sample adaptive offset (SAQ) filters) may still cross tile boundaries. For example,
HEVC Working Draft 10 provides for a loop_filter_across tiles enabled flag syntax
clement specified in a PPS. When the value of the

loop filter across tiles cnabled flag syntax element is equal to 1, in-loop filtering
operations may be performed across tile boundaries in pictures referring to the PPS. A
foop filter across tiles cnabled flag syntax element equal to § specifics that in-loop
filtering operations arc not performed across tile boundaries in pictures referring to the
PPS.

[8156] Using tiles may enhance parallelism, because no (or relatively little)
communication is negded between processors or processor cores for entropy decoding
and motion compensation reconstruction. In addition, tiles may exhibit a relatively
better coding efficiency when compared 1o slices, because tiles aliow picture partition
shapes that contain samples with potentially higher correlation than slices. Tiles may
also reduce slice header overhead.

161871 When a tile is used in single-layer coding, the syntax clement

min spatial segmentation ide may be used by a video decoder (such as video decoder
30) to calcolate the maximum nunber of huma samples to be processed by one
processing thread, making the assumption that video decoder 30 maximally utilizes the

parallel decoding information. When not equal to 0, a min_spatial_scgmentation ide
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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 WD 1 there may be some picture inter-depeondencies between the different
threads, ¢.g., duc to entropy coding synchronization or de-blocking filtering across tile
or shice boundaries.

{8158} FIQ. 8 i3 a conceptoal diagram illustrating wavefronts for wavefront parallel
processing (WPP), HEVC defines a WPP techuique. When WPP is enabled, cach CTU
row of a picture is a separated partition. Compared 1o slices and tiles, however, no
coding dependences are broken at CTU row boundaries. Additionally, CABAC
probabilitics are propagated from the second CTU of the previous row, to further reduce
the coding losses. Also, WPP does not change the regular raster scan order. Because
dependences are not broken, the rate-distortion loss of a WPP bitstrear is small,
compared to a nonparallel bitstream.

18159] When WPP is enabled, a number of processors up to the number of CTU rows
can work in parallel to process the CTU row (or lines). The wavefront dependences,
however, do not allow all the CTU rows to start decoding at the beginning of the
picture. Consequently, the CTU rows also cannot finish decoding at the same time at
the end of the picture. This introduces paraliclization incfficiencies that become moere
evident when a high number of processors are used. FIG. 8 illustrates how WPP
processes rows of CTBs in parallel, each row starting with the CABAC probabilities
available afier processing the second CTB of the row above.

181681 FIG. 9 is a conceptual diagram lustrating an example enhancement layer
picture 100 predicted from aveference layer picture 104, In this example, enhancement
layer picture 100 inchudes tiles 12A-102D, while reference layer pictare 104 includes
tiles 106A, 106B. As shown by dashed lines in FIG. 9, tile 102B of enhancement layer
picture 100 corresponds to tie 106A of reference layer picture 104, while tile 102C of
enhancement layer picture 100 corresponds to tile 1068 of reference layer pictare 104,
18161} In this example, enhancement layer picture 100 has a differcnt aspect ratio than
reference layer picture 104, For instance, reference layer picture 104 may have a 4.3
aspect ratio, whereas enhancement layer pictare 100 may have a 16:9 aspect ratio.
Thus, tiles 102A, 102D of enhancement layer picture 100 do not have corresponding
tiles in reference layer picture 104. For example, tile 10ZA of enhancement layer
picture 100 includes sample 104, As indicated by vertical hashing, senple 108 does not

have an available, collocated reference layer (RL) sample in reference layer picture 104,
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Similarly, sample 114 of tile 102D of enhancement layer picture 100 does not have an
avatlable, coliocated RL sample. Samples 110, 112, however, do have available,
coflocated reference layer samples in reference layer picture 104 (as indicated by cross-
batching). Iu particular, samples 110, 112, correspond to samples 116, 118 of reference
layer picture 104,

(#1621 FIG. 9 illustrates an example in which tile boundaries of tiles 1028, 102C may
be said to be aligned with tile boundarics of tiles 106A, 106B. In some examples, tile
houndaries may be said to be aligned when, for any two enhancement layer picture
samples that lie within the same enhancement laver tile, the collocated reference layer
samples, if available, shall He within the corresponding reference layer tile and for any
two reference layer picture samples that lic within the correspondingreference layer tile,
the collocated enhancement layer samples, if avatlable, shall lie within the
corresponding enhancement layer tile. Becauose any two samples within tile 102B
would correspond o collocated samples within tile 1064, and likewise, any two
saropies within tile 106A would correspond to collocated saraples within tile 1028,
boundaries of tile 1028 may be said to be aligned with boundarics of tile 106A.
Similarly, because any two samples within tile 102C would correspond to collocated
samples within tile 1068, and likewise, any two samples within tile 106C would
correspond to collocated samples within tile 102C, boundaries of tile 102C may be said
to be aligned with boundaries of tile 106B.

14163} Tile boundary alignment may impact the manner in which a video coder (such as
video encoder 20 or video decoder 30) codes a picture (or tile). For example, in some
nstances, the video coder may restrict mter-layer prediction or certain filtering
operations in instances in which tile boundaries are not aligned.

(8164} According to aspects of this disclosure, an indication of whether tile boundaries
arc aligned may be provided ina VPS. For example, one or more syntax clements may
be included m a VPS5 that indicate whether tiles of the layers refersing to the VPS are
aligned with another. For example, the syntax clement

tile_boundaries_aligned flagl 11[ i | equal to | may indicate that, wheo any two samples
of one picture of the i-th layer specified by the VPS belong to one tile, the two
collocated samples, when both present in the picture of the j-th direct reference layer of
the i-th layer, belong to one tile, and when any two samples of one picture of the i-th
layor belong to differcot tiles, the two collocated samples, when both present o the

picture of the j-th direct reference laver of the i-th layer belong to different tiles. The
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syntax element tile_boundaries aligned flag equal to 0 indicates that such a restriction
may or may not apply. When not present, the valie of

tile boundaries aligned flagi 11 j 1 is inferred to be cqualto 0.

[8165] In some examples, the tile boundary alignment information may be provided in
the manner shown in Table 5 above. In such examples, video decoder 30 may
determine whether each direct reference layer (e.g., as indicated by a direct dependency
flag) has tile boundaries that are aligned with the tiles of the corrent layer.

18166} In this manner, a video encoder (such as video encoder 20) may encode data that
ndicates whether tile boundaries are aligned between at least two of the layers of the
mudti-layer bitstream in a VPS, Likewise, a video decoder (such as video decoder 30}
may decode, from a VPS5, data that indicates whether tile boundarics are aligned
between at least two of the layers of a multi-layer bitstream.

(81671 FIG. 10 18 a conceptual diagram illostrating enhancement layer regions that do
not have collocated reference layer regions. The example of FIG. 10 includes an
enhancement layer 130 and a base layer 132, Base laver 132 roay be used as i inter-
layer reference (veference layer) for coding enhancement layer 130, A
scaled/upsampled version of base layer 132 is illostrated within enhancement layer 130
by dashed line 134.

[8168] As shown in the example of FIG. 10, enhancement laver 134 also includes a
region 136 that is not incleded in base layer 134, Region 136 generally includes the
arca between scaled/upsampled base layer 134 and the boundary of enhancement layer
130, as indicated by the scaled offset values scaled ref layer left offset,

scaled ref layer top offset, scaled ref layer right offset, and

scaled ref layer bottom offset. That is, the value of the syntax element

scaled ref layer left offset indicates a difference in location between a left edge of
enthancement layer 130 and a left edge of scaled/upsampled base layer 134, Likewise,
scaled ref layer top offset indicates a difference in location between a top edge of
enhancement layer 130 and a top edge of scaled/upsampled base laver 134,
scaled ref layer right offset indicates a difference m location between a vight edge of
enhancement layer 130 and a right edge of scaled/upsampled base layer 134, and the
vatue of the syntax clement scaled ref layer bottom offset indicates a difference in
location between a bottom edge of enhancement layer 130 and a bottom edge of

scaled/upsarapled base layer 134, In some instances, the area betwee
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scaled/upsampled base layer 134 and the boundary of the enhancement layer 130
indicated by the offscts may include text or other screen content {e.g., not video data).
18169} According to aspects of this disclosure, a video coder (such as video encoder 20
and/or video decoder 30} may determing a location of 2 collocated sample (e.g., 2
reference sample). The video coder may also determine the location of a collocated
CTU based on the determined collocated sample. The collocated CTU may be used for
purposes of inter-layer prediction between enhancement layer 130 and base layer 132
{(e.g., where base layer 132 is a reference layer).
161768] In an example for purposes of ilhastration, the video coder may determine the
variables xRefl 1 | and yRef] 1 ] for a collocated sample of the i-th direct reference layer
according to the following equations:

xRefl[i] =

{{ %P - ScaledRefLayerLeftCffset ) * ScaleFactorX + { | << 15}y >> 16

yRef[i]=

{{ vP - ScaledReflayerTopOffset ) * ScaleFactorY +{ 1 << 15 )y >> 16
where xRefl1] represents an x-coordimate of the collocated sample and yReti]
represents a y-coordinate of the coliocated sample. In addition, xP and yP may be
sample locations inin a picture P relative to a top lefi sample of the picture, the value of
the syntax element ScaledRefLayerLeftOffset may be an indication of a distance
between the left edge of enhancement layer 130 and the left edge of scaled/upsampled
base layer 134, and the value of the syntax element ScaledRefLayerTopGifset may be
an fndication of a distance between the right edge of enbancement layer 130 and the
right edge of scaled/upsampled base layer 134, In addition, ScaleFactorX and
ScaleFactorY (scaling factors based on the size of the reference picture and the scaled
reference picture; may be determined based on the difference in scale between
enthancement layer 130 and base layer 132 according to section (G.8.1.4 of the SHVC
document noted above JCTVC-M1007).
18171} In the example sbove, according to aspects of this disclosure, the video coder
adjusts the collocated sample xRef, yRef based on the offsct values. For example, the
video coder may determine the logation of a reference sample based on scaled offscts
indicating a difference in scale between two layers, Hence, rather than mapping a
sampic of enhancement layer 130 directly fo a corresponding location in base layer 132,
the video coder may accound for the relative difference wn location due to the differences

i scale and offsets.
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16172} Afier determining the location of the collocated sample, the video coder may
determine the location of the collocated CTU. In some instances, the video coder may
separately determine the location of the respective collocated CTBs {(luma and chroma
CTBs) of a given CTU. v an example for purposes of illastration, according to aspects
of this disclosure, the video coder may determine the location of a collocated CTU
based on the following equations:

xColCtb = xRef >> refCtbLog2SizeY{ 1 |,

vColCib = yRef >> refCtbLogl2SizeYi 1],

colCtbAddr] 1 ] = xColCth{ 1] + { yColCth 11 ¥ refPicWidthinCtbsY[ 1 ] )
where xColCtb represents an x-component of a CTU (e.g., the luma CTB or one of the
chroma CTBs of the CTU), xRef represents an x-coordinate of the collocated sanple,
yColCth represents an y-component of the collocated CTU, vRef represents an v-
coordinate of the collocated sample, and colCihAddr] 1 ] represents the address of the
collocated CTU. In addition, the variables refCtbLog2SizeY 1 {1 L
refPicWidthinCthsY{ 1 ][ ] 1, and refPicHeightinCibsY{ 1 1 j | may be sct equal to
CtbLog28izeY, PicWidthinCtbsY, and PicHeightlnCibsY, respectively, of the j-th
direct reference layer of the 1-th layer. Accordingly, the variable colCtbAddr] 1]
denotes the raster scan address of the collocated CTU, in a picture in the i-th direct
veference layer, of the CTU with raster scan address equal to ctbAddr.
181731 According to aspects of this disclosure, the collocated CTU may only be used if
the collocated CTU is located in an area that satisfies offset delays. For example, as
noted above, the syntax clements min_spatial_segment_offset_plus! and
min_horizontal ctu_offser plust may be used to indicate a decoding delay of the
current layer. However, when extended spatial scalability is used, it is possible that for
a spatial segment A (slice, tile, CTU row or CTU ) in the current layer, the collocaied
spatial segment B may not be present in a direct reference layer. For example, as shown
m the example of FIG. 10, a collocated spatial scgment of a spatial segment inchided in
enhancement layer 130 may not be included in base fayer 132 {c.g., the spatial segment
may be included in arca 136, which does not have a corresponding area i base layer
132}, In such an example, the offset delay may not be accurately determined.
[8174] According to aspects of this disclosure, when the collocated CTU in a reference
layer is not present for a particular CTU in the current layer, a video coder (such as
video encoder 20 and/or video decoder 30) may adjust the values of the CTU addresses

{the x- and y-components) to the corresponding reference layer boundary such that the
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adjusted address corresponds to a CTU that is present i the reference layver. Inthe
example of FIG. 10, the video coder may addjust the addresses such that the collocated
CTU corresponds to a CTU within the boundary of base layer 132.
(8175} In an cxample for purposes of illustration, the video coder may apply a clipping
function to adjust the address of a collocated sample prior to determining the collcpated
CTU. For example, the video coder may apply the equations below:

«Reff i | = Clip3{ leftStartc, rightEnde - 1, xRef[ 1] ),

vRefl 1} = Clip3( topStarte, bottomEndc - 1, yRef[ 1 ])
where xRef] 1 ] represents the x-coodinate of the collocated sample, yRef] 1 ] represents
the y-coodinate of the collocated sample. In some examples, the video coder may
determing the variables leftStartc rightHunde topStartc and bottomEndc (where the
subscript C represents chroma samples) based on the equations below:

leftStartC = ScaledRefLayerLefiOffset / SubWidthC

rightEndC = { PicWidthinSamplesL— ScaledRefLayerRightOffset 3 / SubWidthC

topStantC = ScaledReflayerTopOftset / SubHeightC

bottomEndC = ( PicHeightinSamplesL~

ScaledRefLayerBottomCffset } / SubHeightC
with the scaled offseis (e.g., ScaledReflayerOffset) corresponding to the offsets shown
m the example of FIG. 10. While the example above is illustrated for chroma samples,
the video coder may apply similar equations for the luma CTB.
18176} In the example above, the video coder adjusts the offsets to the relative
boundaries of the reference picture when the reference sample is located outside of the
reference picture; otherwise the video coder does not adjust the location of the reference
sample. For example, when a horizontal location of the reference sample i3 located to
the left of a left reference picture boundary, the video coder may replace the horizontal
location with a Jocation of the left reference picture boundary. Likewise, when the
horizontal location of the reference sample is located to the vight of a right reference
picture boundary, the video coder may replace the horizonial location with a location of
the right reference picture boundary. When a vertical location of the reference sample 18
located above a top reference picture boundary, the video coder may replace the vertical
location with a location of the top reference picture boundary. When the vertical
location of the reference sample is located below a bottom reference picture boundary,
the video coder may replace the vertical location with a location of the bottom reference

picture boundary.
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16177} By adjusting the location of the collocated sample based on the scaled offset
values prior to locating the collocated CTU in base layer 134, the video coder may
adjost the collocated CTU to be lecated within the boundary of base laver 130

(8178} In this maouer, if the offsct delay indicates a spatial location that is not present
m a reference layer (such as base layer 132}, the video coder may still determine when
to begin coding a carrent layer {such as enhancement layer 130). That is, by adjusting
the collocated CTU to be located within the reference layer, the video coder may also
adjust the offset delay to be located in a valid location of the reference layer.

181791 In ancther example, when a CTU with address colCthAddr 15 not present in the
i-th direet reference layer, the video coder may infer the value of the syntax clement
oiin_spatial segment offset plusif i ] for that spatial segment 1s inforred to be zevo. In
this example, the video coder may also apply a number of other changes relative to
JCTVC-M0464. For example, when a cte_based offset enabled[ 1] syntax element is
equal to 0, the video coder may apply the following constraints: let CTU row A be any
CTU row in any picture picA reforring 1o the SPS and cthAddr be the raster scan
address of the last CTU in CTU row A; let CTU row B be the CTU row that 15 in the
picture picB belonging to the same access unit as picA and belonging to the i-th divect
reference layer and that contains the CTU with raster scan address colCtbAdde] 1 ]; et
CTU row C be the CTU row that is also in picB and follows CTU row B in decodimg
order, and between CTU row B and that CTU row there are
min_spatial scgment offset plastii]- 1 CTU rows in decoding order; when CTU row
C is present, the syntax clements of CTU row A are constrained such that no sample or
syntax elements values in CTU row C or row of the same picture following C are used
for inter-layer prediction in the decoding process of any samples within CTU row A, In
addition, when CTU row B s not present, the value of the syntax element

oyin_spatial segment offset plasif i ] for that spatial segment is inferred to be zero.
{8186} The video coder may apply the same constraints for other spatial segments hke
slices and tiles. For example, when slice segment B is not present, the value of the
syntax clement roin_spatial_scgment offset plusi| 1 ] for that spatial segment may be
mferred to be zero. As another example, when tile B 1s not present, the value of the
syntax element min spatial segment offset plusif i ] for that spatial segment may be
inferred to be zero.

(8181} FIG. 11A is a flow diagram Ulustrating an exampie process for encoding nulti-

layer video data including offser delay information for the video data. The process of



WO 2015/009665 PCT/US2014/046602

v
XS]

FIG. 11A s generally described as being performed by video encoder 290 for purposes of
ithustration, although a variety of other processors may also carry out the process shown
in FIG, 11A,
(8182} In the exampie of FIG, 11A, video encoder 20 may determine whether there are
any inter-layer prediction restrictions for a multi-layer bitstream currently being
encoded {150). For example, video encoder 20 may apply inter-layer prediction
restrictions when encoding multiple layers that may be decoded in paraliel. The
particular offset delay parameters may depend on the particular architecture of video
encoder 20 {e.g., the number of processing cores or the like).
[6183] If there are inter-layer restrictions ("YES” branch of 150}, video encoder 26 may
encode an offset delay indication and the offsct delays for cach reference layer (152).
According to aspects of this disclosure, video encoder 20 may encode such information
ina VPR, For example, video encoder 20 may encode data, in the VPS, tndicating
whether there are any inter-layer prediction restrictions. The data may, in some
instances, foclude one or more syntax clements that indicate whether at least one
reference layer has an associated offset delay. Video encoder 20 may also encode data
idicating the offset delay {c.g., the spatial area of the offset delay) for each reference
layor having a delay.
(8184} Video encoder 20 may then encode the layers in accordance with the data of the
/P8 {134}, In some instances, video encoder 20 may encede the layers in parallel.
[#185] FIG. 11B is a flow diagram iilustrating an example process for decoding multi-
fayer video data including offset delay mformation for the videe data. The process of
FIG. 118 is generally described as being performed by video decoder 30 for purposes of
ithustration, although a variety of other processors may also carry out the process shown
in FIG, 118,
(8186} In the example of FIG. 111, video decoder 30 may determine whether there are
any inter-layer prediction restrictions for a multi-layer bitstream currently being
encoded {158). For example, video decoder 30 may determine whether any divect
reference layer for a current laver (where the direct reference layer is referred to by the
current layer for purposes of inter-layer prediction) have an associated offset delay.
According to aspects of this disclosure, video decoder 30 may make the inter-layer
prediction restriction determination based on data included in a VPS. The data may, in
some instances, include one or more syuntax clements that indicate whether at least one

reference layer has an associated offset delay. Video decoder 30 may also decode data
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ndicating the offset delay (e.g., the spatial area of the offset delay) for each reference
layer having a delay.

(8187} Video decoder 30 may then decode the layers in accordance with the data of the
VPS (162). For example, in some instances, video decoder 30 may decode one layer
relative to another layer. In addition, video decoder 30 may adhere to the determined
offset parameters (as specified in the VPS deseribed above) when decoding mudtiple
tayers in pavallel. That is, video decoder 30 may wait to decode a current layer until the
specified amount of video data from a reference layer (as specified by the offset delay}
has been decoded.

[6188] FIG. 12 15 a flow diagram illustrating an example process for determining a
collocated block of video data in roulti-layer video coding. The collocated block may
be used for purposes of inter-layer prediction and may be determined when
implementing an offset delay. The method of FIG. 12 is generally described as being
performed by a video coder. The video coder may correspond to, for example, video
encoder 20 or video decoder 30, or other such video coding devices (o.g., video
transcoding devices).

{8189} In the example of FIG. 12, the video coder may determine a location of a
collocated reference samaple (170). For example, v multi-layer video coding, the video
coder may mitially determine a location of a sample In 4 layer carrently being coded.
The video coder may then map the location of the sample to a corvesponding collocated
focation in a reference layer.

163196] The video coder may adjust the location of the refercnce sample to be located
within the reference picture (172). For example, in some mstances, a block in a corrent
picture (e.g., a current CTU) may not have a corresponding block in a reference picture
{e.g., a collocated CTU), e.g., as shown in the examples of FIGS. 9 and 10, fthe
coflocated block is not available in the reference picture, in some examples, the video
coder may not apply an offset delay associated with the reference layer appropriately.
For example, the video coder may implement an offset delay by locating a spatial
segment indicated by the delay 1 a currend layer and mapping the spatial segment to 2
collocated position in the reference layer. If the collocated spatial segment is not
avatlable, the video coder may not be able to properly implement the offset delay.
(8191} According to aspects of this disclosure, the video coder may adjust the location
of the reference sample by determining a location of the saraple that is within the arca of

the reference pictare. For example, scaled offset values associated with the current
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picture (as shown, for example, in FIG. 10) may indicate the boundaries of the reference
picture. The video coder may adjost the location of the collscated sample to be within
these boundaries. In some examples, according to aspects of this disclosure, the video
coder may chip the location of the reference sampie such that the reference sample is
within the reference picture, e.g., using a clipping function. If the reference sample is
already included in the boundary of the reference picture, the video coder may not
perform the adjustment described above.

18192} The video codor may then determine the location of a collocated block based on
the reference sample (174). For example, the video coder may determine a size of the
colloeated block and locate that appropriately sized block at the location of the reference
sample. In some examples, the video coder may determine the collocated block when
applying an offsct delay for inter-layer prediction. The video coder may code the
carrent block relative to the collocated block (176).

18193} FIG. 13 is a flow diagram illustrating an cxample process for determining tile
alignment information in multi-layer video coding. The method of FIG. 13 is generally
described as being performed by a video coder. The video coder may correspond to, for
example, video encoder 20 or video decoder 30, or other such video coding devices
{e.g., video transcoding devices).

(8184 In this example, the video coder codes one or more reference layer tiles (180},
The video coder then determines whether tile boundarics of the enhancement layer are
aligned (182). For example, video encoder 20 may detormine whether to align reference
fayer boundaries, and may encode a value for a syntax clement indicating whether tile
boundaries are aligned, such as the tile_boundaries aligned flag syntax clement,
whereas video decoder 30 may determine whether reference layer boumdaries are
aligned, ¢.z., based on a valuc of a syntax element, such as

tile_boundaries_aligned flag. Tie boundaries of the enhancement layer picture may be
said to be aligned with tile boundarics of the reference layer picture when, for any two
enhancement layer picture samples that lie within the same enhancoment layer tile, the
collocated reference layer sanmples, if available, also lie within the same reference layer
tile and for any two reference laver picture samples that hie within the same reference
layer tile, the collocated enhancement layer samples, if available, also le within the
same cnhancement layer tile.

(8195} According to aspects of this disclosure, video encoder 20 may encode data

mdicating whether tile boundaries are aligned in a VPS. Likewise, video decoder 30
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may decode data indicating whether tile boundaries are aligned from a VPS, The data
indicating whether tile boundaries are aligned may not be layer specific, and may
provide a cross-iayer indication of whether tile boundaries are constrained to be aligned.
(8196} Wheo the tile boundaries of the enbancergent layer picture are not aligned with
the tile boundaries of the reference layer picture (“"NO” branch of 182), the video coder
may code the video data accordingly (184}, For example, the video coder may, in some
instances, apply restrictions on inter-layer prediction, filtering, ov the like. Un the other
hand, when the tile boundaries of the enhancement layer picture are aligned with the tile
boundaries of the refercnee layer picture (“YES” branch of 182}, the video coder may
cede the video data accordingly (186). For example, the video coder may use inter-
layer prediction, filtering, or other techmiques with tile boundarics aligned.

(8197} Certain aspects of this disclosure have been desceribed 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.

[8198] A video coder, as described in this disclosure, may refer to a video encoder or a
video decoder. Sumilarly, 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.

131997 It is to be recognized that depending on the example, certain acis or events of
any of the techniques described herein can be performed in & difforent sequence, may be
added, merged, or left out altogether (e.g., not all described acts or events are necessary
for the practice of the techniques). Moreover, in certain examples, acts or events may
be performed concurrently, ¢.g., through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

[68288] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thercof, If implomented in software,
the functions may be stored on or fransmitted over as one or more instructions or code
on a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may inchude computer-readable storage media, which
corresponds o a tangible medium such as data storage media, or communication media
including any medium that facilitates transter of a computer program from oune place to

another, e.g., according to a communication protocol. In this mammer, computer-
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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
catrier wave. Data storage media may be any available media that can be accessed by
01C OF JOTC COMPULCTS OF ONC OF TUOKS Processors to retrieve mstructions, code and/or
data stractares for implementation of the technigues described in this disclosure. A
computer program product may include a computer-readable medium.

18281} By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, maguetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desired program code in the form of tnstructions or data structures
and that can be accessed by a computer. Also, any connection is properly termaed &
computer-readable mediom. For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologics such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carricr waves, signals, or other tfransitory
media, but are instead directed to non-transitory, tangible storage media. Disk and disc,
as used heretn, includes compact disc (CD), laser disc, optical disc, digital versatile disc
(DYDY, floppy disk and Blu-ray disc, where disks vsually reproduce data magnetically,
while discs reproduce data optically with lasers. Conbinations of the abeve should also
be included within the scope of computer-readable media.

{8262} Instructions may be exccuted by one or more processors, such as one or more
digital signal processors (IDSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implernentation of the techuiques described herein. In addition, In some aspects, the
functionality described heremn may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a8 combined
codec. Also, the technigues could be fully implemented in one or more circuits or logic

clements.
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16243} The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wircless handset, an integrated circuit (IC) or a set of
iCs {e.g., a chip set). Various compongnts, modules, or units are described in thig
disclosure to emphasize functional aspects of devices counfigured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combioed in a codec hardware
unit or provided by a collection of interoperative hardware gails, including one or more
processors as described above, in conjunction with suitable software and/or fivouware.
18284} Various examples have been described. These and other examples are within the

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

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

determining a focation of a reference sample associated with a reference picture
of video data based on one or more scaled offset values, wherein the reference picture is
mcladed in a first layer of a multi-layer bitstream and the one or more scaled offset
vahies indicate a difference in scale between the first layer and 3 second, different layer;

determining a location of a collocated reference block of video data in the first
layer based on the location of the reference sample; and

decoding a carrent block of video data n the second layer relative to the

collocated reference block.

2. The method of claim 1, wherein the collocated reference block comprises a
collocated coding tree unit (CTY), such that determining the location of the collocated
reference block conyprises determining a location of the collocated CTU.

3. The method of claim 2, wherein determining the location of the collocated CTU

comprises determining a raster scan address of the collocated CTU.

4. The method of claim 1, further comprising decoding the one or more scaled
offset values from the multi-layer bitstream.

5. The method of claim {, further comprising, prior to determining the location of
the collocated reference block, adjusting the location of the reference sample such that

the reference sample 1s located within the refercnce picture,

6. The method of claim 5, wherein adjusting the location of the reference sample
comprises clipping a location of the reference sample based on the ong or more scaled

affset values.
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7. The method of claim 6, wherein clipping the location of the reference sample
comprises:

when a borizontal location of the reference sample is located to the left of a lefi
reference picture boundary, replacing the horizontal location with a location of the left
reference picture boundary;

when the horizontal location of the reference sample is located to the right of a
right reference picture boundary, replacing the horizountal location with a focation of the
right reference picture boundary;

when a vertical location of the reference sample is located above a top reference
picture boundary, replacing the vertical location with a location of the top reference
picture boundary; and

when the vertical location of the reference sample is located below a bottom
reference picture boundary, replacing the vertical focation with a location of the bottom

reference picture boundary.

R. The method of claim |, wherein the multi-layer bitstream is a scalable bitstream,
first layer is a base layer of the scalable bitstream, and the second layer is an

enhancoment layer of the scalable bitstrean.

9. A method of encoding video data, the method comprising:

determining a location of a reference sample associated with a reference picture
of video data based on one or more scaled offset values, wherein the reference picture is
mechided in a fivst layer of a multi-layer bitstream and the one or more scaled offse
values indicate a difference in scale between the first layer and a second, different layer;

determining a location of a collocated reference block of video data in the first
layer based on the location of the reference sample; and

encoding a current block of video data n the second layer relative to the

collocated reference block.

10. The method of ¢laim 9, wherein the collocated reference block comprises a
celocated coding tree unit (CTU), such that determining the location of the collocated

reference block comprises determining a location of the collocated CTUL
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1. The method of claim 10, wherein determining the location of the collocated

CTU comprises determining a raster scan address of the collocated CTU.

12. The method of claim 9, further comprising encoding the one or more scaled

offset values in the mudti-layer bitstream.

13. The method of claim 9, further comprising, prior to determining the location of
the collocated reference block, adjusting the location of the reference sample such that

the reference sample is located within the reference picture.

14, The method of claim 13, wherein adjusting the location of the reference sanmple
comprises clipping a location of the reference sample based on the one or more scaled

offset values.

15. The method of claim 14, wherein clipping the lecation of the reference sample
COmMprises:

when a horizontal location of the reference sample s located to the left of a left
reference picture boundary, replacing the horizontal location with a location of the left
reference picture boundary;

when the horizontal location of the reference sample is located to the right of a
right reference picture boundary, replacing the horizountal location with a focation of the
right reference picture boundary;

when a vertical location of the reference sample is located above a top reference
picture boundary, replacing the vertical location with a location of the top reference
picture boundary; and

when the vertical location of the reference sample is located below a bottom
reference picture boundary, replacing the vertical location with a location of the bottom

reference picture boundary.

16. The method of claim 9, wherein the multi-layer bitstream is a scalable bitstream,
first layer is a base layer of the scalable bitstream, and the second layer is an

enthancement layer of the scalable bitstream.
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17. Anapparatus that performs video coding, the apparatus comprising:

a memory storing video data; and
a video coder configured to:

determine a location of a reference sample associated with a reference
picture of video data based on one or more scaled offset values, wherein the
reference picture 1s included in a first layer of a multi-layer bitstream and the
one or more scaled offset values indicate a difference in scale between the first
layer snd a second, different layer;

determine a focation of a collocated reference block of video data in the
first layer based on the location of the reference sample; and

code a current block of video data in the second layer relative to the

collocated reference block.

18, The apparatus of ¢laim 17, wherein the coliocated reference block comprises a
collocated coding tree unit (CTU), such that to determine the location of the collocated
reference block, the video coder 1s configured to determine a location of the collocated

CTH.

19, The apparatus of claim 18, wherein to determine the location of the coliocated
CTU, the video coder is configured to determine a raster scan address of the collocated

CTU.

20, The apparatus of claim 17, wherein the video coder is further configured to code

the one or more scaled offset vahies in the muldti-layer bitstream,

2. The apparatus of claira 17, wherein the video coder is further configured to,
prior to determining the location of the collocated reference block, adjust the location of
the refercnce sample such that the reference sample is located within the reference

picture.

22, The apparatus of claim 21, wherein to adjust the location of the reference
sampie, the video coder is configured to clip a location of the reference sample based on

the one or more scaled offset values.
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23. The apparatus of claim 22, wherein to clip the location of the reference sample,
the video coder is configured to:

when a borizontal location of the reference sample is located to the left of a left
reference picture boundary, replace the horizontal Jocation with a location of the [eft
reference picture boundary;

when the horizontal location of the reference sample is located to the right of a
right reference picture boundary, roplace the horizontal location with a location of the
right reference picture boundary;

when a vertical location of the reference sample is located above a top reference
picture boundary, replace the vertical location with a location of the top reference
picture boundary; and

when the vertical location of the reference sample is located below a bottom
reference picture boundary, replace the vertical location with a location of the bottom

reference picture boundary.

24. The apparatus of claim 17, wherein the multi-laver bitstream 1s a scalable
bitstream, first layer is a base laver of the scalable bitstream, and the second layer is an

enhancoment layer of the scalable bitstrean.

25.  The apparatus of claim 17, wherein to code 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 oulti-layer bitstreany
transtorm the residual data; and
encode data representing the transformed residual data in the muolti-layer

bitstreant.

26, The apparatus of claim 17, wherein to code the video data, the video coder is
configured to decode the video data, comprising:

parse, froro the multi-laver bitstream, data representing residual video data for at
feast one layer of the multi-layer bitstream;

mverse transform the residual data; and

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

residual data.
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27. The apparatas of claim 17, further conmprising a display device configured to

present the video data,

28. The apparatus of claim 17, further comprising a wireless modem counfigured to

receive the video data.

29.  An apparatus that performs video coding, the apparatus comprising:

means for determining a location of 2 reference sample associated with a
reference picture of video data based on one or more scaled offset values, wherein the
reference picture is included in a first layer of a muldti-layer bitstream and the one or
more scaled offset values indicate a difference i scale between the first layer and a
second, different layer;

means for determining a location of a collocated reference block of video data in
the first layer based on the location of the reference sample; and

means tor coding a current block of video data in the second layer relative to the

collocated reference block.

30.  The apparatus of claim 29, wherein the collocated reference block comprises a
collocated coding tree unit (CTU), such that the means for determining the location of
the collocated reference block comprises means for determining a location of the

collocated CTU.

3L The apparatus of claim 30, wherein the means for determining the location of the
collocated CTU comprises means for determining a raster scan address of the collocated

CTuU.

32. The apparatus of claim 29, further comprising means for coding the one or more

scaled offsct values in the nulti-layer bitstream.

33. The apparatus of claim 29, firrther comprising, prior to determuning the location
of the collocated reference block, means for adjusting the location of the reference

sampie such that the reference sample is located within the reference picture.
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34. The apparatus of claim 33, wherein the means for adjusting the location of the
reference sample comprises means for clipping a location of the reference sample based

on the one or more scaled offset values.

35, The apparatus of claim 34, wherein the means for clipping the location of the
reference sample comprises:

when a horizontal location of the reference sample is located to the left of a feft
reference picture boundary, means for replacing the horizoutal location with a location
of the left reference picture boundary;

when the horizontal location of the reference sample is located to the right of a
right reference picture boundary, means for replacing the horizontal location with 2
location of the right reference picture boundary;

when a vertical location of the reference sample is located above a top reference
picture boundary, means for replacing the vertical location with a location of the top
reference picture boundary; and

when the vertical location of the reference sample is located below a bottom
reference picture boumdary, means for replacing the vertical location with a location of

the bottom reference picture boundary.,

36. The apparatus of claim 29, wherein the muolti-layer bitstream is 8 scalable
bitstream, first layer is a base layer of the scalable bitstream, and the second layer is an

enhancement layer of the scalable bitstream.

37. A non-transitory computer-readable medium storing instructions thereon that,
when exccuted, cause a video coder to:

determine a location of a reference sample associated with a reforence pictre of
video data based on one or more scaled offset values, wherein the reference picture is
included in a first layer of a multi-layer bitstream and the one or more scaled offset
valtues indicate a difference i scale between the fivst layer and a second, different layer;

determine a location of a collocated reference block of video data in the first
layer based on the location of the reference sample; and

code a current block of video data in the second layer relative to the collocated

reference block.
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38, The non-transitory computer-readable medium of claim 37, wherein the
collocated reference block comprises a collocated coding tree unit (CTU), such that to
determine the location of the collocated reference block, the instructions cause the video

coder to determine a focation of the collocated CTU.

39. The non-transttory computer-readable medium of claim 38, wherein to
determine the location of the collocated CTU, the insiructions cause the video coder to

determine a raster scan address of the collocated CTU.

44. The non-trapsitory computer-readable mediom of claim 37, wherein the
mstructions cause the video coder to code the one or maore scaled offset values inthe

multi-layer bitstream.

41. The non-transtiory computer-readable medium of claim 37, wherein the
nstractions cause the video coder to, prior to detormining the location of the collocated
reference block, adjust the location of the reference sample such that the reference

sample 1s located within the reference picture.

42, The non-transitory computer-readable medium of claim 41, wherein to adjust the
location of the reference sample, the instructions cause the video coder to clip a location

of the reference sample based on the onc or more scaled offset values.

43, The non-transitory computer-readable medinm of claim 42, wherein to clip the
location of the reference sample, the Instructions cause the video coder to:

when a borizontal location of the reference sample is located to the left of a lefi
reference picture boundary, replace the horizontal Jocation with a location of the [eft
reference picture boundary;

when the horizontal location of the reference sample is located to the right of a
right reference picture boundary, veplace the horizontal location with a location of the
right reference picture boundary;

when a vertical location of the reference sample is located above a top reference
picture boundary, replace the vertical location with a location of the top reference

picture boundary; and
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when the vertical location of the reference sample is located below a bottom
reference picture boundary, replace the vertical location with a location of the bottom

reference picture boundary.

44, The non-transitory computer-readable medium of claim 37, wherein the multi-
layer bitstream is a scalable bitstream, first layer is a base layer of the scalable

bitstream, and the sccond layer is an enhancement layer of the scalable bitstream.
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