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CONTEXT MODELING FOR SIGN PREDICTION FOR VIDEO CODING

[B8001] This application claims priority to U.S. Patent Application No. 17/656,319, filed
March 24, 2022 and U.S. Provisional Application No. 63/167 507, filed March 29, 2021,
the entire contents of cach of which are incorporated by reference herein. U.S. Patent
Application No. 17/656,319, filed March 24, 2022 clatms the benefit of U.S. Provisional
Application No. 63/167,507, filed March 29, 2021,

TECHNICAL FIELD

{8002 This disclosure relates to video encoding and video decoding.

BACKGROUND

{8003} Digital video capabilities can be incorporated into a wide range of devices,
ncluding digital televisions, digital direct broadcast systems, wireless broadcast systems,
personal digital assistants (PDAs), lapiop or deskiop computers, tablet computers, e-book
readers, digital cameras, digital recording devices, digital media players, video gaming
devices, video game counsoles, cellular or satellite radio telephones, so-called “smant
phones,” video teleconferencing devices, video streaming devices, and the ke, Digttal
video devices tmplement video coding techniques, such as those described in the
standards defined by MPEG-2, MPEG-4, ITU-T H 263, ITU-T H.264/MPEG-4, Part 10,
Advanced Vidoo Coding (AVC), ITU-T H.265/High Efficiency Video Coding (HEV(),
TTU-T H.266/Versatile Video Coding (VVC), and extensions of such standards, as well
as proprietary video codecs/formats such as AOMedia Video 1 {AV 1) that was developed
by the Alliance for Open Media. The video devices may transmif, receive, encode,
decode, and/or store digital video mformation more cfficicntly by umplementing such
video coding techniques.

{0804} Video coding techniques include spatial (intra-picture) prediction and/or temporal
{uder-picture) prediction to reduce or remove redundancy inherent 1 video sequences.
For block-based video coding, a video slice {e.g., a video picture or a portion of a video
pictare) may be partitioned nto video blocks, which may also be referred 1o as coding
tree vanits {CTUs), coding units (CUs) and/or coding nodes. Video blocks i an intra-
coded (1) slice of a picture are encoded using spatial prediction with respeet to reference

samples in neighboring blocks n the same picture. Video blocks in an inter-coded (P or
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B) slice of a picture may use spatial prediction with respect to reference samples in
neighboring blocks in the same picture or temporal prediction with respect to reference
samples in other reference pictures. Pictures may be referred to as frames, and reference

pictures may be referred to as reference frames.

SUMMARY

{0005} Tn general, this disclosure describes technigues for sign prediction in video coding.
In particuiar, this disclosure describes techmgues for determining a context for coding a
sign prediction syntax element using context-based coding. A sign prediction syntax
clement 15 a svatax clement that mdicates whether a sign prediction hvpothesis for a
transform coefficient matches the actual sign value of the transform coefficient. A sign
prediction hypothesis 1S a prediction as to whether the sign of a particular transform
coefficicnt has a positive or negative value. A video coder may determine a context {e.g.,
a probability model) for coding the sign prediction using context-based coding.

{8006} In particular, this disclosure describes techniques wherein a video coder is
configured to determine the context based on one or more of a position of the transform
coefficient tn a block and/or a coding mode (e.g., inter or intra coding) used for coding
the block. Because the charactenistics {e.g., magnitudes and signs) of transform
coefficients may differ based on the position within the block and/or the coding modes
used to generate the transform cocfficients, using the position of the transform coefficient
and/or the coding mode to deternune a context for coding a sign prediction may tmprove
coding efficiency.

{3097} In one example, this disclosure describes a method of decoding video data, the
method comprising determining a context for decoding a sign prediction syntax clement
for a transform cocfficient based on a posttion of the transform cocfficient in a block of
video data, wherein the sign prediction syntax element indicates whether a sign prediction
hypothesis is correct for the transform coefficient, and decoding the sign prediction syntax
clement using the context.

{3008} In another example, this disclosure describes an apparatus configured 1o decode
video data, the apparatus comprising a memory configured to store a block of video data,
and one or more processors implemented in circnitry and in communication with the
racruory, the one or more processors configured to deternune a countext for decoding a

sign prediction svotax element for a transform coefficient based on a position of the
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transform coefficient in the block of video data, wherein the sign prediction syntax
clement indicates whether a sign prediction hypothesis is correct for the transform
coefficient, and decode the sign prediction syntax clement using the context.

{00609} In another example, this disclosure describes an apparatus configured to decode
video data, the apparatus comprising means for determining a context for decoding a sign
prediction syntax element for a transform coefficient based on a position of the transform
coefficient in a block of video data, wherein the sign prediction syntax element indicates
whether a sign prediction hypothesis is correct for the transform coefficient, and means
for decodmg the sign prediction syntax clement using the context.

{8618} In another example, this disclosure describes a non-transitory computer-readable
storage medim storing instructions that, when executed, cause one or More processors
configured to decode video data to determine a context for decoding a sign prediction
syntax element for a transform coefficient based on a position of the transform coefficient
in the block of video data, wherein the sign prediction syntax clement indicates whether
a sign prediction hypothesis is correct for the transform coefficient, and decode the sign
prediction syntax clement using the context.

{8611} In another example, this disclosare describes an apparatos configured to encode
video data, the apparatus comprising a memory configured to store a block of video data,
and one or more processors implemented i circuitry and i conununication with the
memory, the one or more processors configured to determine a context for encoding a
sign prediction syntax clement for a transform coefficient based on a position of the
transform coefficient in the block of video data, wheremn the sign prediction syntax
clement indicates whether a sign prediction hypothesis is correct for the transform
coefficient, and encode the sign prediction syntax element using the context.

{8612} The details of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent from

the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

{8013} FIG. 1 is a block diagram illustrating an example video encoding and decoding
system that may perform the technigues of this disclosure.
{6014} FIG. 2 is a conceptual diagram dlustratmg an example transform block

decomposition in accordance with the techmigues of this diselosure.
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{8018} FIG. 3 15 a conceptual diagram illustrating an example discontimuty measure in
sign prediction in accordance with the technigues of this disclosure.

{8016} FIG. 4 1s a conceptual diagram showing example positions of transform
coefficients m accordance with the technigues of this disclosure.

{8617} FIG. 3 is a block diagram illustrating an example video encoder that may perform
the techniques of this disclosure.

{8618} FIG. 6 is a block diagram illustrating an example video decoder that may perform
the techniques of this disclosure.

{6015} FIG. 7 15 a flowchart illustrating an example method for encoding a current block
in accordance with the techniques of this disclosure.

18028} FIG. 8 is a flowchart illustrating an example method for decoding a current block
in accordance with the techniques of this disclosure.

{8021} FIG. 9 is a flowchart itlustrating another example method for encoding a current
block in accordance with the techniques of this disclosure.

{6022} FIG. 10 1s a flowchart tlustrating another example method for decoding a current

block in accordance with the techmigues of this disclosure.

DETAILED DESCRIPTION

{88231 A video encoder may code a block of video data using a coding mode, such as
inter prediction or intra prediction.  In some examples, the video encoder may form a
residual block of video data that represents the differences between the block being coded
and a predictive block. The residual block may then be transformed into the frequency
domain to create a block of transform coefficients. The transform coefficients may be
quantized to intoger values. Each transform cocfficient is represented by a magaitude
{c.g., an absolute value) and a sign {¢.g., positive or negative).

(6024} In some examples, the video encoder may be configured to perform sign
prediction for a certain number of transform coefficients. For example, if two signs are
predicted, then there can be 4 possible combinations, ot sign prediction hypotheses: (+,
+3, {(+, =}, (=, +}, {~, —). For all four combinations, a cost function is calculated and the
combination (e.g., the sign prediction hypothesis} with the minimuom cost 1 selected as a
sign predictor combination. A video decoder may perform a reciprocal process.

{8028} For the transform cocfficients on which sign prediction is performed, mstead of

bypass signabing, a video encoder may encode and signal a context coded bin {e.g, a sign
k £ ) & 5 E
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prediction syntax element) to indicate whether the actual transform coefficient sign is
equal to the hypothesis or not. Tn previous technigues, the contexts used to code the sign
prediction syntax elements were dependent on the transform coefficient magnitude. This
disclosure describes different technigues of determining the contexts for coding sign
prediction syntax elements. In particular, a video coder may determine the context based
on one or more of a position of the transform coefficient in a block and/or a coding mode
used for coding the block. Because the characteristics {¢.g., magnitudes and signs) of
transform cocfiicients may differ based on position within the block and the coding modes
used to generate the transform coefficients, using the position of the transform coefficient
and/or the coding mode to determine a context for coding a sign prediction may improve
coding efficiency.

[8026] FIG. | is a block diagram illustrating an example video encoding and decoding
system 100 that may perform the techniques of this disclosare. The techniques of this
disclosure arc gencrally directed to coding {encoding and/or decoding} video data. In
general, video data includes any data for processing a video. Thus, video data may
mchude raw, unencoded video, encoded video, decoded {(e.g., reconstructed) video, and
video metadata, such as signaling data.

{8027} As shown in FIG 1, system 100 includes a source device 102 that provides
encoded video data to be decoded and displayed by a destination device 116, in this
example. In particular, source device 102 provides the video data to destination device
116 via a computer-readable mediom 110, Source device 102 and destination device 116
may comprise any of a wide range of devices, including desktop computers, notebook
{i.c., laptop) computers, mobile devices, tablet computers, set-top boxes, telephone
handsets such as smartphones, televisions, cameras, display devices, digital media
plavers, video gaming consoles, video streaming device, broadeast receiver deviges, or
the hike. In some cases, source device 102 and destination device 116 may be equipped
for wireless comnumcation, and thus mayv be referred to as wireless communication
devices.

16028} In the example of FIG. 1, source device 102 includes video source 104, memory
106, video encoder 200, and output interface 108, Destination device 116 mncludes mnput
mterface 122, video decoder 300, memory 120, and display device 118, Tn accordance
with this disclosure, video encoder 200 of source device 102 and video decoder 300 of
destination device 116 may be configured to apply the techniques for context modeling

for sign prediction in video coding. Thus, source device 102 represents an example of a
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video encoding device, while destination device 116 represents an example of a video
decoding device. In other examples, a source device and a destination device may include
other components or arrangements. For example, source device 102 may receive video
data from an external video source, such as an external camera. Likewise, destination
device 116 may interface with an external display device, rather than include an integrated
display device.

{30329} System 100 as shown in FIG. 1 is merely one example. In general, any digital
video eucoding and/or decodmg device may perform technigues for context modehing for
sign prediction in video coding. Source device 102 and destination device 116 are merely
examples of such coding devices in which sousrce device 102 generates coded video data
for transmission to destination device 116, This disclosure refers to a “coding™ device as
a device that performs coding {encoding and/or decoding) of data. Thus, video enceder
200 and video decoder 300 represent examples of coding devices, in particular, a video
cncoder and a video decoder, respectively. In some examples, source device 102 and
destination device 116 may operate in a substantially svmunetrical manner such that each
of source device 102 and destination device 116 includes video encoding and decoding
components. Hence, system 100 may support one-way or two-way video transmission
between source device 102 and destination device 116, ¢.g., for video streaming, video
plavback, video broadcasting, or video telephony.

{8036} In general, video source 104 represents a source of video data (1.e., raw, unencoded
video data} and provides a sequential series of pictures (also referred to as “frames”} of
the video data to video encoder 200, which encodes data for the pictures. Video source
104 of source device 102 may include a video capture device, such as a video camera, a
video archive contaiming previously captured raw video, and/or a video feed interface to
receive video from a video content provider As a further alternative, video source 104
may generate coraputer graphics-based data as the source video, or a combination of live
video, archived video, and computer-generated video. Tn each case, video encoder 200
encodes the captured, pre-captared, or computer-generated video data. Video encoder
200 may rearrange the pictares from the received order {sometimes referred to as “display
order”} into a coding order for coding. Video encoder 200 may gencrate a bitstream
mcluding encoded video data. Source device 102 may then output the encoded video data
via ocutput interface 108 onto computer-readable medium 110 for reception and/or

retrieval by, e.g., input interface 122 of destination device 116,
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18031} Memory 106 of source device 102 and memory 120 of destination device 116
represent general purpose memories. Tn some examples, memories 106, 120 may store
raw video data, e.g., raw video from video source 104 and raw, decoded video data from
video decoder 300, Addstionally or alternatively, memorigs 106, 120 may store software
instructions executable by, e.g., video encoder 200 and video decoder 300, respectively.
Although memory 106 and memory 120 are shown separately from video encoder 200
and video decoder 300 in this example, it should be understood that video encoder 200
and video decoder 300 may also include intemal memories for functionally sumtlar or
cquivalent purposes. Furthermore, memories 106, 120 may store encoded video data,
¢.g., output from video encoder 200 and input to video decoder 300, In some examples,
portions of memories 106, 120 may be allocated as one or more video buffers, eg., to
store raw, decoded, and/or encoded video data.

{3032} Computer-readable medium 110 may represent any type of medium or device
capable of transporting the encoded video data from source device 102 to destination
device 116, In one example, computer-readable medium 110 represents a communication
medium {o enable source device 102 to transmit encoded video data direetly to destination
device 116 1n real-time, e.g., via a radio frequency network or computer-based network.
Output interface 108 may modulate a transnussion signal including the encoded video
data, and mput interface 122 may demodulate the received transmission signal, according
to a commumcation standard, such as a wireless communication protocol.  The
commumcation medium may comprise any wircless or wired communication medium,
such as a radio frequency (RF) spectrum or one or more physical fransmission lines. The
communication medium may form part of a packet-based network, such as a local area
network, a wide-area petwork, or a global network such as the Internet.  The
communication mediom may mchide routers, switches, base stations, or any other
cquipment that may be useful to faciluaie comuwmication from source device 102 to
destination device 116,

{8033} In some examples, source device 102 may output encoded data from output
interface 108 to storage device 112, Similarly, destination device 116 may access
encoded data from storage device 112 via input interface 122, Storage device 112 may
melude any of a variety of distributed or locally accessed data storage media such as a
hard drive, Blu-ray discs, DVDs, CB-ROMs, flash memory, volatile or non-volatile

memory, or any other suitable digital storage media for storing encoded video data.
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10034} In some examples, source device 102 may output encoded video data to file server
114 or another intermediate storage device that may store the encoded wideo data
generated by source device 102, Destination device 116 may access stored video data
from file server 114 via streaming or download.

{8035} File server 114 may be any type of server device capable of storing encoded video
data and transmitting that encoded video data to the destination device 116, File server
114 may represent a web server {¢.g., for a website}, a server configured to provide a file
transfer protocol service (such as File Transfor Protocol (FTP) or File Dehivery over
Unidirectional Transport (FLUTE) protocol}, a content delivery network {CDN} device,
a hypertext transfer protocol (HTTP) server, a Multimedia Broadeast Multicast Service
{(MBMS) or Enhanced MBMS (cMBMS) server, and/or a network attached storage
{(NAS) device. File server 114 may, additionally or alternatively, implement one ot more
HTTP streaming protocols, such as Dynamic Adaptive Streaming over HT TP (DBASH]),
HTTP Live Streaning (HLS), Real Time Streaming Protocol (RTSP), HTTP Dyvnamic
Streaming, or the like.

[8036] Destination device 116 may access encoded video data from file server 114
through any standard data connection, including an Internet connection. This may include
a wireless channel (c.g., 2 Wi-Fi connection), a wired connection {¢.g., digital subscriber
line (I3SL), cable modem, etc.). or a combination of both that is suitable for accessing
encoded video data stored on file server 114, Input interface 122 may be configured to
operate according to any one or more of the various protocols discassed above for
refricving or receiving media data from file server 114, or other such protocols for
retrieving media data.

(8037} Ouipwt interface 108 and mput interface 122 may represent wireless
transoutters/receivers, modems, wired networking components (¢ g., Fthemet cards),
wirgless communication components that operate according to any of a variety of IEEE
802.11 standards, or other physical components. In examples where output interface 108
and inpot mterface 122 comprise wireless components, output mterface 108 and mnput
interface 122 may be configured to transfer data, such as encoded video data, according
1o a cellular convnunication standard, such as 4G, 4G-LTE (Long-Term Evolution), LTE
Advanced, 3G, or the like. In some examples where output interface 108 comprises a
wirgless transmitter, output interface 108 and mmput interface 122 may be configured to
transfor data, such as encoded video data, according to other wireless standards, such as

an TEEE 802.11 specification, an IEEE 802.15 specification {e.g., ZigBee™), a
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Bluetooth™ standard, or the hike. In some examples, source device 102 and/or destination
device 116 may inchude respective system-on-a~chip {8oC) devices. For example, source
device 102 may include an SoC device to perform the functionality attnbated to video
encoder 200 and/or output interface 108, and destination device 116 may include an SoC
device to perform the functionality attributed to video decoder 300 and/or input interface
122.

{30338} The technigues of this disclosure may be applied to video coding in support of any
of a variety of multimedia applications, such as over-the-air television broadeasts, cable
television {ransmissions, satellite television transmissions, Internet streaming video
transmissions, such as dynamic adaptive streaming over HETP (DASH), digital video that
is encoded onto a data storage mediom, decoding of digital video stored on a data storage
medium, or other applications.

{8039} Input mterface 122 of destination device 116 receives an encoded video bitstream
from computcr-readable medium 110 (¢.g.. a communication medim, storage device
112, file server 114, or the like). The encoded wvideo bitstream may include signaling
mformation defined by video encoder 200, which is also used by video decoder 300, such
as svitax elements having values that describe characteristics and/or processing of video
blocks or other coded units {c.g., shices, pictures, groups of pictures, sequences, or the
likey. Dnsplay device 118 displays decoded pictures of the decoded video data to a user.
Dnsplay device 118 may represent any of a variety of display devices such as a hquid
crystal display {LCD), a plasma display, an organic light emitting dicde (OLED) display,
or another type of display device.

{60481 Although not shown in FIG. 1, in some examples, video encoder 200 and video
decoder 300 may cach be integrated with an audio encoder and/or audio decoder, and may
include appropriate MUX-DEMUX units, or other hardware and/or software, to handle
nultiplexed streams including both audio and video m a coramon data stream.

{8041} Video encoder 200 and video decoder 300 each may be mmplemented as any of a
variety of suitable encoder and/or decoder circuitry, such as one of More MICIOPrOCEssoTs,
digital signal processors {DSPs), application specific integrated circuits {ASICs), ficld
prograramable gate arrays (FPGAs), discrete logic, software, bardware, firmware or any
combinations thereof. When the technigues are mmplemented partially in software, a
device may store instructions for the software in a suitable, non-transitory computer-
readable medium and execute the instructions in hardware using one or more processors

to perform the technigues of this disclosure. Each of video encoder 200 and video decoder
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300 may be included in one or more encoders or decoders, enther of which may be
integrated as part of a combined encoder/decoder {CODEC) n a respective device. A
device inchuding video encoder 200 and/or video decoder 300 may comprise an infegrated
circuit, a microprocessor, and/or a wireless communication device, such as a cellular
telephone.

(8042} Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as ITU-T H.265, also referred to as High Efficiency Video Coding
{(HEV(C) or extensions thereto, such as the multi~view and/or scalable video coding
extensions.  Alternatively, video encoder 200 and video decoder 300 may operate
according to other proprictary or industry standards, sach as ITU-T H.266, also referred
to as Versatile Video Coding (VVC). In other examples, video encoder 200 and video
decoder 300 may operate according to a proprictary video codec/format, such as
AOMedia Video 1 AV 1), extensions of AV, and/or successor versions of AV (e.g.,
AV2). In other examples, video oncoder 200 and video decoder 300 may operate
according to other proprictary formats or industry standards. The techniques of this
disclosure, however, are not limited to any particular coding standard or format. In
general, video encoder 200 and video decoder 300 may be configured to perform the
techniques of this disclosure in conpunction with any video coding technigues that use
sign prediction and/or code one or more syndax elements relating to sign prediction using
a probability model {e.g., as indicated by a context).

{3043} In general, video encoder 200 and video decoder 300 may perform block-based
coding of pictures. The term “block™ generally refers to a structure including data to be
processed {e.g., encoded, decoded, or otherwise used in the encoding andfor decoding
process). For example, a block may include a two-dimensional matrix of samples of
luminance and/or chrominance data. In general, video encader 200 and video decoder
300 may code video data represenied ina YUV {c.g., ¥, Ch, Cr) format. That is, rather
than coding red, green, and blue (RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code luminance and chrominance components, where the
chromimance components may include both rod hue and blue hue chrominance
compounents. In some examples, video encoder 200 converts received RGB formatted
data to a YUV representation prior to encoding, and video decoder 300 converts the YUV
representation to the RGE format.  Altematively, pre- and post-processing vails {not

shown) may perform these conversions.
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10044} This disclosure mav generally refer to coding {e.g., cucoding and decoding) of
pictures to include the process of encoding or decoding data of the picture. Sinularly, this
disclosare may refer to coding of blocks of a picture to inclade the process of encoding
or decoding data for the blocks, ¢ g., prediction and/or residual coding. An encoded video
bitstream generally includes a series of values for syntax elements representative of
coding decisions (2.g., coding modes) and partitioning of pictures into blocks. Thus,
references to coding a picture or a block should generally be understond as coding values
for syntax clements forming the picture or block.

{6045} HEVC defines various blocks, including coding units {CUs}, prediction units
{(PUs), and transform units (TUs). According to HEVC, a video coder {such as video
encoder 200) partitions a coding tree unit (CTU) into CUs according to a quadtree
structure.  That 15, the video coder partitions CTUs and CUs into four equal, noo-~
overlapping squares, and each node of the guadiree has either zero or four child nodes.
Nodes without child nodes may be referred to as “leaf nodes,” and CUs of such leafnodes
ray include one or more PUs and/or one or more TUs. The video coder may further
partition PUs and TUs. For example, in HEVC, a residual quadiree (RQT) represents
partitioning of TUs. In HEVC, PUs represent inter-prediction data, while TUs represent
residual data. CUs that are intra-predicted mclude intra-prediction information, such as
an infra-mode ndication.

[8046] As another example, video encoder 200 and video decoder 300 may be configured
to operate according to VVC. According to VVC, a video coder {such as video encoder
200) partitions a picture info a plurality of coding tree units {CTUs). Video encoder 200
may partition a CTU according to a tree structure, such as a quadtree-binary tree (QTBT)
structure or Multi-Type Tree (MTT) structure. The QTBT structure removes the concepts
of multiple partition types, such as the separation between CUs, PUs, and TUs of HEVC.
A QTBT structure includes two levels: a tirst level partitioned according to quadtree
partitioning, and a second level partitioned according to binary tree partitioning. A yoot
node of the QTBT structure cormresponds to 8 CTU. Leaf nodes of the binary trees
correspond to coding units (CUs).

10047} Inan MTT paritioning structure, blocks may be partitioned using a quadtree (QT)
partition, a binary tree {BT) partition, and one or more types of triple tree {TT) {also called
ternary tree (T1)) partitions. A triple or temary tree partition is a partition where a block

is sphit into three sub-blocks. In some examples, a triple or tomary tree partition divides
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a block into three sub-blocks without dividing the oniginal block through the center. The
partitioning types in MTT {e.g., QT, BT, and TT), may be svmmetrical or asymmetrical,
[6048] When operating according to the AV1 codec, video encoder 200 and video decoder
300 may be configured to code video data in blocks. In AV, the largest coding block
that can be processed is callied a superblock. Tn AV, a superblock can be either 128x128
tama samples or 64x64 luma samples. However, in suceessor video coding formats (e.g.,
AV2}, a superblock may be defined by different {¢.g., larger} luma sample sizes. In some
examples, a superblock is the top level of a block quadiree. Video encoder 200 may
further partition a superblock into smaller coding blocks. Video encoder 200 may
partition a superblock and other coding blocks into smaller blocks using square or non-
square partitioning. Non-square blocks may include N/2xN, WNxIN/2, N/4xN, and NxN/4
blocks. Video encoder 200 and video decoder 300 may perfor separate prediction and
transform processes on each of the coding blocks.

18045] AV1 also defines a tife of video data. A tile is a roctangular array of superblocks
that may be coded independently of other tiles. That is, video encoder 200 and video
decoder 300 may encode and decode, respectively, coding blocks within a tile without
asing video data from other tiles. However, video encoder 200 and video decoder 300
may perform filtering across tile boundaries. Tiles may be uniform or non-uniform in
size. Tile-based coding may enable parallel processing and/or multi-threading for
encoder and decoder implementations.

[B8056] In some examples, video encoder 200 and video decoder 300 may use a single
QTBT or MTT structure to represent each of the huminance and chrominance
components, while in other examples, video encoder 200 and video decoder 300 may use
two or more QTBT or MTT structures, such as one QTBT/MTT structure for the
luminance component and another QTBT/MTT structure for both chrominance
comaponents {or two QTBT/MTT structures for respective chrominance components).
{8051} Video encoder 200 and video decoder 300 may be configured o use quadtree
partitioning, QTBT partitioning, MTT partitioning, superblock partitioming, or other
partitioning structures.

[0052] In some examples, a CTU includes a coding tree block (CTB) of luma samples,
two corresponding CTBs of chroma samples of a picture that has three sample arravs, or
a C'1B of samples of a monochrome picture or a picture that is coded using three separate
color planes and syntax structures used to code the samples. A CTB may be an NxN

block of samples for some value of N such that the division of a component into CTBs 15
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a partitioning. A component is an array or single sample from one of the three arrays
{luma and two chroma) that compose a pictare n 4:2:0, 4:2:2, or 4:4:4 color format or the
array or a single sample of the array that compose a picture in monochrome format. In
some examples, a coding block is an MxN block of samples for some values of M and N
such that a division of a CTB into coding blocks is a partitioning.

{8053} The blocks {e.g., CTUs or CUs) may be grouped in various ways in a picture. As
one example, a brick may refer to a rectangular region of CTU rows within a particular
tile inapicture. A tile may be a rectangular region of CTUs within a particular tile coluom
and a particular tile row in a picture. A tile colamn refers to a rectangular region of CTUs
having a height cqual to the height of the picture and a width specified by svntax elements
{c.g., such as in a picture parameter set). A tile row refers to a rectangular region of UTUs
having a height specified by syntax elements {¢.g., such as in a picture parameter set) and
a width equal to the width of the picture.

13054} In some examples, a tile may be partitioned into muliiple bricks, each of which
may include one or more CTU rows within the tile. A tile that is not partitioned into
roultiple bricks may also be referred to as a brick. However, a brick that 1s a true subset
of a tile may not be referred to as a tife. The bricks in a picture may also be arranged in
a slice. A shice may be an integer number of bricks of a picture that mayv be exclusively
contained i a single network abstraction layer (NAL) umut. In some examples, a shice
meludes either a number of complete tiles or only a consecutive sequence of complete
bricks of one tile.

18055] This disclosure may use “NxN” and “N by N” interchangeably to refer to the
sample dimensions of a block (such as a CU or other video block) in terms of vertical and
horizontal dimensions, e.g., 16x16 samples or 16 by 16 samples. In general, a 1oxi6 CU
will have 16 samples in a vertical direction (v = 16} and 16 samples in a horizontal
direction {x = 16}, Likewise, an NxN CU gencrally has N samples i a vertical direction
and N samples mn a horizontal divection, where N represents a nonnegative integer value.
The samples i a CU may be arranged in rows and columns. Moreover, CUs need not
necessarily have the same number of samples in the horizontal direction as in the vertical
direction. For example, CUs may comprise NxM samples, where M is not necessanly
cqual to N.

{8836} Video encoder 200 encodes video data for CUs representing prediction and/or
residual information, and other mformation. The prediction information indicates how

the CU is to be predicted in order to form a prediction block for the CU. The residual
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mformation generally represents sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

{8057} To predict a CU, video encoder 200 may generally form a prediction block for the
CU through inter-prediction or mtra-prediction. Inter-prediction generally refers to
predicting the CU from data of a previously coded picture, whereas intra~-prediction
generally refers to predicting the CU from previously coded data of the same picture. To
perform nter-prediction, video encoder 200 may generate the prediction block using one
or more motion vectors. Video encoder 200 may generally perform a motion search to
identify a reference block that closelv matches the CU, e.g., in terms of differences
between the CU and the reference block. Video encoder 200 may caleulate a difference
metric using a som of absolute difference (SAD), sum of squared differences (S5D), mean
absolute difference (MAD), mean squared differences (MSD), or other such difference
calculations to determine whether a reference block closely matches the cuwrrent CU. In
some oxamples, video cncoder 200 may predict the current CU using uni-directional
prediction or bi-directional prediction.

{6088 Some examples of VV also provide an affine motion compensation mode, which
may be considered an mter-prediction mode. In affine motion compensation mode, video
encoder 200 may detcrmine fwo or more motion vectors that represent non-translational
motion, such as zoom in or out, rotation, perspective motion, or other rregular motion
types.

{8059} To perform intra-prediction, video encoder 200 may select an intra-prediction
mode to gencrate the prediction block. Some examples of VVC provide sixty-seven inira-
prediction modes, including various directional modes, as well as planar mode and DC
mode. In general, video encoder 200 selects an intra-prediction mode that describes
neighboring samples to a current block (e.g., a block of a CU} from which to predict
samples of the current block. Such samples may generally be above, above and 1o the
left, or to the Ieft of the current block in the same picture as the current block, assuming
video encoder 200 codes UTUs and CUs in raster scan order {left to night, top to bottom}.
18060} Video encoder 200 encodes data representing the prediction mode for a current
block. For cxample, for mter-prediction modes, video encoder 200 may encode data
representing which of the various available inter-prediction modes is used, as well as
mation information for the corresponding mode. For uni-directional or bi-directional

nter-prediction, for example, video encoder 200 may encode motion vectors using



WO 2022/213042 PCT/US2022/071346
15

advanced motion vector prediction {AMVP) or merge mode. Video encoder 200 may use
similar modes to encode motion vectors for affine motion compensation mode.

(80611 AV includes two general technigues for encoding and decoding a coding block
of video data. The two general techniques are intra prediction {e.g., intra frame prediction
or spatial prediction} and uter prediction {c.g., inter frame prediction or temporal
prediction). In the context of AV, when predicting blocks of a current frame of video
data using an intra prediction coding mode, video encoder 200 and video decoder 300 do
not use video data from other frames of video data. For most intra prediction coding
modes, video encoder 200 encodes blocks of a current frame based on the difference
between sample values in the current block and predicted values generated from reference
samples in the same frame. Video encoder 200 determines predicted values generated
from the reference samples based on the intra prediction coding mode.

{8062} Following prediction, such as intra-prediction or inter-prediction of a block, video
encader 200 may calculate residual data for the block. The resideal data, such as a
residual block, represents sample by sample differences between the block and a
prediction block for the block, formed using the corresponding prediction mode. Video
encoder 200 may apply one or more transforms to the residual block, to produce
transfornmed data in a transform domain instead of the sample domain. For example. video
encoder 200 may apply a discrete cosine transform (DCT), an integer transform, a wavelet
transform, or a conceptually similar transform to residual video data. Additionally, video
encoder 200 may apply a secondary transform following the first transform, such as a
mode-dependent non-scparable sccondary transformy (MDNSST), a signal dependent
transform, a Karhunen-Loeve transtorm (KLT), or the like. Video encoder 200 produces
transform coefficients following application of the one or more transforms.

{00863} Asnoted above, following any transforms to produce transtorm coeflicients, video
encoder 200 may perform quantization of the transformn coefficients.  Quantization
generally refers to a process in which transform coefficients are quantized to possibly
reduce the amount of data used to represent the transform coefficients, providing further
compression. By performing the quantization proeess, video encader 200 may reduce the
bit depth associated with some or all of the transform cocfticients. For cxample, video
encoder 200 may round an #-bit value down to an m-bit value during quantization, where
n is greater than m. In some examples, to perform quantization, video encoder 200 may

perform a bitwise right-shift of the value to be guantized.
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{8064} Following quantization, video encoder 200 may scan the transform coefficients,
producing a one-dimensional vector from the two-dimensional matnx nclading the
quantized transform coefficients. The scan may be designed to place higher energy {and
therefore lower frequency) transform coefficients at the front of the vector and to place
lower encrgy (and therefore higher frequency) transform cocfficients at the back of the
vector. In some examples, video encoder 200 may atilize a predefined scan order to scan
the quantized transforma coefficients to produce a serialized vector, and then entropy
cucode the quantized transform coctficients of the vector. In other cxamples, video
encoder 200 may perform an adaptive scan. After scanning the quantized transform
coefficients to form the one-dimensional vector, video encoder 200 may entropy encode
the one-dimensional vector, e.g., according to context-adaptive binary arithmetic coding
{CABAC). Video encoder 200 may also entropy encode values for syntax elements
descnibing metadata associated with the encoded video data for use by video decoder 300
in decoding the video data.

16065} To perform CABAC, video encoder 200 may assign a context within a context
model to a symbol to be transmutted. The context may relate to, for example, whether
neighboring values of the syvmbol are zero-valued or not. The probability determination
may be based on a context assigned to the symbol.

{8066} Video encoder 200 may further generate syntax data, such as block-based svotax
data, picture-based syntax data, and sequence-based syntax data, to video decoder 300,
e.g., i a picture header, a block header, a shice header, or other syntax data, such as a
sequence parameter sot (SPS), picture parameter set (PPS), or video parameter sct (VPS}.
Video decoder 300 may likewise decode such svntax data to determuine how to decode
corresponding video data.

{0867} In this manner, video encoder 200 may generate a bitstream mcluding encoded
video data, e.g., syntax ¢lements describing partitioning of a picture nto blocks {e.g.,
CUs) and prediction and/or residual information for the blocks. Ultimately, video decoder
300 may receive the bitstream and decode the encoded video data.

10068} In general, video decoder 300 performs a reciprocal process to that performed by
video encoder 200 to decode the encoded video data of the bitstream. For example, video
decoder 300 may decode values for syntax elements of the bitstream using CABAC ina
manner substantially similar to, albeit reciprocal to, the CABAC encoding process of
video encoder 200. The syotax elements may define partitioning nformation for

parfitioning of a picture into CTUs, and partitioning of each CTU according o a
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corresponding partition structure, such as a QTBT structure, to define CUs of the CTU.
The svntax clements may further define prediction and residual information for blocks
{c.g., CUs) of video data.

{6869} The residual information may be represented by, for example, quantized transform
cocfficients.  Video decoder 300 may inverse quantize and wmverse transform the
quantized transform cocfficients of a block to reproduce a residual block for the block.
Video decoder 300 uses a signaled prediction mode {intra- or inter-prediction) and related
prediction mformation {¢.g., motion information tor iter-prediction) to form a prediction
block for the block. Video decoder 300 may then combine the prediction block and the
residual block (on a sample-by-sample basis) to reproduce the original block. Video
decoder 300 may perform additional processing, such as performing a deblocking process
to reduce visual artifacts along boundaries of the block.

>

{8076} This disclosure may generally refer to “signaling” certain mformation, such as
syntax clements. The term “signaling” may generally refer to the communication of
values for syntax clements and/or other data used to decode encoded video data. That is,
video encoder 200 may signal values for syntax elements in the bitstream. In general,
signaling refers to generating a value in the bifstream. As noted above, source device 102
may transport the bitstream to destination dovice 116 substantially in real time, or not in
real time, such as might occur when storing syntax clements to storage device 112 for
tater retrieval by destination device 116,

{80711 As briefly described above, video encoder 200 may be configured o perform sign
prediction for a certain number of transform coefficients. For example, if two signs are

predicted, then there can be 4 possible combinations, or sign prediction hypotheses: (+,

combination {¢.g., the sign prediction hypothesis) with the mininmun cost is selected as a
sign predicior corabination. Video decoder 300 may perform a reciprocal process.

{8072} For the transform coefficients on which sign prediction is performed, mstead of
bvpass signaling, video encoder 200 may encode and signal a context coded bin (e.g., a
sign prediction syniax element) to indicate whether the actual transform coetficient sign
is cqual to the hypothesis or not. o previous techniques, the contexis used to code the
sign prediction syntax elements were dependent on the transform coefficient magnitude.
This disclosure describes different techniques of determining the contexis for coding sign
prediction syntax elements. In particular, video encoder 200 and video decoder 300 may

be configured to determine a context for coding a sign prediction syntax element for a
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transform cocfticient based on a position of the transform coefficient in the block of video
data, wherein the sign prediction syntax element indicates whether a sign prediction
hypothesis is correct for the transform coefficient, and code the sign prediction syntax
clement using the context.

{8073} The authors of Yao-Jen Chang, ot. al. “Compression efficiency methods beyond
YV, Joint Video Experts Team (JVET) of ITU-T §G 16 WP 3 and ISG/IEC JTC 1/8C
29, 21 Meeting, by teleconference, 6-15 January 2021, (hercinafter, "IVET-UQL00™),
describe a coding tool called transform coefficient sign prediction. One basic idea of an
example transform coefficient sign prediction method is, for apphcable transform
coefficients, to calculate reconstructed residuals for both negative and positive sign
combinations and seiect the hypothesis that minimizes a cost function.

{0074} Forexample, it video encoder 200 and video decoder 300 are contigured to predict
two sign values for two transform coefficients, then there can be four possible
combinations: two positive signs {(+, ), a positive sign tollowed by a negative sign (+, -
}, anegative sign followed by a positive sign (-, +), and two negative signs (-, ). Forall
four combinations, video encoder 200 and video decoder 300 may be configured to
calcolate a cost function and sclect the combination of signs with the miimum cost as a
sign predictor combination {¢.g., the sign prediction hypothesis). The same process is
applied 1f more signs are predicted with more combinations to be tried. The number of
combinations to avalvze is a tradeoff between vuplementation complexity and
compression efficiency. That is, more sign combinations may result in better coding
cfficiency, but at the cost of implementation complexity.

{66751 For the transform coefficients to which sign prediction can be applicd, instead of
bypass coding {¢.g., fixed probability coding} a syntax element indicating the sign itself,
video encoder 200 may be configured to encode and signal a context coded bin {e.g.,
syntax element) to indicate whether or not a sign of a transform coefficient 1s equal to the
sign prediction hypothesis. Likewise, video decoder 300 may be configured to receive
and decode the context coded bin {e.g., syntax clement} to determine whether the sign of
the currently decoded transform: coefficient is equal to the sign prediction hypothesis or
not. In one example, the contexts {e.g., probability models) used by video encoder 200
and video decoder 300 are dependent on the transform coefficient magmitude. That is,
video encoder 200 and video decoder 300 determine the magoitude of transform
cocfficients, and then use that magnitude to determine what contexts to use. In one

example, video encoder 200 and video decoder 300 mav be configured to use two contexts
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per luma and chroma components {e.g., 2 for luma and 2 for chroma), separately. This
disclosure describes other example techniques for the context modeling {e.g., the
determination of contexts) for sign prediction. The techniques of this disclosure may
result in context selections that provide for increased coding efficiency.

{8076} 1o some examples of sign prediction coding, video encoder 200 and video decoder
300 do not perform inverse transformation to reconstruct the residual block. Instead,
video encoder 200 and video decoder 300 may derive the reconstructed residual block
based on prestored elemental residuals multiphied by a coefficient magoitude accumulated
for all coefficients for which a sign value 1s predicted.

{8677} In more detail, any transform coefficient block can be represented as a sum of
blocks where only one transform coefficient is nonzero. Morcover, that one nonzero
transform coctficicnt value can be set to a value of 1. To obtain the final recounstructed
residual block, video encoder 200 and video decoder 300 may muktiply the reconsteucted
residual corresponding to coefficient maguoitude cqual to 1 by the signed cocfficient
magmitude. FIG. 2 is a conceptual diagram illustrating an example transform block
decomposition.

{8878} As shown in FIG. 2, transform coefficient block 400 inclades two non-zero
cocfficients. The coctiicient in the upper loft has a value of 5 and the coctficient two
cocfficients to the right has a value of -2, Transform cocfficient block 400 can be
decomposed as a sum of transform coefficients blocks 402 and 404,  Transform
cocfficient block 402 has a single non-zero transform coefficient in the upper loft corner
with a value of | and is multiplied by 5 {c.g., the magoitude and sign of the original
transform coefficient n transform coefficient block 400}, Transform coefficient block
404 has a single non-zero transform coefficient, two positions to the nght of the upper
left corner, with a value of 1 and is multiplied by -2 {c.g., the magmitude and sign of the
original transform coefticicnt 11 transform coefficient block 400},

{8079} As can be seen from the example of FIG. 2, an inverse transform may only be
calculated once for every single nonzero coefficient with magnitude equal to 1. Video
decader 300 may be configured to derive the final reconstruction as a scaled sum of the
reconstructed elemental residuals. The reconstrucied elemental residuals (or templates)
are pre~calculated and stored in a look-up table with a predetermined (e g, 8-bit) accuracy
for cach element of the table. Since the discontinuity is measured considering onfy the
first row and first column of a transform block, as will be explained later, the look-up

table size can be reduced to the length of the width plus the height of the block, per
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transform basis function. The transform basis functions, which are used to calculate the
templates, correspond to a primary transform {e.g., enhanced multiple transform (EMT))
basis. However, since the accuracy is reduced to 8 bits, the resulting templates could be
the same or similar. o such cases, the templates are merged to reduce the storage
DMy,

{B8080] In some cxamples, the accuracy of sign prediction depends on the coefficient
magnitude. A smaller magnitude generally makes a discontinuity measure difference less
noticeable. So, for the given number of predicted signs, the non-zero coefticients 1o the
top-left frequency area of a transform coefficient block are selected according to a
coefficient magnitade threshold.  The coefficient magnitude threshold classifies the
coefficients into two groups, with a sign being predicted with high or low probability
{c.g., a high probability context or a low probability context). The coefficients are
scanned m the raster scan order and the coefficients with a magnitude above the threshold
are classificd to be in the high prediction probability group. Otherwise, the coctficiont is
classified to be in the low probability prediction group. If the number of coefficients in
the high predicted probability group is smaller than the total number of coefficient signs
1o be predicted, then the coefficients from the low predicted probability group are added.
{8081} To derive the best sign prediction hypothesis among all possible combinations, a
cost function may be defined and used. The cost function is defined as a discontinuity
measure across a block boundary. Video encoder 200 and video decoder 300 may
calcudate the discontinuity measure for all hypotheses, and the hypothesis with the
smallest cost is sclected as a predictor for transform cocfficient signs. FIG. 3 is a
conceptual diagram illustrating an example discontinuity measure in sign prediction.
FIG. 3 shows a block 410, with reconstructed neighbors 420 across the block boundary
from reconstructed sign candidates 430. The discontinuity measure cost function is
described below.

[8082] In one example, the cost function is defined as a sum of absolute second

derivatives in the residual domain for the above row and left colomn as follows:
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where R is the reconstructed neighbors, P is the prediction of the current block, and # is
the residual hypothesis. The term (—R_; + 2R, — P;) can be calculated only once per
block and only a residual hypothesis s subtracted.

{8083} In previous techniques for sign prediction, a syntax element that indicates whether
the sign prediction is correct {e.g., the sign prediction hypothesis matches the actoal sign}
ts context coded using contexts that depend on magnitudes of transform coefficients.
Such a syntax element may be referred to as a sign prediction syvntax clement. Using the
magnitades of transform coefficients for determining sign prediction contexts requires
the magnitudes be determined before sign prediction contexts can be selected and sign
prediction syntax elements can be coded. Furthermore, in previous technigues for sign
prediction the context selection does not depend on coefficient position within a block
and does not depend on whether a block is intra or tnter coded. Tyvpically, intra predicted
blacks tend to have more non-zero cocfficients with higher magnitude. Using the same
contexts for inter and ntra coded blocks may create sub-optimal compression efficiency.
{8084} The techmiques of this disclosure may address the above-mentioned problems. In
particular, the technigques of this disclosure may include determining a context for coding
a sign prediction syntax clement based on one or more of a position of the transform
coefficient 1 a block and/or a coding mode used for coding the block. Because the
characteristics {¢.g., magnitudes and signs) of transform coefficients may differ based on
position within the block and the coding modes used 1o generate the transform
coctficients, using the position of the transform coefficient and/or the coding mode to
determine a context for coding a sign prediction may improve coding efficiency. The
techaoigques of this disclosure may be used to determine contexts for any sign prediction
syntax elements, regardiess of the techniques used o determine the value of the sign
prediction syntax clement itsctf

[8085] The techniques described below may be used i any combination. For example,
in addition to, or instead of, deternuning contexts based on cocfficient magnitudes, any
cormbination of the technigues for determining contexts described below may be used. In
some examples, the usage of coefficient magnitude may be optional.

13086} Transform coefficient position dependent contexts

16087} In one example, to code a sign prediction syntax clement, video cncoder 200 and
video decoder 300 may be configured to determine a context based on the transform
coefficient position within a block or a position of a transform block itself if there are

multiple transform blocks within one coding or prediction unit. Coding a sign prediction
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syntax element includes encoding and/or decoding a context coded bin that indicates
whether or not a sign of a transform coefficient is equal to a sign prediction hypothesis.
That is, video encoder 200 and video decoder 300 may be configured to code a syntax
clement that indicates whether or not a sign of a transform coefficient 1S equal to a sign
prediction hypothesis using the determuned context. Determining the context based on
the transform coefficient within a block generally means that the position {¢.g., location)
of the transform coefficient in the block is an input to a function that determines the
context to use.

{6088} In a general example of the disclosure, video encoder 200 may be configured to
determine a context for encoding a sign prediction synfax clement for a transform
coefficient based on a position of the transform coefficient in the block of video data,
wherein the sign prediction syntax element indicates whether a sign prediction hypothesis
is correct for the transform coefficient, and encode the sign prediction syntax element
using the context. In a reciprocal fashion, video decoder 300 may be configured to
deteroune a comtext for decoding a sign prediction syntax clement for a transform
coefficient based on a position of the transform coefficient in the block of video data,
wherein the sign prediction syntax clement indicates whether a sign prediction hypothests
is correct for the transform coefficient, and decode the sign prediction syntax clement
using the comtext.  Examples of positions of transforma coefficients, and how those
positions affect the context determnation, are desenbed i more detail below.

{3089} In one example, video encoder 200 and video decoder 300 may be configured to
assign a dedicated context (¢.g.. context ) for coding the sign prediction of a BC
coefficient {e.g., the very first coefficient m the upper left comer of a block) and may
assign ancther context {e.g., context 1} for coding the sign predictions of non-DC
coefficients. That 15, in general, video encoder 200 and video decoder 300 may determine
the context tor coding the sign prediction syntax element for the transform coefficient
based on whether the transform coefficient 18 a DC coefficient. More specifically, in
another example, video encoder 200 and video decoder 300 may be configured to
deternune a first context for decoding the sign prediction syntax element based on the
transform cocfiicient being a DT coetficient, and determine a second countext for decoding
the sign prediction syntax element based on the transform coefficient not being the DC
coefficient.

{0090} FIG. 4 5 a conceptual diagram showing example positions of transform

cocfhicients. FIG. 4 shows examples of 4x4 blocks of transform coefficients. The



WO 2022/213042 PCT/US2022/071346
23

mndividual small blocks represent the positions of transform coefficients for which a sign
prediction syntax element might be coded. For the above example, FIG. 4 shows a block
440 having a BC coefficient 442, In general, the DC coefficient is the upper left transform
coefficient in a block or sub-black. In the example of block 440, video encoder 200 and
video decoder 300 may determing to use a first context for coding a sign prediction syatax
element for DC coefficient 442 and may determine o use a second, different context for
coding any sign prediction syntax elements for other transform coefficients of block 440,
{6091} In another cxample, video encoder 200 and video decoder 300 may divide a block
nto multiple parts or regions, where the parts or regions of the block are associated with
a certain transform coefficient frequency. Video encoder 200 and video decoder 300 may
determine a separate context for coding the sign prediction syntax clements in each part
of the block. As one example, video encoder 200 and video decoder 300 may divide a
block into four guadrants, and video encoder 200 and video decoder 300 may determine
a separate comtext for coding the sign prediction syntax cloments in cach quadrant.
However, a block may be divided o more or fower regions.  Also, the regions may be
uniform 1o size, or may have different sizes.

{8692} In FIG. 4, transform block 450 is divided into foar regions {e.g., quadrants}: a first
region 452, a second region 454, a third region 456, and a fourth region 458, Video
encoder 200 and video decoder 300 may determine a separate context for coding the sign
prediction syniax element in cach of first region 452, second region 454, thivd region 456,
and fourth region 458,

10693} Video encoder 200 and video decoder 300 may also be configured to use a position
symmetry 1n context determination for sign prediction syntax elements. For example,
video encoder 200 and video decoder 300 may use the same context for coding sign
prediction syntax elements for transform cocfficients with positions of {x, y) and {y, x}.
For example, as shown m FIG. 4, if block 460 is divided indo 4 quadrants, video encoder
200 and video decoder 300 may use the same contexts for coding the sign predictions in
the second quadrant 462 and the third quadrants 464 (non-diagonal}, as the second and
third quadrants are synuneirical along the diagonal.

{6094} In another example, video encoder 200 and video decoder 300 may determinge sign
prediction syntax element contexts based on the sign prediction order. The sign prediction
order may be defined by a scanning order within the block. The scanning order may be
one of a raster scan order, a vertical scanning order, a horizontal scanning order, a zigzag

scannming order, or any other order in which transform coefficients are coded. For
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exarnaple, the sign prediction syotax clement for the first transform coefficient in the sign
prediction order uses one context, the second sign prediction syntax element in the sign
prediction order uses the second context, and so on.  Afier a certain number of sign
prediction syntax elements, video encoder 200 and video decoder 300 may use the same
context for the remaining sign prediction symtax prediction syitax elements in the sign
prediction order.

{30395} Forexample, video encoder 200 and video decoder 300 may use a separate context
for the first sign prediction symdax cloments or the first two sign prediction syntax
clements in the sign prediction order. In some examples, the DC cocfficient is the first
coefficient scanned in the sign prediction order. Starting from the second or third sign
prediction syntax element, video encoder 200 and video decoder 300 may use the same
context for the remaining sign prediction svetax clements. Reforring to FIG. 4, block 470
is seanned with a horizontal sign prediction order. The numbers shown for each of the
transform coofficients show the order in which the sign prediction syntax clements are
coded. In one example, the sign prediction syntax clements for transform cocfficients 1
and 2 will share the same context, while any sign prediction syntax elements for transform
coefficients 3-16 will share the same context. The idea behind this technigue s that higher
frequency coefficients {¢.g., transform coctlicients toward the lower right portion of the
black) may have less distinet differences in the cost finction, and the sign prediction
detection may be less accurate as compared to the first coefficients in the block along the
sign prediction order.

18096 Coding mode dependent contexts

{66971 In another example of the disclosure, video encoder 200 and video decoder 300
may determine contexts for sign prediction syniax elements based on the coding mode
used to code the block having the transform coefficients. Different prediction modes may
have different residual and transform coefficient charactcristics. As mentioned carlier,
wmitra and nter predicted blocks may have different residual energy (e.g., the absolute
magnitudes of residual values may generally be higher for intra coded blocks}).

{0098} It may be bencficial to use separate contexis for the sign prediction symiax
clements of transform cocfficients generated using different prediction modes. In some
examples, video encoder 200 and video decoder 300 may determine contexts for coding
sign prediction based on prediction mode in combination with other methods, for
example, in combination with one or more of the position dependent context assignment

techniques described above. For example, a first subset of contexts may be used for inter
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predicted blocks and a second subset of contexts may be used for intra predicted blocks.
The particular context determined from cach of the first and second subsets may then be
based on the position of the transform cocfficient in the block for which a sign prediction
syntax elements is to be coded.

{0099} In onc example, video encoder 200 and video decoder 300 may be configured to
use separate contexts and/or separate sets of contexts for coding the sign prediction syntax
clements for transform coefficients from blocks coded with indra and inter modes.

{0108} In another example, video encoder 200 and video decoder 300 may be configured
o determine contexts for coding a sign prediction syntax element based on which type of
primary transform kernel and/or secondary transform kernel 1s used when coding a block.
In one example, video encoder 200 and video decoder 300 may be configured to
determine the context for coding a sign prediction syndax element based on primary
transform and/or secondary transform indices. In another example, video encoder 200
and video decoder 300 may be configured to determine the context for coding a sign
prediction syntax clement based on whether the primary transform 1s DCT2 or not. In
another example, video encoder 200 and video decoder 300 may be configured to
determine the context for coding a sign prediction syntax element based on whether a
secondary transform is applied or not.

{01901} n another example, video encoder 200 and video decoder 300 may be configured
to determune the context for coding a sign prediction syntax clement based on the intra
prediction coding mode (e.g., the intra prediction direction). In gencral, video encoder
200 and video decoder 300 may be configured to determine the context for coding a sign
prediction syntax element as a fimetion of a coding tool which can be applied to code a
block. For example, video encoder 200 and video decoder 300 may be configured to
determine a separate context for coding the sign prediction syntax clement of transform
cocflicients for cach coding tool that can be applied to the block,

(0192} Efficient Calculation

{3103} Predicting the sign {e.g., generating the sign prediction hypothesis) involves
calculating a cost function for different sign prediction hypotheses and determining the
sign prediction hypothesis with the minmmal cost. The input to the cost function R is
reconstructed neighbors, a prediction of the current block P, a set of known coefficients
€, and a set of coefficients A whose absohute value is known, but the sign is to be
predicted. The residual (v) has two components: a component corresponding to the

known coefficients and a component corresponding to cocfticients whose sign is to be
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predicted, r = r* 4+ v%. The value +* = IT({) is computed from the known coefficients
using the Inverse Transform IT and v 1s based on the coefficients whose sign is unknown,
but the magnitude is known (4 below).

{8184} Video encoder 200 and video decoder 300 may be configured to perform an
efficient calculation of the sign prediction hypothesis using a template (femplate;) of
reconstructed basis functions. Given a set of coefficient absolute values and a sct of sign
prediction hypotheses, the residual hypothesis (rYP9thesi5Y ig defined via a template as:

phypothesis - Z tempiatq A Sig,',,l?ypothesis
i

{0105} A number F is used to combine the template values to form a modified cost
function. The cost function is modified to mclude the value F, the known residual, and

the term based on a sign prediction hypothesis and the template vahues as follows:

w
L hyvpothesis - k » _fhypothesis
costhypothesis 5 =Ry + 27 Ry~ Py =15}« F 1) |
e =0

H
_ o _ Lk = ..ypothesisy
+2 J(Rey + 2 Roy = Py —1ly) KF =1y
=0

{6106} Video encoder 200 and video decoder 300 are configured to use the hypothesis
which minimizes this modified cost function as the prediction of a sign value.

{8107} FIG. 5 15 a block diagram dlustrating an example video encoder 200 that may
perform the techniques of this disclosure. FIG. 5 is provided for purposes of explanation
and should not be considered hmting of the techmiques as broadly exemplificd and
described in this disclosure. For purposes of explanation, this disclosure describes video
encoder 200 according to the techniques of VVC (ITU-T H.266, under development}, and
HEVC (ITU-TH.265). However, the techniques of this disclosure may be performed by
video encoding devices that are configured to other video coding standards and video
coding formats, such as AV and successors to the AV video coding format.

{0108} In the example of FIG. 3, video encoder 260 includes video data memory 230,
mode selection wnt 202, residual generation unit 204, transform processing unit 206,
guantization unit 208, inverse quantization unit 210, mverse transform processing unit
212, reconstruction unit 214, filter unit 216, decoded picture buffer (DPB) 218, and
entropy encoding unit 220, Any or all of video data memory 230, mode selection unit
202, residual generation unit 204, transform processing unit 206, guantization unit 208,
mverse quantization amt 210, inverse transform processing wnit 212, reconstroction umt

214, filter unit 216, DPB 218, and entropy encoding unit 220 may be implemented in one
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OF MOTC PIOCESSOrS OF In processing circuitry. For mstance, the units of video encoder
200 may be maplemented as one or more cireuits or logic elements as part of bardware
cireuttry, or as part of a processor, ASIC, or FPGA. Moreover, video encoder 200 may
inchide additional or altermative processors or processing circuitry to perform these and
other functions.

{#109%] Video data memory 230 may store video data to be encoded by the components
of video encoder 200, Video encoder 200 may reccive the video data stored i video data
roeraory 230 from, for example, video source 104 (FIG. 1), DPB 218 may act as a
reference picture memory that stores reference video data for use n prediction of
subsequent video data by video encoder 200, Video data memory 230 and DFB 218 may
be formed by any of a variety of memory devices, such as dynamic random access
memary (DRAM), mchuding synchronous DRAM (SDRAM), magnetoresistive RAM
(MRAM), resistive RAM (RRAM], or other types of memory devices. Video data
memory 230 and DPB 218 may be provided by the same memory device or separate
raemory devices. In various examples, video data memory 230 may be on-chip with other
components of video encoder 200, as iltustrated, or off-chip relative to those components.
{6118} In this disclosure, reference to video data memory 230 should not be interpreted
as being limited to memory internal to video encoder 200, unfess specifically described
as such, or memory external to video encader 200, unless specifically described as such
Rather, reference to video data memory 230 should be understood as reference memory

that stores video data that video encoder 200 receives for encoding {e.g., video data for a

current block that is to be encoded). Memory 106 of FIG. | may also provide temporary
storage of outputs from the various units of video encoder 200,

{8111} The various units of FIG. § are llustrated to assist with understanding the
operations performed by video encoder 200, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thercof  Fixed-tunction
circuits refer to circuits that provide particular functionality, and are preset on the
operations that can be performed. Programmable circuits refer to circuts that can be
programmed to perform various tasks, and provide Hexible functionality in the operations
that can be performed. For instance, programmable circutts may execute sofiware or
firmware that cause the programmable circuits to operate in the manner defined by
instructions of the software or firmware. Fixed-function circuifs may execute software
nstructions {¢.2., to receive parameters or output parameters), but the types of operations

that the fixed-function circuits perform are generally immutable. In some examples, one
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or more of the units may be distinet circuit blocks (fixed-function or programumable), and
in some examples, one or more of the units may be mtegrated circuits.

{8112} Video encoder 200 may inchide arithmetic logic umits {ALUs), elementary
function units (EFUs), digital circuits, analog circuits, and/or progranumable cores,
formed from prograramable circuits. In exaraples where the operations of video encoder
200 are performed using software exccuted by the programmable circuits, memory 106
(FIG. 1) may store the instructions {e.g., object code) of the software that video encoder
200 receives and executes, or another memory within video encoder 200 {not shown) may
store such nstructions.

{8113} Video data memory 230 is configured to store received video data. Video encoder
200 may retrieve a picture of the video data from video data memory 230 and provide the
video data to residual generation unit 204 and mode selection unat 202, Video data in
video data memory 230 may be raw video data that is to be encoded.

18114} Mode sclection unit 202 includes a motion cstimation unif 222, a motion
compensation untt 224, and an intra-prediction unit 226. Mode sclection umt 202 may
mnchude additional functional umits to perform video prediction in accordance with other
prediction modes. As examples, mode selection unit 202 may include a palette unit, an
intra~-tlock copy unit {which may be part of motion cstimation unit 222 and/or motion
compensation untt 224}, an affine umit, a lincar mode! {L.M) unit, or the hke.

{8115} Mode selection unit 202 generally coordinates multiple encoding passes to test
combinations of encoding parameters and resulting rate-distortion valaes for such
combinations. The encoding parameters may include partitioning of CTUs mnto CUs,
prediction modes for the CUs, transform types for residual data of the Cls, quantization
parameters for residoal data of the CUs, and so on. Mode selection unit 202 may
ultimately select the combination of encoding parameters having rate-distortion values
that arc better than the other tested combinations.

[8116] Video encoder 200 may partifion a picture retrieved from video data memory 230
mnto a series of CTUs, and encapsulate one or more CTUs within a slice. Mode selection
unit 202 may partition a CTU of the picture in accordance with a tree structure, such as
the MTT structure, QTET structure. superblock structure, or the quad-tree struciure
described above. As described above, video encoder 200 may form one or more CUs
from partitioning a CTYU according to the tree structure. Such a CU may also be referred

to generally as a “video block™ or “block.”
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{0117} In general, mode selection unit 202 also controls the components thereof {e.g.,
motion estimation unit 222, motion compensation unit 224, and intra-prediction unit 226}
to generate a prediction block for a carrent block {e.g., a current CU, or in HEVC, the
overlappimg portion of a PU and a TU). For inter-prediction of a current block, motion
cstimation unit 222 may perform a motion scarch to identify one or more closely matching
reference blocks in one or more reference pictures {e.g., one or more previously coded
pictures stored in DPB 218}, In particular, motion estimation unit 222 may calculate a
value representative of how similar a potential reference block is to the current block,
¢.g., according to sum of absolute difference (SAD), sum of squared differences {(SSD),
mean absolate difference (MAD), mean squared differences (MSD), or the ke, Motion
cstimation unit 222 may generally perform these calculations using sample-by-sample
differences between the current block and the reference block being considered. Motion
estimation unit 222 may identify a reference block having a lowest value reselting from
these calculations, indicating a reference block that most closely matches the current
block.

[6118] Motion cstimation umit 222 may form one or more motion vectors {(MVs) that
defines the positions of the reference blocks in the reference pictures relative to the
position of the current block in a current picture. Muotion estimation unit 222 may then
provide the motion vectors to mation compensation unit 224, For example, for un-~
directional inter-prediction, motion estimation unit 222 may provide a single motion
vector, whereas for bi-directional inter-prediction, motion estimation unit 222 may
provide two motion vectors. Motion compensation unit 224 may then gencrate a
prediction block using the motion vectors. For example, motion compensation unit 224
may retrieve data of the reference block using the motion vector. As another example, if
the motion vector has fractional sample precision, motion compensation unit 224 may
interpolate values for the prediction block according to one or more interpolation filters.
Moreover, for bi~directional inter-prediction, motion compensation unit 224 may retrieve
data for two reference blocks identified by respective motion vectors and combine the
retricved data, ¢.g., through sample-byv-sample averaging or weighted averaging.

16115] When operating according to the AV1 video codimg format, motion estimation
unit 222 and motion compensation unit 224 may be configured to encode coding blocks
of video data {(¢.g., both luma and chroma coding blocks) using transiational motion
compensation, affine motion compensation, overlapped block motion compensation

{(OBMC), and/or compound inter-intra prediction.
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{0128} As another example, for intra-prediction, or iuntra-prediction coding, intra-
prediction unit 226 may generate the prediction block from samples neighboring the
current block.  For example, for directional modes, intra-prediction wnit 226 may
generally mathematically combine values of neighboring samples and populate these
calculated values in the defined direction across the current block to produce the
prediction block.  Asg another example, for DT mode, intra-prediction anit 226 may
calculate an average of the neighboring samples to the current block and generate the
prediction block to include this resulting average for cach sample of the prediction block.
{6121} When operating according to the AV1 video coding format, intra prediction umit
226 may be configured to encode coding blocks of video data {e.g., both luma and chroma
coding blocks) using directional mtra prediction, non-directional intra prediction,
recurstve filter jntra prediction, chroma-from-luma (CFL) prediction, mntra block copy
(IBC), and/or color palette mode. Mode selection wut 2062 may mehude additional
functional units to perform video prediction in accordance with other prediction modes.
6122} Mode selection unit 202 provides the prediction block to residual generation unit
204. Residual gencration unit 204 receives a raw, unencoded version of the current block
from video data memory 230 and the prediction bock from mode selection unit 202,
current block and the prediction block. The resulting sample-by-samaple difference
define a residual block for the current block. In some examples, residual generation unit
204 may also determine differences between sample values in the residual block to
generate a residual block using residual differential pulse code modulation (RDPCM}. In
some examples, residual genceration unit 204 may be formed using one or more sabtractor
cireuits that perform binary subtraction.

{6123} In examples where maode selection unit 202 partitions CUs into PUs, each PU may
be associated with a luma prediction unit and corresponding chroma prediction unis.
Video encoder 200 and video decoder 300 may support PUs having various sizes. As
indicated above, the size of a CU may refer to the size of the luma coding block of the
CU and the size of a PU may refer to the size of a luma prediction unit of the PU.
Assuning that the size of a particular CU 15 ZNx2N, video encoder 200 may support PU
sizes of 2Nx2N or NxN for intra prediction, and symmetnic PU sizes of 2Nx2N, 2ZNxN,
Nx2N, NxN, or similar for inter prediction. Video encader 200 and video decoder 309
may also support asypunetric partitionimg for PU sizes of 2Nxol, 2NxoD, oLx2N, and

aRx2N for mter prediction.
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18124} In examples where mode selection unit 202 does not further partition a CU 1nto
PUs, each CU may be associated with a luma coding block and corresponding chroma
coding blocks. As above, the size of a CU may refer to the size of the loma coding block
of the CU. The video encoder 200 and video decoder 300 may support CU sizes of
2NN, 2NN, or Nx2N,

{#125] For other video coding technigues such as an intra-block copy mode coding, an
affine-mode coding, and linear model (LM} mode coding, as some cxamples, mode
selection unit 202, via respective wits associated with the coding techniques, generates a
prediction block for the current block being encoded. In some examples, such as palette
mode coding, mode selection unit 202 may not gencrate a prediction block, and instead
generate syntax elements that indicate the manner in which to reconstruct the block based
on a selected paletie. 1o such modes, mode selection unit 202 may provide these syntax
elements to entropy encoding unit 220 to be encoded.

18126] As described above, residual generation unit 204 reccives the video data for the
current block and the corresponding prediction block. Residual generation untt 204 then
generates a residual block for the current block. To generate the residual block, residual
generation umt 204 calcolates sample-by-sample differences between the prediction
block and the current block.

[8127] Transform processing unit 206 applies one or more transforms to the residual
block to generate a block of transform cocfficients {reforred to herein as a “transform
cocfficient block™). Transform processing unit 206 may apply various transforms to a
residual block to form the transform cocfficient block. For example, transform processing
unit 206 may apply a discrete cosine transform {DCT), a directional transform, a
Karhunen-Loeve transform {(KLT), or a conceptually stmlar transform to a residual
black. In some examples, trapsform processing unit 206 may perform multiple
transforms to a residual block, e.g., a pnmary transform and a secondary transform, such
as arotational transform. In some examples, transform processing unit 206 does not apply
transtorms to a residual block.

163128} When operating according to AV 1, transform processing unit 206 may apply one
or more transforms 1o the residual block to generate a block of transform coefficients
{(referred to herein as a “transform coefficient block™). Transform processing unit 206
may apply various transforms to a residual block to form the transform coefficient block.
For example, transform processing unit 206 may apply a horizontal/vertical transform

combination that may mclude a discrete cosme transform (DCT), an asymmetric discrete
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sing transform (ADST), a flipped ADST {e.g., an ADST 1n reverse order), and an identity
transform (JDTX). When using an wdentity transform, the transtorm 1s skipped in one of
the vertical or horizontal directions. In some examples, transform processing may be
skipped.

{0129} Quantization unit 208 may quantize the transform coefficients in a transform
cocfficient block, to produce a quantized transform coefficient block. Quantization unit
208 may quantize transform coefficients of a transform coefficient block according to a
gquantization parameter (QP) value associated with the current block. Video encoder 200
{¢.g., via mode selection unit 202} may adjust the degree of quantization applied to the
transform coefficient blocks associated with the current block by adjusting the QP value
associated with the CU. Quantization may introduce loss of mformation, and thus,
quantized transform cocfficients may have lower procision than the original transform
cocfficients produced by transform processing unit 206.

18130] Inverse quantization unit 210 and inverse transform processing vait 212 may
apply inverse quantization and verse transforms to a quantized transform coetfficient
block, respectively, to reconstruct a residual block from the transform cocfficient block.
Reconstruction unit 214 may produce a reconstracted block corresponding to the carrent
block (albeit potentially with some degree of distortion} based on the recounstructed
residual block and a prediction block generated by made selection unmit 202, For example,
reconstruction unit 214 may add samples of the reconstructed residual block to
corresponding samples from the prediction block generated by mode selection anit 202
to produce the reconstructed block.

{6131} Filter umt 216 may perform one or more filter operations on reconstructed blocks.
For example, filter unit 216 may perform deblocking operations to reduce blockiness
artifacts along edges of CUs. Operations of filter unit 216 may be skipped, m some
examples.

[4132] When operating according to AV 1, filter unit 216 may perform one or more filter
operations on reconstructed blocks. For example, filter onit 216 may perform deblocking
operations to reduce blockiness artifacts along edges of CUs. In other examples, filter
unit 216 may apply a constrained durectional enhancement filter (CDEF), which may be
applied afier deblocking, and may include the apphication of non-separable, non-linear,
low-pass directional filters based on estimated edge directions. Filter unit 216 may also
include a loop restoration filter, which is applied afier CDEF, and may include a separable

symmetne normalized Wiener filter or a doal self-guided filter.
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i0133} Video encoder 200 stores reconstructed blocks in DPB 218, For mstance, in
examples where operations of filter unit 216 are not performed, reconstruction unit 214
may store reconstructed blocks to BPB 218. In examples where operations of filter umit
216 are performed, filter unit 216 may store the filtered reconstructed blocks to DPB 218,
Motion estimeation unit 222 and motion compensation unit 224 may rotrieve a reference
pictare from DPB 218, formed from the reconstructed {and potentially filtered} blocks, to
inter-predict blocks of subsequently encoded pictures. In addition, intra-prediction unit
226 may use reconstructed blocks 1o DPB 218 of a current picture to intra-predict other
blocks in the corrent picture.

{8134} In general, entropy cncoding umit 220 may entropy encode syntax elements
received from other functional components of video encoder 200, For example, entropy
encoding wit 220 may entropy encode guantized transform coefficient blocks from
guantization anit 208, As another example, entropy encoding unit 220 may entropy
encade prediction syntax clements {¢.g., motion information for inter-prediction or infra-
rode information for intra~prediction) from mode selection unit 202, Eatropy encoding
unit 220 may perform one or more entropy encoding operations on the syntax elements,
which are another example of video data, to generate entropy-encoded data. For example,
entropy encoding unit 220 may perform a context-adaptive variable length coding
{(CAVLC) operation, a CABAC operation, a vanable-to-variable (V2V) length coding
operation, a syntax-based context-adaptive binary arthmetic coding (SBAC) operation, a
Probability Interval Partitioning Entropy (PIPE) coding operation, an Exponential-
Golomb encoding operation, or another type of entropy encoding operation on the data.
In some examples, entropy encoding unit 220 may operate in bypass mode where svntax
clements are not entropy encoded.

[0135] As discussed above, when performing sign prediction hypothesis, entropy
encoding unit 220 may be configured to determine a context for coding a sign prediction
syntax element for a transform coefficient based on a position of the transform coefficient,
and code the sign prediction syntax element using the determined context.

18136} Video encoder 200 may output a bitstream that includes the entropy encoded
syntax elerments needed to reconstruct blocks of a slice or picture. In particular, entropy
encoding unit 220 may output the bitstream.

{8137} In accordance with AV, entropy encoding unit 220 may be configured as a
symbol-to-symbol adaptive mulit-symbol arithmetic coder. A syntax element in AV

includes an alphabet of N elements, and a context (e.g., probability model) includes a set
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of N probabilitics. Entropy encoding unit 22¢ may store the probabilitics as n-bit {e.g.,
15-bat) cumulative distribution functions ({CDFs). Entropy encoding unit 22 may perform
recursive scaling, with an update factor based on the alphabet size, to update the contexts.
{0138} The operations described above are described with respect to a block. Such
deseription should be understood as being operations for a luma coding block and/or
chroma coding blocks. As described above, in some examples, the luma coding block
and chroma coding blocks are luma and chroma components of a CU. In some examples,
the luma coding block and the chroma coding blocks are luma and chroma components
of a PLL

{8139} In some examples, operations performed with respect to a luma coding block need
not be repeated for the chroma coding blocks. As one example, operations to identify a
mation vector (MV) and reference picture for a luma coding block need not be repeated
for identifving a MV and reference picture for the chroma blocks. Rather, the MV for the
fuma coding block may be scaled to determine the MY for the chroma blocks, and the
reference picture may be the same. As another example, the intra-prediction process may
be the same for the luma coding block and the chroma coding blocks.

{8148} Video encoder 200 represents an example of a device configured to encode video
data including a memory configured to store video data, and one or more processing units
toplemented w1 circuitry and configured to determine a context for coding a sign
prediction syntax element for a transform coefficient based on a position of the transform
cocfficient, and code the sign prediction syntax clement using the determined context.
13141} FIG. 6 is a block diagram illustrating an example video decoder 300 that may
perform the techmgues of this disclosure. FIG. 6 is provided for purposes of explanation
and i3 not bmiting on the techniques as broadly exemplified and described in this
disclosure. For purposes of explanation, this disclosure describes video decoder 300
according to the techmuques of VVC (ITU-T H.266, under development), and HEVC
(ITU-T H.263}. However, the techmques of this disclosure may be performed by video
coding devices that are configured to other video coding standards.

18142} In the example of FIG. 6, video decoder 300 includes coded picture buffer (CPB)
raemory 320, entropy decoding unit 302, prediction processing untt 304, uwerse
quantization unit 306, inverse transform processing unit 308, reconstruction unit 310,
filter unit 312, and decoded picture buffer (BPB) 314, Any or all of CPB memory 320,
entropy decoding unit 302, prediction processing unit 304, inverse quantization unit 306,

mverse transform processing unit 308, reconstruction amt 310, filter umit 312, and DPR
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314 may be implomented in one or more Processors or m processing circuitry.  For
nstance, the units of video decoder 300 may be implemented as one or more circuits or
logic elements as part of hardware circuitry, or as part of a processor, ASIC, or FPGA.
Moreover, video decoder 300 may include additional or alternative processors or
processing circuitry to perform these and other functions.

{3143} Prediction processing unit 304 mchides motion compensation unit 316 and intra~
prediction unit 318, Prediction processing unit 304 may inclode additional units to
pertorma prediction 1 accordance with other prediction modes. As examples, prediction
processing untt 304 may inchude a palette umt, an mtra-block copy vmit {(which may form
part of motion compensation wmit 316}, an affine unit, a hincar modet (LM} unit, or the
like. In other examples, video decoder 300 may mchide more, fower, or different
functional componentis.

{3144} When operating according to AV, compensation unit 316 may be configured to
decode coding blocks of video data {c.g., both luma and chroma coding blocks) using
translational motion compensation, affine motion compeusation, OBMC, and/or
compound inter-intra prediction, as described above. Intra prediction unit 318 may be
configured to decode coding blocks of video data {e.g., both luma and chroma coding
blocks} using directional intra prediction, non-directional intra prediction, recursive filter
tntra prediction, CFL, mtra block copy (IBC), and/or color palette made, as described
abowve.

[#145] CPB memory 320 may store video data, such as an encoded video bitstream, to
be decoded by the components of video decoder 300, The video data stored in CPB
memory 320 may be obtained, for example, from computer-readable medium 110 (FIG.
13. CPB memory 320 may mclade a CPB that stores encoded video data (e.g., syntax
clements) from an encoded video bitstream. Also, CPB memory 320 may store video
data other than syntax elerents of a coded picture, such as temporary data representing
outputs from the various units of video decoder 300, DPB 314 generally stores decoded
pictures, which video decoder 300 may output and/or use as reference video data when
decoding subsequent data or pictures of the encoded video bitstream. CPB memory 320
and DPB 314 may be formed by any of g varniety of memory dovices, such as DRAM,
meluding SDRAM, MRAM, RRAM, or other types of memory devices. UPB memory
320 and DPB 314 may be provided by the same memory device or separate meomory
devices. Invarious examples, CPB memory 320 may be on-chip with other components

of video decoder 300, or off-chip relative to those components.
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{0146} Additionally or aliematively, i some examples, video decoder 300 may retrcve
coded video data from memory 120 (FYG. 1), That is, memory 120 may store data as
discassed above with CPB memory 320, Likewise, memory 120 may store instructions
to be executed by video decader 300, when some or all of the functionality of video
decoder 300 is implemented in software to be executed by processing circuitry of video
decoder 300.

68347} The various units shown in FIG. 6 are illustrated to assist with understanding the
operations performed by video decoder 300, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof. Sinular to FIG. 5,
fixed-function circuits refer to circuits that provide particular functionality, and are preset
on the operations that can be performed. Programmable circuits refer to circuits that can
be programmed to perform various tasks, and provide flexible functionality 1 the
operations that can be performed. For imstance, programmable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by mstructions of the software or firmware. Fixed-function circuits may exccute
software mstructions {¢.g., 1o receive parameters or output parameters), but the types of
operations that the fixed-function circutts perform are generally immutable. In some
examples, onc or more of the uniis may be distinct circuit blocks {fixed-function or
progranumable), and in some exaraples, one or more of the units may be imtegrated
circuits.

{3148} Video decoder 300 may inchude ALUs, EFUs, digital circuits, analog circuits,
and/or programmable cores formed from programmable circuits. In examples where the
operations of video decoder 300 are performed by software executing on the
programmadle circuits, on-chip or off-chip memory may store instractions {e.g., object
code) of the software that video decoder 300 receives and executes.

{8149} Entropy decoding unit 302 may receive encoded video data from the CPB and
entropy decode the video data to reproduce syntax elements. Prediction processing unit
304, mverse quantization unit 306, inverse transform processimg unit 308, reconstruction
unit 310, and filter uni 312 may generate decoded video data based on the syntax
clements extracted from the bitstream.

[6188] In general, video decoder 300 reconstructs a picture on a block-by-block basis.
Video decoder 300 may perform a reconstruction operation on cach block ndividually
{where the block currently being reconstrucied, 1., decoded, may be referred to as a

“current block™}.
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{0151} Entropy decoding unit 302 may eotropy decode syntax clements defining
quantized transform coefficients of a quantized transform coefficient block, as well as
transform information, such as a quantization parameter (3P} and/or transform mode
indication(s}. As was described above, when performing sign prediction hypothesis,
entropy decoding vnit 302 may be configured to determine a context for coding a sign
prediction syntax element for a transform coefficient based on a position of the transform
coefficient, and code the sign prediction syntax clement using the determined context.
{6152} Inverse quantization unit 306 may use the QF associated with the quantized
transform coefficient block to determine a degree of guantization and, likewise, a degree
of inverse guantization for inverse guantization unit 306 to apply. Inverse quantization
unit 306 may, for example, perform a bitwise lefi-shift operation to inverse quantize the
quantized transform coefficients.  Inverse quantization umit 306 may therchy form a
transform coefficient block mchuding transform coefficients.

13153] After inverse quantization unit 306 forms the transform coefficient block, inverse
transform processing unit 308 may apply onc or more inverse transforms to the transform
coefficient block to generate a residual block associated with the current block. For
example, inverse transform processing unit 308 may apply an mverse DCT, an inverse
intoger transform, an inverse Karhunen-Locve transform (KUT), an mverse rotational
transform, an inverse directional transform, or another mverse transform to the transform
coefficient block.

[#154] Furthermore, prediction processing wumit 304 generates a prediction block
according to prediction information syntax clements that were entropy decoded by
entropy decoding umit 302. For example, if the prediction information syntax elements
mdicate that the current block i1s inter-predicied, motion compensation wnit 316 may
generate the prediction block. In this case, the prediction information syntax elements
may mdicate a reference picture in DPB 314 from which to retrieve a reforence block, as
well as a motion vector identifving a location of the reference block in the reference
pictare relative to the location of the current block in the cwrrent picture. Motion
compensation unit 316 may generally perform the mter-prediction process in a manner
that is substantially similar to that described with respect to motion compensation unit
224 (FIG. 5).

{0155} As another example, if the prediction information syntax clements indicate that
the current block is intra-predicted, ntra-prediction unit 318 may generate the prediction

block according to an mtra-prediction mode indicated by the prediction mformation
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syntax clements. Agamn, mira-prediction unit 318 may generally pedorm the intra-
prediction process in 3 manner that is substantially similar {0 that described with respect
to intra-prediction unit 226 (FIG. 5}, Intra-prediction unit 318 may retrisve data of
neighboring samples to the current block from DPB 314

{8156} Recoustruction unit 310 may reconstruct the current block using the prediction
block and the residual block. For example, reconstruction unit 310 may add samples of
the residual block to corresponding samples of the prediction block to reconstruct the
current block.

{6187} Filter umt 312 may perform one or more filter operations on reconstructed blocks.
For example, filter unit 312 may perform deblocking operations to reduce blockiness
artifacts along edges of the reconstrucied blocks. Operations of filter unit 312 are not
necessarily performed m all examples.

{3158} Video decoder 300 may store the reconstructed blocks in DPB 314, For istance,
in cxamples where operations of filter unit 312 are not performed, reconstroction unit 310
raay store reconstructed blocks to DPB 314, In examples where operations of filter unit
312 are performed, filter unit 312 may store the filtered reconstructed blocks to DPB 314,
As discussed above, DPB 314 may provide reference mmformation, such as samples of a
current picture for intra-prediction and previously decoded pictures for subsequent
metion compensation, to prediction processing unit 304, Moreover, video decoder 300
may output decoded pictures {c.g., decoded video) from DPB 314 for subscquent
presentation on a display device, such as display device 118 of FIG. L.

13159} In this maaner, video decoder 300 represents an example of a video decoding
device mcluding a memory configured to store video data, and one or more processing
unils implemented in circuitry and configured to determine a context for coding a sign
prediction syntax element for a transform coefficient based on a position of the transform
cocfficient, and code the sign prediction syntax clement using the determined context.
{81606} FIG. 7 i3 a flowchart ilustrating an example method for encoding a current block
in accordance with the technigues of this disclosure. The current block may comprise a
current CU. Although deseribed with respect to video encoder 200 (FIGS. 1 and 3}, 1t
should be understood that other devices may be configured to perform a method similar
to that of FIG. 7.

{8161} In this example, video encoder 200 mitially predicts the current block {350). For
example, video encoder 200 may form a prediction block for the current block. Video

encoder 200 may then calculate a residual block for the current block (352). To calculate
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the residual block, video encoder 200 may calculate a difference between the original,
unencoded block and the prediction block for the current block. Video encoder 200 may
then transform the residual block and quantize transform coefficients of the residual block
{354). Next, video encoder 200 may scan the guantized transform coeflicients of the
residual block (356). During the scan, or following the scan, video encoder 200 may
entropy encode the transform cocfficients (358). For example, video encoder 200 may
encode the transform cocfficients using CAVLC or CABAC. Video encoder 200 may
then output the entropy encoded data of the block (360},

[6162] FIG. 8 15 a flowchart illustrating an example method for decoding a current block
of video data in accordance with the techmques of this disclosure. The current block may
comprse a current CU. Afthough described with respect to video decoder 300 (FIGS. 1
and 6), it should be understood that other devices may be configured to perform a method
similar to that of FIG. 8.

18163} Video decoder 300 may reccive entropy encoded data for the current block, such
as cntropy encoded prediction mformation and entropy encoded data for transform
coefficients of a residual block corresponding to the current block (378). Video decoder
300 may entropy decode the entropy encoded data to determine prediction information
for the current block and to reproduce transform coefficients of the residual block (372}
Video decoder 300 may predict the current block (374), ¢.g., using an intra- o1 intor-
prediction mode as indicated by the prediction information for the current block, to
calculate a prediction block for the current block. Video decoder 300 may then inverse
scan the reproduced transform cocfficients (376}, to create a block of quantized transform
coefficients. Video decoder 300 may then inverse quantize the transform coefficients and
apply an wnverse transform to the transform coefficients to produce a residual block (378}
Video decoder 300 may ultimately decade the current black by combimning the prediction
block and the residual block (380).

[8164] FIG. 9 15 a flowchart illustrating another example method for encoding a current
block 1 accordance with the techniques of this disclosure. The technigues of FIG. 9 may
be performed by one or more structural units of video encoder 200, including entropy
encoding unit 220,

[6165] In one example of the disclosure, video encoder 200 may be configured to
determine a sign of transform coefficient (500). Video encoder 200 may be further

configured to deternune a sign prediction hvpothesis for the transform coefficient (302},
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In one example, video encoder 200 mayv determine the sign prediction hypothesis by
mininuzing a cost function that includes combined template values.

[8166] Video encoder 200 may further determine a context for encoding a sign prediction
syntax element for the transform cocfficient based on a position of the transform
cocfficient in the block of video data, wherein the sign prediction syntax clement indicates
whether a sign prediction hypothesis is correct for the transform coefficient (504). Video
encoder 200 may further encode the sign prediction syntax element using the context
{506).

{6167} In one example, to determine the context for encoding the sign prediction syntax
clement for the transform cocflicient based on the position of the transform coefficient in
the block of video data, video encoder 200 is further configured to detcomine the context
for encoding the sign prediction syntax clement for the transform cocfficient based on
whether the transform cocfficient is a DC coefficient.

18168} In another example, to determine the comtext for encoding the sign prediction
syntax clement for the transform coefficient based on the position of the transform
coefficient in the block of wvideo data, video encoder 200 is further configured to
determine a first context for encoding the sign prediction syntax element based on the
transform coefficient being a BC cocfficient, and determine a second context for encoding
the sign prediction syntax element based on the transform coefficient not bemng the DC
coetficient,

{3169} In another example, to deternune the context for encoding the sign prediction
syntax clement for the transform coefficient based on the position of the transform
coefficient in the block of video data, video encoder 200 s further configured to
determine the context for encoding the sign prediction syniax clement based on a sign
prediction order in the block of video data, wherein the position of the transform
cocfficient in the block of video data is based on the sign prediction order.

[8176] In another example, video encoder 200 1s further configured to determine the
context for encoding the sign prediction syntax element for the transform coefficient
further based on a coding mode used to encode the block. That 1s, video encoder 200 is
counfigured to determine the context for the sign prediction syntax clement based on both
the position of the transform coefficient and the coding mode.

(8171} In ancther example, to determine the context for encoding the sign prediction
syotax clement for the transform coetficient further based on the coding mode, video

encoder 200 is further configured to determine the context for encoding the sign
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prediction syntax clement further based on whether the coding mode used to code the
block of video data is an inter prediction coding mode or an intra prediction coding mode.
{8172} In ancther example, video encoder 200 is farther configured to deternune the
comtext for encoding the sign prediction syntax clement for the transform coefficient
further based on an intra prediction direction.

[8173] FIG. 10 1s a flowchart ilhustrating ancther example method for decoding a current
block in accordance with the techniques of this disclosure. The techniques of FIG. 10
may be performed by one or more staactural units of video decoder 300, mcluding entropy
decoding unit 302,

[8174] In onc example of the disclosure, video decoder 300 is configured to determine a
context for decoding a sign prediction syntax clement for a transform coefficient based
on a position of the transform coefficient in a block of video data, wherein the sign
prediction syntax element indicates whether a sign prediction hyvpothesis is correct for the
transform cocfficient (520). Video decoder 300 may then decode the sign prediction
syntax element using the context (522}

[8175] Video decoder 300 may be further configured to determine a sign prediction
hypothesis for the transform coefficient (524). For example, video decoder 300 may
determine the sigo prediction hypothesis by minimizing a cost function that includes
combined template values. Video decoder 300 may then deternune a sign of the
transform coefficient based on the sign prediction hvpothesis and the sign prediction
syntax clement (526}, and decode the block of video data based on the sign of the
transform coefficient (528).

{6176} In one example, to determine the context for decoding the sign prediction syntax
clement for the transform coefficient based on the position of the transfonm coefficient in
the block of video data, video decoder 300 is further configured to detcomine the context
for decoding the sign prediction syntax element for the transform coefficiont based on
whether the transform coetficient is a DC coefficient.

{8177} In another example, to deternuine the context for decoding the sign prediction
syntax clement for the transform coefficient based on the position of the transform
coefficient in the block of video data, video decoder 300 is further configured to
determine a first context for decoding the sign prediction syntax element based on the
transform coefficient being a BC coefficient, and determine a second context for decoding
the sign prediction syotax clement based on the transform coefficient not being the DC

coeflicient.
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18178} In another cxample, to determine the comtext for decoding the sign prediction
syntax element for the transform coefficient based on the posttion of the transform
coefficient in the block of video data, video decoder 300 is farther configared to
determine the context for decoding the sign prediction syntax element based on a sign
prediction order n the block of video data, wherein the posttion of the transform
cocfficient in the block of video data is based on the sign prediction order.

{8179] In another example, video decoder 300 is further configured to determine the
context for decoding the sign prediction syntax element for the transform coetficient
further based on a coding mode used to encode the block.

(8188} In ancther example, to determine the context for decoding the sign prediction
syntax clement for the transform cocthicient further based on the coding mode, video
decoder 300 s further configured to determine the comtext for decoding the sign
prediction syntax element further based on whether the coding mode used to code the
block of video data is an inter prediction coding mode or an intra prediction coding mode.
{6181} In another example, video decoder 300 is further configured to determine the
context for decoding the sign prediction syntax element for the transform cocfficient
further based on an intra prediction direction.

{6182 Other illustrative aspects of the technigues and devices of the disclosure are
described below.

{3183} Aspect 1 -~ A method of decoding video data, the method comprising: determining
a context for decoding a sign prediction syntax element for a transform coeflicient based
on a position of the transform cocfficient in 2 block of video data, wherein the sign
prediction syotax element indicates whether a sign prediction hypothesis is correct for the
transform coefficient; and decoding the sign prediction syntax clement using the context.
{8184 Aspect 2 - The method of Aspect I, wherein determining the context for decoding
the sign prediction syntax element for the transform coefficient based on the position of
the transform coetficient m the block of video data comprises: determining the context
for decoding the sign prediction syntax element for the transform coefficient based on
whether the transform coefficient is a DC cocfficient.

{0185} Aspect 3 - The method of Aspect |, wherein determining the context for decoding
the sign prediction syntax clement for the transform coefficient based on the position of
the transform cocfficient in the block of video data comprises: determining a first context

for decoding the sign prediction syntax element based on the transtorm coefficient being
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a DC cocfficiont; and determining a sccond context for decoding the sign prediction
syntax element based on the transform coefficient not bemng the DC coefficient.

[8186] Aspect 4 - The method of Aspect 1, wherein determining the context for decoding
the sign prediction syntax clement for the transform coefficient based on the position of
the transform cocfficicnt m the block of video data comprises: deternuning the context
for decoding the sign prediction syntax element based on a sign prediction order in the
block of video data, wherein the position of the transform coefficient in the block of video
data is based on the sign prediction order,

{6187} Aspect S - The method of Aspect 1, further compnising: determining the context
for decoding the sign prediction syntax clement for the transform coefficient further based
on a coding mode used to code the block of video data.

[8188] Aspect 6 - The method of Aspect 5, wherein determining the context for decoding
the sign prediction syntax element for the transform coefficient further based on the
coding mode comprises: determining the context for decoding the sign prediction syntax
clement further based on whether the coding mode used to code the block of video data
is an inter prediction coding mode or an intra prediction coding mode.

{8189} Aspect 7 - The method of Aspect 1, further comprising: determining the context
for decoding the sign prediction syntax clement for the transform coefficient further based
on an intra prediction direction.

[4198] Aspect 8 - The method of any of Aspects 1-7, further comprising: determining a
sign prediction hypothesis for the transform coefficient; determining a sign of the
transform coefficient based on the sign prediction hvpothesis and the sign prediction
syntax element; and decoding the block of video data based on the sign of the transform
coefficient.

{0191} Aspect 9 - The method of Aspect 8, wherein determining the sign prediction
hypothesis for the transform coefficient comprises: mintmizing a cost function that
mcludes combined template values.

{81921 Aspect 10 - The method of Aspect §, further comprising: displaying a picture that
includes the block of vides data.

{0193} Aspect 11, Ao apparatus configured to decode video data, the apparatus
compnising: a memory configured to store a block of video data; and one or more
processors implemented in circuitry and in communication with the memory, the one or
more processors configured to: determine a context for decoding a sign prediction syotax

element for a transform coefficient based on a position of the transform coefficient in the
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block of video data, wherein the sign prediction syntax element indicates whether a sign
prediction hypothesis 1s correct for the transform coefficient; and decode the sign
prediction syntax clement using the context.

{0194} Aspect 12 - The apparatus of Aspect 11, wherein to determine the context for
decoding the sign prediction syndax clement for the transform coctficient based oun the
position of the transform cocfficient in the block of video data, the one or more processors
are further configured to: deternmine the context for decoding the sign prediction syntax
clement for the transforn coefficient based on whetber the transform coefficient s a BC
coefficient.

[83195] Aspect 13 - The apparatus of Aspect 11, wherein to determine the context for
decoding the sign prediction syntax clement for the transform coefficient based on the
posttion of the transform coeffictent in the block of video data, the one or more processors
are further configured to: determune a first context for decoding the sign prediction syntax
clement based on the transform cocfficient being a DC cocfficient; and detormine a
second context for decoding the sign prediction syntax eloment based on the transform
coefficient not being the DC cocfficient,

[8196] Aspect 14 - The apparatus of Aspect 11, wherein to determine the context for
decoding the sign prediction syntax clement for the transform cocfficicnt based on the
posttion of the transform coefficient in the block of video data, the one or more processors
are further configured to: determine the context for decoding the sign prediction syntax
element based on a sign prediction order in the block of video data, wherein the position
of the transform coefficient in the block of video data is based on the sign prediction
order.

{8197} Aspect 15 - The apparatus of Aspect 11, wherein the one or more processors are
further configured to: determine the context for decoding the sign prediction syntax
clement for the transform cocfficient further based on a coding mode used o code the
block of video data.

{3198] Aspect 16 - The apparatus of Aspect 15, wherein to determine the context for
decodmg the sign prediction syntax clement for the transform coefficient further based
on the coding mode, the one or more processors are further configured to: determing the
context for decoding the sign prediction syntax element further based on whether the
coding mode used to code the block of video data is an inter prediction coding mode or

an inira prediction coding mode.
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183195] Aspect 17 - The apparatus of Aspect |1, wherein the one or more processors are
further configured to: determine the context for decoding the sign prediction svntax
clement for the transform coefficient further based on an intra prediction direction.
{0208} Aspect 18 - The apparatus of any of Aspects 11-17, wherein the one or more
processors are further configured to deternune a sign prediction hypothesis for the
transform coefficient; determine a sign of the transform coefficient based on the sign
prediction hypothesis and the sign prediction syntax element; and decode the block of
video data based on the sign of the transform cocfficient.

(6201} Aspect 19 - The apparatus of Aspect 18, wherein to determine the sign prediction
hypothesis for the transform coefficient, the one or more processors are further configured
to: minindze a cost function that includes combined template values.

{8202 Aspect 20 ~ The apparatus of Aspect 18, further comprising: a display configured
to display a picture that includes the block of video data.

18203] Aspect 21 - An apparatus configured to decode video data, the apparatus
comprising: means for determining a context for decoding a sign prediction syntax
clement for a transform coefficient based on a position of the transform coefficient in a
block of video data, wherein the sign prediction syntax element indicates whether a sign
prediction hypothesis is correct for the transform cocfficient; and means for decoding the
sign prediction syntax clement using the context.

03204} Aspect 22 - The apparatus of Aspect 21, wherein the means for determining the
context for decoding the sign prediction syntax element for the transform coefficient
based on the position of the transform coctficient in the block of video data comprises:
means for determining the context for decoding the sign prediction syntax element for the
transform coefficient based on whether the transform coefficient 13 a DU coefficient.
[8205] Aspect 23 - The apparatus of Aspect 21, wherein the means for determining the
context for decoding the sign prediction syotax clement for the transform coefficient
based on the position of the transform coefficient in the block of video data comprises:
means for determining a first context for decoding the sign prediction syntax element
based on the transform coefficient being a DC coefficient; and means for determining a
second context for decoding the sign prediction syntax clement based on the transform
coefficient not being the DC cocfficient.

[8286] Aspect 24 - The apparatus of Aspect 21, wherein the means for determining the
context for decoding the sign prediction syotax clement for the transform coefficient

based on the posifion of the transform coefficient in the block of video data comprises:



WO 2022/213042 PCT/US2022/071346
46

raeans for determining the context for decoding the sign prediction syntax elernent based
on a sign prediction order in the block of video data, wherein the position of the transform
coefficient in the block of video data 1s based on the sign prediction order.

{0207} Aspect 25 - The apparatus of Aspect 21, further comprsing: means for
determaining the context for decoding the sign prediction syntax clement for the transform
coetficient further based on a coding mode used to code the block of video data.

{8208 Aspect 26 - The apparatus of Aspect 25, wherein the means for determining the
context for decoding the sign prediction syntax element for the transform coetficient
further based on the coding mode comprises: means for determining the context for
decoding the sign prediction syntax element further based on whether the coding mode
used to code the block of video data is an inter prediction coding mode or an intra
prediction coding mode.

[#208] Aspect 27 - The apparatus of Aspect 21, further comprising: means for
determining the context for decoding the sign prediction syntax element for the transform
cocfficient further based on an intra prediction direction.

(8218} Aspect 28 - The apparatus of any of Aspects 21-27, further comprising: means for
determining a sign prediction hypothesis for the transform coefficient; means for
determining a sign of the transform coefficient based on the sign prediction hypothesis
and the sign prediction syntax clement; and means for decoding the block of video data
based on the sign of the transform coefficient.

{8211} Aspect 29 - The apparatus of Aspect 28, wherein the means for determining the
sign prediction hypothesis for the transform coefficient comprises: means for miniumizing
a cost function that imchides combined template vahues.

{6212} Aspect 30 - The apparatus of Aspect 28, further comprising: means for displaying
a picture that mcludes the block of video data.

{8213} Aspect 31 - A non-trapsitory computer-readable storage medium  storing
mstructions that, when executed, cause one or more processors configured to decode
video data to: determine a context for decoding a sign prediction svntax element for a
transform coeffictent based on a position of the transform coefficient in a block of video
data, wherein the sign prediction syntax clement indicates whether a sign prediction
hypothesis is correct for the transform coefficient; and decode the sign prediction syntax
clement using the context.

{0214} Aspect 32 - The non-transitory computer-readable storage medium of Aspect 31,

wherein fo determine the context for decoding the sign prediction syntax element for the



WO 2022/213042 PCT/US2022/071346
47

transform cocfficient based on the position of the transform coefficient in the block of
video data, the mstructions further cause the one or more processors to) deternyne the
context for decoding the sign prediction syntax element for the transform cosfficient
based on whether the transform coefficient is a DC coefficient.

[8215] Aspect 33 ~ The non-transitory computer-readable storage medium of Aspect 31,
wherein {o determine the context for decoding the sign prediction syntax element for the
transform coefficient based on the position of the transform coefficient in the block of
video data, the instructions further cause the one or more processors to: determine a first
coniext for decoding the sign prediction syntax element based on the transform coefficient
being a DC coefficient: and determine a sccond context for decoding the sign prediction
syntax element based on the transform coefficiont not being the BC coefficient.

[8216] Aspect 34 ~ The non-transitory computer-readable storage medium of Aspect 31,
wherein {o determine the context for decoding the sign prediction svitax element for the
transform cocfficient based on the position of the transform coefficient in the block of
video data, the mstructions further cause the one or more processors to: deternune the
context for decoding the sign prediction svntax element based on a sign prediction order
in the block of video data, wherein the posttion of the transform coefficient in the block
of video data is based on the sign prediction order.

[8217] Aspect 35 ~ The noo-trapsitory computer-readable storage medium of Aspect 31,
wherein the istructions further cause the one or more processors to: determine the
context for decoding the sign prediction syntax element for the transform coefficient
further based on a coding mode used to code the block of video data .

{0218} Aspect 36 - The non-transitory computer-readable storage medium of Aspect 35,
wherein to determine the context for decoding the sign prediction syntax element for the
transform coefficient further based on the coding mode, the instructions further cause the
one or MOre processors to: determine the context for decoding the sign prediction svatax
element further based on whether the coding mode used to code the block of video data
is an nter prediction coding mode or an infra prediction coding mode.

{8219} Aspect 37 - The non-transitory computer-readable storage medium of Aspect 31,
wherein the mstructions further cause the one or more processors to; determine the
context for decoding the sign prediction syntax element for the transform coefficient
further based on an intra prediction direction.

{0220} Aspect 38 - The non-transitory computer-readable storage medium of any of

Aspects 31-37, wherein the mstructions further cause the one or more processors to:
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determine a sign prediction hypothesis for the transform coefficient; determine a sign of
the transform coetficient based on the sign prediction hypothesis and the sign prediction
syntax element; and decode the block of video data based on the sign of the transform
coefficient.

{8221} Aspect 39 - The non-transitory computer-readable storage medium of Aspect 38,
wherein to determine the sign prediction hypothesis for the transform coefficient, the
instructions further cause the one or more processors to: minimize a cost function that
includes combined template values.

(6222} Aspect 40 - The non-transitory computer-readable storage medium of Aspect 3§,
wherein the instractions further cause the one or more processors to: display a picture that
includes the block of video data.

[08223] Aspect 41 - An apparatus configured to encode video data, the apparatus
comprising: a3 memory configured to store a block of video data; and one or more
processors implemented in circuitry and in comununication with the memory, the one or
raore processors configured to: deternine a context for encoding a sign prediction symtax
element for a transform coefficient based on a position of the transform coefficient in the
block of video data, wherein the sign prediction syntax element indicates whether a sign
prediction hypothesis is correct for the transform cocfficicnt; and cncode the sign
prediction syntax cloment using the context.

{0224} Aspect 42 - The apparatus of Aspect 41, wheremn to determine the context for
encoding the sign prediction syntax element for the transform coefficient based on the
position of the transform coefficient in the block of video data, the one or more processors
are further configured to: detormine the context for encoding the sign prediction svntax
clement for the transform coefficient based on whether the transform coefficient is a BC
coefficient.

[8225] Aspect 43 - The apparatus of Aspect 41, wherein to determine the context for
encoding the sign prediction syntax element for the transform coefficient based on the
posttion of the transform coefficient in the block of video data, the one or more processors
are further configured to: determine a first context for encoding the sign prediction syntax
clement based on the transform coefficient being a DC coeffictent; and determine a
second context for encoding the sign prediction syntax element based on the transform
coefficient not being the BC coefficient.

{0226} Aspect 44 - The apparatus of Aspect 41, wheren to determine the context for

encoding the sign prediction syniax element for the transform coefficient based on the
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position of the transform cocfficient 1n the block of video data, the one or more processors
are further configured to: determine the context for encoding the sign prediction syntax
clement based on a sign prediction order in the block of video data, wherein the position
of the transform coefficient in the block of video data i1s based on the sign prediction
order.

{82271 Aspect 45 - The apparatus of Aspect 41, wherein the one or more processors are
further configured to: determune the context for encoding the sign prediction syntax
clement for the transform coefficient further based on a coding mode used to code the
block of video data.

[8228] Aspect 46 - The apparatus of Aspect 45, wherein to determine the context for
encoding the sign prediction syntax clement for the transform coefficient further based
on the coding mode, the one or more processors are further configured to: determine the
context for encoding the sign prediction syntax element further based on whether the
coding mode used to code the block of video data is an mter prediction coding mode or
an intra prediction coding mode.

{8229} Aspect 47 - The apparatus of Aspect 41, wherein the one or more processors are
further configured to: determine the context for encoding the sign prediction syntax
clement for the transform coefficient further based on an intra prediction dircction.
{8236 Aspect 48 - The apparatus of any of Aspects 41-47, wherein the one or more
processors are further configured to: determinming a sign of the transform coefficient; and
determining a sign prediction hvpothesis for the transform coefficient, and wherein to
encade the sign prediction syatax clement, the one or more processors are configured to
encode the sign prediction using the context based on the sign of the transform coefficient
and the sign prediction hyvpothesis.

[8231] Aspect 49 - The apparatus of Aspect 48, wherein to determine the sign prediction
hypothesis for the transform coctiicient, the one or more processors are further configured
to: minimize a cost function that includes combined template vahies.

{8232} Aspect 50 - The apparatus of Aspect 48, further comprising: a camera configured
to capture a picture that includes the block of video data.

10233} Aspect 51 - A method of coding video data, the method comprising: deternining
a context for coding a sign prediction for a transform coefficient based on a position of
the transform coefficient; and coding the sign prediction using the determined context.
{0234} Aspect 52 - The method of Aspect 51, wherein the sign prediction is a bin that

indicates whether a sign prediction hypothesis 1s correct for the transform coefficient.
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18238} Aspect 53 - The method of any of Aspects 51-52, wherein determining the context
for coding the sign prediction for the transform coefficient based on the position of the
transform coefficient comprises: determining a first context for coding the sign prediction
based on the transform coefficient being a DC coefficient; and determining a second
context tor coding the sign prediction based on the transform coefficient not being the
BC coefficient.

[8236] Aspect 54 - The method of any of Aspects 51-52, wherein determining the context
for codimng the sign prediction for the transform coefficient based on the position of the
transform coefficient comprises: determining the context for coding the sign prediction
based on a quadrant of a block that inchudes the transform coefficient.

18237} Aspect 55 - The method of any of Aspects 51-52, wherein determining the context
for coding the sign prediction for the transform cocfiicient based on the postiion of the
transform coefficient comprises: determining to use the same context for two transform
cocfficients that have position symmetey.

[6238] Aspect 56 - The method of any of Aspects 51-52, wherein deternining the context
for coding the sign prediction for the transform coefficient based on the position of the
transform coefficient comprises: determining the context for coding the sign prediction
based on a sign prediction order.

[8239] Aspect 57 ~ A method of coding video data, the method comprising: detenmining
a context for coding a sign prediction for a transform coctficient based on a coding mode;
and coding the sign prediction using the determined context.

18248] Aspect 5% - The method of Aspect 57, wherein the sign prediction is a bin that
ndicates whether a sign prediction hypothesis 1s correct for the transform coefficient.
{6241} Aspect 59 - The method of any of Aspects 57-58, wherein determining the context
for coding the sign prediction comprises: determining the context for coding the sign
prediction based on the use of mier prediction or intra prediction 1o code the block
ncluding the transform cocfficient.

[68242] Aspect 60 - The method of any of Aspects §7-58, wherein determining the context
for coding the sign prediction comprises: determining the context for coding the sign
prediction based on an intra prediction direction.

[6243] Aspect 61 - The method of any of Aspects 57-58, wherein determining the context
for coding the sign prediction comprises: determining the context for coding the sign

prediction based on a primary transform.
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18244} Aspect 62 - The method of any of Aspects 57-58, wherein determining the context
for coding the sign prediction comprises: determuning the context for coding the sign
prediction based on a secondary transform.

{0245} Aspect 63 - The method of any of Aspects 51-62, wherein coding comprises
decoding, wherem the method further comprises: determuning a sign prediction
hypothesis for the transform coefficient; determimng a sign of the transform coefficient
based on the sign prediction hypothesis and the decoded sign prediction; and decoding a
block of video data based on the determined sign.

{6246} Aspect 64 - The method of any of Aspects 51-62, wherein coding comprises
encoding, wherein the method further comprises: determining a sign of the transform
coefficient; and determining a sign prediction hypothesis for the transform coefficient,
wherein encoding the sign prediction comprises encodng the sign prediction using the
determined context based on the sign of the transform coefficient and the sign prediction
hypothesis.

162471 Aspect 65 - The method of any of Aspects 63-64, wherein deternuning the sign
prediction hypothesis for the transform coefficient comprises: deternuning the sign
prediction hypothesis by nunimizing a cost function that mcludes combined template
values.

{0248} Aspect 66 - The method of any combination of Aspects 51-65,

682481 Aspect 67 - A device for coding video data, the device comprising one or more
means for performing the method of any of Aspects 51-66.

18256] Aspect 68 - The dovice of Aspect 67, wherein the one or more means comprise
one or more processors implemented i circuitry.

{6251} Aspect 69 - The deviee of any of Aspects 67 and 68, further comprising a memory
o store the video data.

{0252} Aspect 70 - The device of any of Aspects 67-69, further comprising a display
configured to display decoded video data.

{8253} Aspect 71 - The device of any of Aspects 67-70, wherein the device comprises
one or more of a camera, a computer, a mobile device. a broadcast recetver device, or a
set-top box.

[6254] Aspect 72 - The device of any of Aspects 67-71, wheremn the device comprises a
video decoder.

[8255] Aspect 73 ~ The device of anv of Aspects 67-72, wheremn the device comprises a

video encoder.
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10236] Aspect 74 - A computer-readable storage medium baving stored thercon
instructions that, when executed, cause one or more processors 1o perform the method of
any of Aspects 51-66.

{0257} It 1s to be recognized that depending on the example, certain acts or events of any
of the techniques described berein can be performed in a differcnt sequence, may be
added, merged, or left out altogether {¢.g., not all described acts or events are necessary
for the practice of the techniques). Moreover, in certain examples, acts or events may be
pertormacd concurrently, ¢.g., through multi-threaded processing, mitcrrupt processing, or
multiple processors, rather than sequentially.

[8258] In one or more cxamples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmittted over as one or more instructions or code on
a computer-readable mediom and execoted by a hardware-based processing umit.
Computer-readable media may mclude computer-readable storage media, which
corresponds to a tangible mediwm such as data storage media, or communication media
mchuding any medium that facilitates transfer of a computer program from one place to
another, ¢.g., according to a communication protocol. In this manner, computer-readable
media generally may correspond to (1) tangible computer-readable storage media which
is non-transitory or {2} a communication medium such as a signal or carrier wave. Data
storage media may be any available media that can be accessed by one or more computers
Or one Of more processors o retrieve instructions, code and/or data structures for
implementation of the technigques described in thus disclosure. A computer program
product may include a computer-readable medium.

{82551 By way of example, and not limitation, such computer-readable storage media can
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk
storage, or other maguetic storage devices, flash memory, or any other mediwn that can
be used to store desired program code in the form of instructions or data structures and
that can be accessed by a computer. Also, any connection i3 properly termed a compuier-
readable medium. For example, if instructions are transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
hne (DSL), or wireless technologics such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless techunologies such as
infrared, radio, and nucrowave are ncluded in the definition of medium. It should be

understood, however, that computer-readable storage media and data storage media do
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not mclude connections, carder waves, signals, or other transitory media, but are instead
directed to non-transitory, tangible storage media. Disk and disc, as used herein, includes
compact disc {CD), laser disc, optical dise, digital versatile disc (BVD), floppy disk and
Blu-ray disc, where disks usually reproduce data magnetically, while discs reproduce data
optically with lasers. Combinations of the above should also be ncluded within the scope
of compuier-readable media.

{8268} Instructions may be executed by one or more processors, such as one or more
DSPs, general purpose microprocessors, ASICs, FPGAs, or other equivalent integrated or
discrete logic circuitry. Accordingly, the terms “processor” and “processing circuitry,” as
used herein may refer to any of the foregoing structures or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality descrbed herein may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codee. Also, the technigucs could be fully implemented 10 one or more circuits o1 logic
clements.

[8261] The techmgues of this disclosure may be implemented in a wide variety of devices
or apparatuses, including a wireless handset, an integrated circuit (IC orasetof ICs (e g,
a chip set}. Vartous components, modules, or units are described in this disclosure to
emphasize functional aspects of devices configured to perform the disclosed techniques,
but do not necessanly require realization by different hardware units. Rather, as described
above, various unifs may be combined in a codec hardware anit or provided by a
collection of interoperative hardware units, including one or more processors as described
above, m conjunction with suitable software and/or finmware.

{8262} Various examples have been described. These and other examples are within the

scope of the following clamms.
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WHAT IS CLAIMED IS

I A method of decoding video data, the method comprising:

determining a context for decoding a sign prediction syniax element for a
transform cocfficient based on a position of the transform coetficient i a block of video
data, wherein the sign prediction syntax clement indicates whether a sign prediction
hypothesis is correct for the transform coefficient; and

decoding the sign prediction syntax element using the context.

2. The method of claim 1, wherein determiming the context for decoding the sign
prediction syntax clement for the transform coefficient based on the position of the
transform cocfficient in the block of video data comprises:

determuning the context for decoding the sign prediction syntax element for the

transform coefficient based on whether the transform coefficient is a DC coefficient.

3. The method of claim 1, wherein determining the context for decoding the sign
prediction syntax element for the transform coefficient based on the position of the
transforn coetficient in the block of video data comprises:

determining a first context for decoding the sign prediction syntax clement based
on the transform coefficient being a DC coefficient; and

deternuning a second context for decoding the sign prediction syntax element

based on the transform coeflicient not being the DC coctficient.

4 The method of claim 1, wherein detormining the context for decoding the sign
prediction syntax ¢lement for the transform coefficient based on the position of the
transform coefficient in the block of video data comprises:

determining the context for decoding the sign prediction syntax element based on
a sign prediction order in the block of video data, wherein the position of the transform
coefficient in the block of video data is based on the sign prediction order, and wherein

the sign prediction order is a scanning order within the block.

5 The method of claim 1, further comprising:
determining the context for decoding the sign prediction syntax element for the

transform coefficient further based on a coding mode used to encode the block.
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6. The method of claim 5, wherein determining the context for decoding the sign
prediction syntax clement for the transform coefficient further based on the coding mode
comprises:

determining the coniext for decoding the sign prediction syntax clement further
based on whether the coding mode vsed to code the block of video data is an inter

prediction coding mode or an intra prediction coding mode.

7. The method of claim 1, further comprising:
determining the context for decoding the sign prediction syntax element for the

transform coefficient further based on an indra prediction direction.

8. The method of claim 1, further comprising:
deternmining the sign prediction hypothesis for the transform coefficient;
deternuning a sign of the transform coefficient based on the sign prediction
hypothesis and the sign prediction syntax element; and

decoding the block of video data based on the sign of the transform coefficient.

9. The method of claim 8, wherein determining the sign prediction hypothesis for
the transform cocfficient comprises:

minimizing a cost function that includes combined template valoes.

10, The method of claim 8, further comprising:

displaying a pictore that includes the block of video data.

1t An apparatus configured to decode video data, the apparatus comprising:
amemory configured to store a block of video data; and
one or more processors implemented in etreaitry and in comnmumication with the
raemory, the one or more processors contigured to:
determine a context for decoding a sign prediction syntax clement for a
transtorm coefficient based on a position of the transform coefficient in the block
of video data, wherein the sign prediction syntax element indicates whether a sign
prediction hypothesis is correct for the transform coefficient; and

decode the sign prediction svniax clement using the context,
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12, The apparatus of claim 1, wherein to determine the context for decoding the sign
prediction syntax clement for the transform coefficient based on the position of the
transform cocfficient in the block of video data, the onc or more processors are further
configured to:

determine the context for decoding the sign prediction svntax clement for the

transform coefficient based on whether the transform coefficient is a DC coefficient.

13, The apparatus of clawn 11, wherein to determine the context for decoding the sign
prediction syntax clement for the transform coefficient based on the position of the
transform coefficient in the block of video data, the one or more processors are further
configured to:

determune a first context for decoding the sign prediction syntax element based on
the transform cocfficient being a DC cocfficient; and

determune a second context for decoding the sign prediction syntax element based

on the transform coefficient not being the DC coefficient.

14, The apparatus of claim 11, wherein to determine the context for decoding the sign
prediction syntax element for the transform coefficient based on the position of the
transform coefficient i the block of video data, the one or more processors are further
contigured to:

determine the context for decoding the sign prediction syntax clement based on a
sign prediction order in the block of video data, wherein the position of the transform
cocfficient in the block of video data is based on the sign prediction order, and wherein

the sign prediction order i3 a scanning order within the bloc.

15, The apparatus of clazm 11, wherein the one or more processors are further
contigured to:
determine the context for decoding the sign prediction syntax element for the

transform cocfficient further based on a coding mode used to encode the block.
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16, The apparatus of claim 15, wherein to determine the context for decoding the sign
prediction syotax element for the transform coefficient further based on the coding mode,
the one or more processors are further configured to:

determine the context for decoding the sign prediction syntax element further
based on whether the coding mode used to code the block of video data is an nter

prediction coding mode or an intra prediction coding mode.

17.  The apparatus of claim 11, wherein the one or more processors are turther
contigured to:
determine the context for decoding the sign prediction syntax element for the

transform coefficient further based on an indra prediction direction.

18, The apparatus of claim 11, wherein the one or more processors are further
configured to:

deternune the sign prediction hypothesis for the transform coefficient;

determine a sign of the transform coefficient based on the sign prediction
hypothesis and the sign prediction syntax clement; and

decode the block of video data based on the sign of the transform cocfficient.

19, The apparatus of claim 18, wherein to deternune the sign prediction hypothesis
for the transform coefficient, the one or more processors are further configured to:

mimimize a cost function that includes combined template values.

20, The apparatus of claim 18, further comprising;

a display configured to display a picture that includes the block of video data.

2}, The apparatus of claim 11, wherein the apparatus is a wireless communication
device.
22, An apparatus contigured to encode video data, the apparatus comprising:

amemory configured fo store a block of video data; and
one or more processors implemented in circuitry and in communication with the

memary, the one or more processors configured to:
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determine a context for encoding a sign prediction syntax clement for a
transtorm coefficient based on a position of the transform coefficient in the block
of video data, wherein the sign prediction syntax element indicates whether a sign
prediction hypothesis is correct for the transform coefficient; and

encode the sign prediction syotax clement using the context.

23.  'The apparatus of claim 22, wherein to determine the context for encoding the sign
prediction syntax clement for the transform coctficient based on the position of the
transform coefficient in the block of video data, the one or more processors are further
configured to:

determine the context for encoding the sign prediction syntax element for the
transform coefficient based on whether the transform coefficient 1s a DC coefficient.
24.  'The apparatus of claim 22, wherein to determine the context for encoding the sign
prediction syntax clement for the transform coetficient based on the position of the
transform coefficient in the block of video data, the one or more processors are further
configured to:

determine a first context for encoding the sign prediction syntax element based on
the transform coefficient being a DC coefficient; and

determine a second context for encoding the sign prediction syntax element based

on the transform coefficient not being the DC coefficient.

25 The apparatus of claim 22, wherein to deternune the context for encoding the sign
prediction symtax clement for the transform coefficient based on the position of the
transform coefficient in the block of video data, the one or more processors are further
configured to:

determine the context for encoding the sign prediction syntax element based ona
sign prediction order m the block of video data, wherein the position of the transform
coefficient in the block of video data is based on the sign prediction order, and wherein

the sign prediction order is a scanning order within the bloc.

26.  The apparatas of claim 22, wherein the one or more processors are further

configared to:
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deternune the condext for encoding the sign prediction syntax clement for the

transform coefficient further based on a coding mode used to encode the block.

27, The apparates of claim 26, wherein to determine the context for encoding the sign
prediction syntax element for the transform coefficient further based on the coding mode,
the one or more processors are further configured to:

determine the context for encoding the sign prediction syntax element further
based on whether the coding mode used to code the block of video data 5 an inter

prediction coding mode or an intra prediction coding mode.

28 The apparatus of claim 22, wherein the onc or more processors are further
configured to:
determine the context for encoding the sign prediction syntax clement for the

transform coefficient further based on an intra prediction direction.

29, The apparatus of claim 22, wherein the one or more processors are further
configured to:

determine a sign of the transform coefficient; and

determine the sign prediction hypothesis for the transform coefficient, and

wherein to encode the sign prediction syntax element, the one or more processors
are configured to encode the sign prediction syntax element using the context based on

the sign of the transform coefficiont and the sign prediction hypothesis.

30 The apparatus of claim 29, wherein to determine the sign prediction hypothesis
for the transform coefficient, the one or more processors are further configured to:

minimize a cost function that includes combined template values.

31 The apparatus of claim 29, further comprising:
a camera configured to capture a picture that inchudes the block of video data.
32, The apparatus of clamm 22, wherein the apparatus i3 a wireless communication

device.



