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(Related Art)

(57) Abstract: A method of video decoding includes receiving a coded video
bitstream including a current picture. The method further includes- determining
whether a current block included in the current picture is coded in intra block copy
( IBC) mode. The method further includes, in response to the current block being
coded in the IBC mode, determining a number of [BC predictor candidates associ-
ated with the current block. The method further includes constructing an IBC pre-
dictor candidate list having a. size corresponding to the number of IBC predictor
candidates. The method further includes selecting a block vector predictor from the
IBC predictor candidate list. The method farther includes decoding a block vector
associated with the current block, using the block vector predictor. The method
further includes decoding the current block in accordance with the block vector.
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METHOD AND APPARATUS FOR SIGNALING PREDICTOR CANDIDATE LIST SIZE

INCORPORATION BY REFERENCE

{08011  This present disclosure clatms the benefit of priority to ULS. Patent Application
Ne. 16/844,339, “METHOD AND APPARATUS FOR SMIGNALING PREDICTOR
CANDIDATE LIST SIZE.” filed April 9, 2020, which claims the benefit of priority to US.
Provisional Application No. 62/846 375, "PREDICTOR CANDIDATE LIST SIZE
SIGNALING FOR INTRA PICTURE BLOCK COMPENSATION” filed on May 10, 2019 and
UK. Provisional Application No. 62/843,712, “MERGE LIST SIZE SIGNALING FOR INTRA
PICTURE BLOQCK COMPENSATION” filed on May 9, 2019, The entive disclosures of the

prior apphications are hereby incorporated by reference in their entirety.
TECHNICAL FIELD

{2} The present disclosure describes embodiments generally related to video coding,

{80037  The background description provided herein is for the purpose of generally
preseating the context of the disclosure. Work of the presently named inventors, 1o the extent the
work is described in this background section, as well as aspects of the description that may not
otherwise qualify as prior art at the fime of filing, are neither expresshy nor impliedly admitted as
prior art ggainst the present disclosure,

[0004]  Video coding and decoding can be performed using inter-picture prediction with
raction compensation. Uncompressed digital video can tnclude g series of pictures, pach picture
having a spatial dimension of, for example, 1920 x 1080 luminance samples and associated
chrominance samples. The series of pictures can have a fixed or variable picture rate (nformally
also Known as frame rate), of, for exavple 60 pictures per second or 60 Hz, Uncompressed
video has significant bitrate requirements. For example, 1080p60 4:2:0 video at & bit per sample
{1920x 1080 laminance sample resolution at 60 Hz frame rate} requires close o 1.3 Gbit's
bandwidth, An hour of such video requires more than 600 GBytes of storage space.

{0603]  One purpose of video coding and decoding can be the reduction of redundancy in
the input video signal, through compression. Compression can help reduce the aforementioned
bandwidth or storage space requirements, i some cases by two orders of magnitade or more.
Both lossless and lossy compression, as well as & combination thereof can be employed.

Lossless compression refers {o techmiques where an exact copy of the original signal can be
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reconstructed from the compressed original signal. When using lossy compression, the
reconsiructed signal may not be identical to the original signal, but the distortion between
original and reconstructed signals is small enough to make the reconstructed signal useful for the
intended application. 1o the case of video, lossy compression is widely emploved. The amount
of distortion tolerated depends on the application; for example, users of certain consumer
streaming applications may tolerate higher distortion than users of television distribution
applications. The compression ratio achievable can reflect that higher allowabledtolerable
distortion can vield higher compression ratios.

{00061  Motion compensation can be a lossy compression technigue and can relate to
techniques where a block of sample data from a previously reconstructed picture or part thereof
{reference pictur2), after being spatially shifted in a direction indicated by a motion vector (MY
henceforth), is used for the prediction of a newly reconstructed picture or picture part. In some
cases, the reference picture can be the same as the picture currently under reconstruction, MVs
can have two dimensions X and Y, or three dimensions, the third being an indication of the
reference picture in use {the {atter, indirectly, can be a time dimension).

{0007} o some video compression techniques, an MV applicable to 4 certain area of
sample data can be predicted from other MVy, for example from those related to another arep of
sample data spatially adjacent to the area ander reconstruction, and preceding that MV in
decoding order. Doing so can substantially reduce the amount of data required for coding the
MV, thereby removing redundancy and increasing compression. MV prediction can wark
effectively, for example, because when coding an mput video signal denved from a camera
{known as natural video) there is a statistical likehihood that areas larger than the ares 1o which a
stngle MV is applicable move in a similar direction and, therefore, can in some cases be
predicted using 8 similar mobtion vector derived from MVs of neighboring area. That results in
the MV found for a given ares to be similar or the same as the MV predicted from the
surrounding MV, and that in turn can be represented, after entropy coding, m a smaller number
of bits than what would be used i coding the MV divectdy. In some cases, MV prediction can be
an example of lossless compression of a signal (namely: the MV3s) derived from the original
signal (namely: the sample stream). In other cases, MV prediction itself can be lossy, for
example because of rounding errors when caleulating a predictor from several surrounding MVs.

{00881 Various MV prediction mechanisms are desenbed m H265HEVC (ITUST Rec,

H.263, "High Efficiency Video Coding”, December 2018} Out of the many MV prediction

)
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mechanisms that H.263 offers, described here 13 a technigue henceforth referred to as "spatial
merge”.

[0609]  Referring to FIG. 1, a current block (101) comprises samples that have been
found by the encixler during the motion search process to be predictable from a previous block of
the same size that has been spatially shified. Instead of coding that MV directly, the MV can be
derived from metadata associated with one or more reforence pictures, for example from the
most recent {in decoding order) reference picture, using the MV associated with either one of
five surrounding samples, denoted AQ, Al, and B0, B1, B2 (102 through 106, respectively). In
H.268, the MV prediction can use predictors from the same reference picture that the
neighboring block is using. The order of forming a candidate list may be AG 2 BO 2 Bl = Al
B2

SUMMARY

{0610  According to an cxemplary embodiment, & methaed of viden decoding includes
recetving a coded video bitstream including a current picture. The method further includes
determining whether a current block included 1n the current picture is coded 1n intra block copy
{IBC) mode. The method further mcludes, w respouase to the current block bemng coded i the
IBC mode, determining & numuber of 1BC predictor candidates associated with the current block.
The method forther includes constrocting an IBC predictor candidate list having a size
corresponding to the number of IBC predictor candidates. The method further inchudes selecting
a block vector predictor from the IBC predictor candidase list. The method Hurther includes
decoding a block vector associated with the current block using the block vector predictor. The
methed further includes decoding the current black in accordance with the bloack vectar.

{0611}  According to an exemplary embodiment, a video decoder for performing video
decoding includes processing circuitry configured o receive a coded video bitstream including a
cgrent pictre, The processing circustry is further configured to determing whether g current
block mncluded m the current pacture 13 coded m intra block copy (IBCYmode, in response to the
current block being coded in the IBC mode, The processing cucuitry is further configured to
determine & number of IBC predicior candidates assoctated with the current block. The
provessing circutry is further configured to construct an IBC predictor candidate st having a
stze corresponding to the namber of 1BC predictor candidates. The processing circuitry is
frther configured to select a block vector predictor from the 1BC predictor candidase Hst. The

processing circuitry is further configured to decode & block vector associated with the curremt
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block using the block vector predictor. The provessing circuitry is further configured to decode
the current block in accordance with the block vector.

{0012]  According to an exemplary embodiment, 8 pon-transtory conmputer readabile
medivm having nstrgetions stored therein, which when execnted by a processor in a video
decoder causes the proceasor to execute a method that includes receiving a coded video bitstream
meluding a currens picture. The method further includes detesmaining whether a current block
inclnded i the current picture is coded in intra block copy (IBC) mode. The method further
includes, in response to the current block being coded in the IBC mode, determining a pumber of
IBC predictor candidates associated with the current block. The method further includes
constructing an IBC predictor candidate list having # size corresponding to the number of 1BC
predictor candidates. The methoed further includes selecting a block vector predictor from the
IBC predictor candidate list. The method further includes decodmg a block vector associated
with the current block using the block vector predictor. The methed further includes decoding

the current block m accordance with the hlock vecitor.

BRIEF DESCRIPTION OF THE DRAWINGS

{0613]  Further features, the nature, and various advantages of the disclosed subject

matter will be more apparent from the following detatled description and the secompanying
drawings in which:

j0014]  FiG. 1 15 a schematic ilustration of & current block and s suwrrounding spatial
merge candidates in one example.

{00815 FIG. 213 a schematic Hlustration of a simplified bloack disgram of 2
communication system {200) 1 accordance with an embodiment,

{0816]  FIG. 3 is a schematic lustration of a simplified block diagram of a
cormmuanication system (300) in accordance with an embodiment.

{0017} FIG. 413 a schematic illustration of a simplified block diagram of & decoder
accordance with an embodiment.

[0018]  FIG. 3 is a schematic tlustration of a simplified block disgram of an encoder in
accordance with an embodiment.

{0019} FIG. 6 shows a block diagram of an encoder in accordance with another

sathodiment,
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[0020]  FIG 7 shows a block diagram of a decoder in accordance with another
embodiment.

{0621} FIG. 8 is a schematic illustration of intra picture block compensation in
accordance with an embodiment,

[8022]  FIGs. 9A-912 i3 a schematic llustration of intra picture block compensation with
ong coding tree unit {UTU) size search range in sccordance with an embodiment.

[0023]  FIGS. 10A-19D 15 a schematic illustration of how a buffer is updated in
accordance with embodiments.

10024]  FIG. 11A is an ithestration of & decoding flow chart for a history-based MV
prediction {HMVE) buffer.

{0025]  FiG. 118 s a schematic iHustration of updating a HMVP buffer,

[06826]  FIG, 12 15 an dlustration of an example decoding process in accordance with an
pmbodiment.

{00277 FIG. 13 isa schematic Hustration of & computer svstem in accordance with an
embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

{0028]  FIG. 2 illustrates a simplified block diagram of a communication system {200}

gecording to an embodiment of the present disclosure. The conununication system (200)
mckudes a plurality of terminal devices that can conununicate with each other, via, for example, a
network (250} For example, the comnwunication system (200} mcludes a first pair of serminal
devices {210} and {220} wterconnected via the network (250). In the FIG. 2 example, the fivst
pair of termimal devices (210} and (220} performs unidirectional sransmission of data. For
example, the terminal device (210) mayv code video data {e.g., a stream of video pictures that are
captured by the terminal device {210)) for transmission to the other terminal device (220} via the
network (250), The encoded video data can be transnutted in the form of one or more coded
video hitstreanss. The termmal device (220 may receive the coded video data from the network
{250}, decode the coded video data to vecover the video pictures and display video pictures
according to the recovered video data. Unidivectional data transmission may be common in
media serving applications and the like.

{0629} v another example, the communication svstem {200) mcludes a second pair of
terpunal devices (230) and (240) that performs bidivectional transnussion of coded viden data

that may vceur, for example, during videoconterencing, For bidirectional transmission of data,
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i an example, each terminal device of the terminal devices (230} and {244} may code video data
{e.g., a stream of video pictures that are captured by the terminal device) for transmission to the
other terminal device of the terminal devices (2301 and (240) via the network {230} Each
ternunal device of the terminal devices {230) and {240} also may recetve the coded video data
transmiited by the other termunal device of the terminal devices {230} and (240), and may decode
the coded video data to recover the video pictures and may display video pictures at an
accessible display device according to the recovered video data,

[0630]  Inthe FIG. 2 example, the terminal devices (210}, (220, {230} and (240} may be
illustrated as servers, personal computers and smart phones but the principles of the present
disclosure may bg not so linited. Embodiments of the present disclosure find application with
laptop computess, tablet computers, media playvers and/or dedicated video conferencing
equipment. The network (2507 represents any number of networks that convey coded video data
among the tenminal devices (210}, (220) (230) and (240}, tncluding for example wireling {wired)
andior wireless conumunication networks. The communication network (250) may exchange
data in circuit-switched andfor packet-switched channels. Representative networks include
welecommuuucations networks, local ares networks, wide area nebworks and/or the Internet. For
the purposes of the present discussion, the architecture and topology of the network (250} may be
immaterial to the operation of the present disclosure pnless explained herein below.

{0831]  FIG. 3 illustrates, as an example for an application for the disclosed subject
matier, the placement of 8 video encoder and & video decoder in 2 streaming envirenment. The
disclosed subject matter can be equally applicable o other video enabled applications, including,
for example, video conferencing, digital TV, staring of compressed viden oa digital media
mcluding CD, DVD, memory stick and the like, and so on.

{00321 A streaming svstenm may melude 8 capture subsystem (313}, that can include a
video source {301}, for example a digytal camera, creating for example a stream of video piciures
{302} that ave uncompressed. In an example, the stream of video pictures (302} includes samples
that are taken by the digital camnera. The stream of video pictures (302), depicied a5 a bold hine
to emphasize a high data volume when compared to encoded video data {304 {or coded video
bitstreams), can be processed by an electranic device {320) that includes a video encoder (303}
coupled to the video source {301). The video encoder (303} can inchude havdware, software, ora
combination thereof to enable or mplement aspects of the disclosed sulyect matter as desoribed

in more detail below. The encoded video data (304) (or encoded video bitstream {304)),
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depicted as a thin line to emphasize the lower data volume when compared to the stream of video
pictares {302), can be stored on g streaming server (305) for future use. Qne or more stregming
client subsystems, such as client subsystems {306} and (308) in FIG. 3 can access the streaming
server (305} to retrieve copies (307} and (309) of the encoded video data (304). A cliext
subsystem (306) can inchude a video decoder {310}, for example, i1 an electronic device (33},
The video decoder (310} decodes the mcoming copy (307} of the encoded video data and creates
an outgoing strewm of video pictures {311) that can be rendered on a display (312) (e g, display
screen} or other rendering device (not depicted), In some streaming systems, the encoded video
data {304), (307), and (30%) {e.g., video bitstreams) can be encoded according to certain video
coding/compression standards. Examples of those standards include TTUST Recommendation
H.263. In an example, 3 video coding standard under development is informally known ag
Versatile Video Codmg (VVC) The disclosed subject matter nay be used in the context of
VVC.

{00337 It iv noted that the electronie devices {320} and {330) can include other
components (tiot shown). For example, the electronic device (320) can include a video decoder
{not shown) and the electronic devive {3303 can include a video encoder (not shown) as well,

{0834]  FIG. 4 shows a block diagram of a video decoder (410} according toan
embodiment of the present disclosure. The video decoder (410) can be included in an electronic
device {(430). The glectronic device (430) can inclads a receiver (431) {e.g., receiving clreuitry).
The video decoder {(410) can be used i the place of the video decoder {310y in the FIG. 3
example.

{8635]  The recetver {431} may receive one or more coded video sequences o be decodad
by the video decoder (410); 10 the same or another embodiment, one coded video sequence at a
time, where the decoding of each coded video sequence is independent from other coded video
sequences. The coded video sequence may be receaved from a chapnel (401), whichmay be g
hardware/software Hink to a storage device which stores the encoded video data. The receiver
{431} may recetve the encoded video datg with other datg, for example, coded andio data andfor
anciflary data siveams, that nay be forwarded to their respective using entities (not depicted}.
The receiver {(431) may separate the coded video sequence from the other data. To combat
network jitter, a buffer memory (415} may be coupled in between the receiver {(431) and an
eatropy decoder £ passer (420) ("parser {(420)" henceforth). 1o certain applications, the buffer

mentory (415) 1s part of the video decoder (410}, In others, itcan be cutside of the video
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decoder (410) {not depicted). In still others, there can be a buffer memory (not depicted) cutside
of the video decoder (410}, for example to combat network jitter, and in addition another buffer
memaory (413} mside the video decoder (410}, for example to handle playout tinung. When the
reseiver {(431) is receiving data from g storeforward device of sufficient bandwidih and
controliabiltity, or from an isosvachronous nefwork, the buffer memory (413} may not be needed,
or can be small. For use on best effont packet nerworks such as the Imternet, the buffer menory
{415} may be required, can be compargtively large and can be advantageousty of adaptive size,
and may at least partially be implemented in an operating system or similar elements (not
depicted) outside of the video decoder (4101

{0036]  The video decoder (410) may Include the parser (4207 to veconstruct symbols
{421} from the coded video sequence. Caregories of those symbols include information used to
manage operation of the video decoder (410), and potentially information to control a rendering
device such as a render device (412} (e, & display screen) that is not an integral part of the
electronic device (430} but can be coupled to the electronic device (430), as was shown in FIG.
4. The control nformation for the rendermg device(s) may be in the form of Supplemental
Enhancement lnformation (SEI messages) or Video Usability Information (VUL parameter set
fragments {not depicted). The parser (420} may parse / entropy-decode the coded video
sequence that is received. The coding of the coded video sequence can be in accordance with 4
video coding technology or standard, and can follow various principles, including variable length
coding, Huffiman coding, arithmetic coding with or without context sensiivity, and so forth. The
parser {420} may extract from the coded video sequence, a sef of subgroup parameters for at least
one of the subgroups of pixels in the video decoder, based upon at least one parameter
corresponding to the group.  Subgroups can include Groups of Pictures {GOPs), pictures, tiles,
shices, macroblocks, Coding Units {CUs), blocks, Transform Units {TUR), Prediction Units (PLS)
and so forth. The parser (420} may also extract from the coded video sequence information such
as wansform coefficients, quantizer parameter values, motion vectors, and so forth.

10637]  The parser (420} may perfonn anenivopy decoding / parsing operation on the
video sequence received from the buffer memory (415}, 30 as to create symbols (421).

jB038]  Reconstruction of the symbols {421) can involve multiple different vnits
depending on the type of the coded video picture or parts thereof {such as: inter and intra picture,
inter and mtra block), and other factors. Which units are involved, and how, can be controlled

by the subgroup control information thal was parsed from the coded video sequence by the
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parser (420}, The flow of such subgroup contrel information between the parser (424 and the
multiple nnits below is not depicted for clarity.

{0639 Beyond the functional blocks already mentioned, the video decoder {410} can be
conceptually subdivided mto @ mumber of functional units as described below. In a practical
implementation operating under commercial constraings, many of these units interact closely
with each other and can, at least pardy, be integrated imto each other. However, for the purpose
of describing the disclosed subject matter, the conceptual subdivision into the functiona] pnits
below is approptiate.

{0040] A first wuit is the scaler / mverse transform unit (451}, The sealer /fnverse
transform unit (331} receives a quantized transform cosfficient as well as control informarion,
mchuding which transform to use, block size, quantization factor, guantization scaling matrices,
ate, as symbol{s) (421} from the parser (420, The scaler / mverse transform unit (431} can
putput blocks comprising sample values, that can be input into aggrogator (455

{0041}  Insome cases, the output smnples of the scaler / inverse transform (4531) can
pertain to an mtra coded block; that 1s; a block that is not using predictive information from
previcusly reconstructed pictores, bul can use predictive mformation from previcusty
reconstructed parts of the cwrrent picture. Such predictive information can be provided by an
intra picture prediction unit (452). In some cases, the intra picture prediction unit (452}
generates a block of the same size and shape of the block under reconstruction, using
surrounding already reconstructed mformation fetched from the current picture buffer (458},
The current pichure bufler (438) boffers, for example, partly reconstructed current picture andfor
fully reconstructed current picture. The ageregasor (455), in some cases, adds, on a per sample
basts, the prediction information the nira prediction wut {452} has generated to the output
sample information as provided by the scaler / inverse transforor unit (4531},

[0042]  Inother cases, the output samples of the scaler/ inverse transform unit (451 can
pertain to an inter coded, and potentially motion compensated blogk. Tn such a case, a motion
compensation prediction it (453) can gecess reference picture memory (457) to felch samples
used for prediction.  After motion compensating the fetched samples m accordance with the
symbols (421) pertaiming to the block, these samples can be added by the aggregator (455) to the
output of the scaler / tnverse transform pnit (4511 (in this case called the residual samples or
residual signal) so as to generate putput sanple information. The addresses within the reference

picture memory (457} from where the motion compensation prediction unit {453} feiches
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prediction samples can be controlled by motion vectors, available to the motion compensation
picture components. Motion compensation also can include interpolation of sample values as
tetched from the reference picture memory (457} when sub-sample exact motion vectors are in
use, motion vector prediction mechanisms, and so forth.

j0043]  The output samples of the aggregator (435} can be subject to vartous loop filtering
technigues in the loop filer noit (436}, Video compression technologies can include in-loop
filter technologies that are conwrolled by parameters included in the coded video sequence {also
referred to g3 coded video bitstream) and made available to the loop filter wiit (456} as symbols
{421} from the parser (420}, but can also be responsive o meta-information obtained during the
decoding of previcus (in decoding order) parts of the coded picture or coded video sequence, as
well as responsive to previowsly reconstructed and loop-filtered sample values.

{0044]  The output of the loop filter unit (436) can be & sample stream that can be output
to the render device {412} as well as stored in the reference picture memory (457} for use in
future inter-picture prediction.

[0845] Centain coded pictures, once fully reconstructed, can be used as reference pictures
for futre prediction. For example, once a coded picture corvesponding o & current picture is
fully reconstructed and the coded picture has been tdentified as a reference pictire (by, for
example, the parser (420)), the current picture buffer (438} can become a part of the reference
pictare memory (437}, and a fresh current picture butffer can be reallocated before commencing
the reconstruction of the following coded picture.

{0846  The videa decoder (410} pray perform decoding operations sccording 10 2
predetermined video compression technology in a standard, such as I'TU-T Rec, HL.268. The
coded video sequence niay conform to a syntax specified by the video compression techaology
ar standard being used, in the sense that the coded video sequence adheres to both the symtax of
the video compression technology or standard and the profiles as documented in the video
compression technology or standard. Specifically, a profile can select certain tools as the only
tools avaitable for use under that profile from all the tools available in the video compression
technplopy or standard. Also pecessary for comphance can be that the complexity of the coded
video sequence is within bounds as defined by the level of the video compression technology or
standard. In some cases, levels restrict the maximwm picture size, myamum frame rate,

masitum reconstraction sample rate (measured in, for example megasamples per second),

10
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maximum reference picture size, and so on. Limits set by levels can, in some cases, be further
restricted through Hypothetical Reference Decoder {(HRD) specifications and metadata for HRD
buffer management signaled in the coded video sequence,

[0647]  Inan embodiment, the receiver (43 1) may receive additional {redundant) data
with the encoded video, The additional data may be included as part of the coded video
sequencefs). The additional data may be used by the video decoder (410} to properly decode the
data andfor to more sccurately reconstruct the original video data. Additional data can be in the
form of, for example, temporal, spatial, or signal noise ratio (SNR) enhancement lavers,
redundant slices, redundant pictures, forward ervor correction codes, and so on.

{0048  FIG. 3 shows a block diagram of @ video encoder {303) according to an
embodiment of the present disclosure. The video encoder {5303} 15 included in an electronic
devive (320). The electronic device {320} includes a transmitter (540) (e.g,, fransmitting
circuttry}.  The video encoder {503} can be used in the place of the video encoder (303} in the
FIG. 3 example.

[0049]  The video encoder (503) may receive viden samples from a video source {301}
{that ¥s not part of the electronic device (520) in the FIG. & example) that may capture video
image(s} 1o be coded by the video encoder {303}, 1n another example, the video source {(301}isa
part of the electronic device {5203,

[0050]  The video source {301} may provide the source video sequence to be coded by the
video encoder (503} in the form of a digital video sample streant that can be of any sustable bit
depth {for example: Bhit, 10 bit, 12Bdt, ), any colorspace (for example, BT 601 Y (B,
RGH, ), and any suitable sampling structure {(for example Y CrCh 4:2:0, Y GiCh 4:4:4). Tna
media serving system, the video source (301} may be a storage device storing previously
prepared video.  In a videoconferencing systen, the video source {501} mayv be a camera that
captures local iimage information asa video sequence. Video data mny be provided as 8 plurality
of individual pictures that impart motion when viewed i sequence. The pictures themselves
may be organized as g spatial array of pixels, wherein each pixel can comprise one or more
samples depending on the sampling structure, color space, ele. in use. A person skilled in the art
can readily understand the relationshup between pixels and samples. The desoription below
focuses on samples,

{0651]  According to an embodiment, the video encoder (503) may code and compress

the pictures of the source video sequence Into a coded video sequence (343) in regl thme or under
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any other Ume constraints as required by the application. Enforcing appropriate coding speed i3
one Ranction of a controlier {550), In some embodiments, the controlfer (350} controls other
functional units as described below and is fanctionally coupled o the other functional units. The
coupling 18 not depicted for clarity. Parameters set by the comtroller (530} can include rate
control refated parameters {picture skip, quantizer, lambda value of rate~distortion optinsization
techniques, ..}, picture size, group of pictures (GO} lavous, maximum motion vertor search
range, and so forth. The controller (330} can be configured to have other suitable functions that
pertan to the video gncoder (503 ) optimized for a certain system design.

{0652  Insome embodiments, the video sncoder {(303) 15 configured to operate it a
coding loop.  As an oversimplified description, in an example, the coding loop can include a
source coder {330} {2.g., responsible for creating symbols, such as a symbol stream, based on an
input pictire fo be coded, and a reference pictore{s)), and a (local) decoder (333} embedded in
the video encoder {303}, The decoder {333) rocanstrucss the syinbols o create the sample data i
a stifar manner as a remote) decoder also would create (as any compression between symbaols
and coded video bitstream is lossless in the video compression techaologies considered in the
disclosed subject matter). The reconstrucied sample stream (sample data} 1s wput 1o the
reference picture memory (534}, As the decoding of a symbol stream leads to bit-exact resulis
wngdependent of decoder focation (local or rernote), the content in the reference picture memory
{534} is also bit exact betwesn the local encoder and remwote encoder. In other words, the
prediction part of an encoder "sees” as reference picture samples exactly the same sample valugs
as a decoder would "see™ when using prediction during decoding. This findwmental principle of
reference picture synchronicity (and resulting drift, if synchronicity cannot be maintained, for
example because of channel errors} is used i some related arts as well,

{00531  The operation of the "local” decoder {533} can be the samme as of a "remote”
decoder, sach as the video decoder {410}, which has already been described in detail above in
conjunction with FIG. 4. Brefly referring also 1o FIG. 4, however, as symbols are available and
encoding/decoding of symbols to g coded video sequence by an entropy coder {343) gnd the
parser (420) can be lossless, the entropy decoding parts of the video decoder (410}, including the
buffer memory (413}, and parser {(420) may not be fully implemented in the local decoder (533}

[0654]  An observation that can be made at this point 15 that any decoder technology
except the parsingfentropy decoding that is present v a decoder also necessarily needs tobe

present, in substantially identical fonctional form, i a corvesponding encoder. For this reason,
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the disclosed subject matter focuses on decoder operation. The descuiption of encoder
technologies can he abbreviated as they are the inverse of the comprehensively deseribed
decoder techoologies. Only in certain areas a more detail deseription is required and provided
below.

{8055]  During operation, 1 some examples, the sowce coder (530} may perform motion
compensated predictive coding, which codes an input picture predictively with reference to one
or more previousty-coded picture from the video sequence that were designated as "refevence
pictures”. In this manner, the coding engine {532) codes differences between pixel blocks of an
input pictore and pixel blocks of reference pictore(s) that may be selected as prediction
reference(s} to the nput picture.

[0056]  The lpcal video decoder (333) may decode coded video data of pictures that may
be designated as reference pictures, based on symbols created by the source coder (330},
Operations of the coding engine {332) may adbvantageously be Iossy processes. When the coded
video data may be decoded at a video decoder {not shown in Fi{z. 3 ), the reconstructed video
sequence typically may be a replica of the source video sequence with some ervors. The local
video decoder (533} replicates decodimg processes that may be performed by the video decoder
on reference pictures and may cause reconstrucied reference pictures to be stored m the reference
picture cache (534). In this manner, the video encoder (503 may store copies of reconstructed
reference picturas locally that have comimon content as the reconstructed reference pictures that
will be obtaingd by a far-end video decoder {sbsent transnussion exrors).

{60571 The predictor {538} puay perform prediction searches for the coding engine {332},
That is, for a new picture o be tnded, the predictor (533} may search the reference picture
memory (534) for sample data {as candidate reference pixel blocks}) or certain metadata such as
reference picture motion vectors, block shapes, and so on, that may serve as an approgriate
prediction reference for the new pictures, The predictor (3351 may operate on a sample block-
by-pixe] block basis to find appropriate prediction references. In some cases, as determined by
search resolts obtained by the predictor (333), an input picture may have prediction references
drawn from multiple reference pictures stored in the reference pictire memory {334}

[B058]  The controller (350) may manage coding operations of the source coder (330),
including, for example, setting of parameters and subgroup parameters used {or encoding the

video data.
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{0059]  Output of all aforernentioned functional units may be subjected to entropy coding
in the entropy coder (545). The entropy coder {345) translates the symbols as generated by the
various finctional units into a coded video sequence, by lossless compressing the symbeols
according to technologies such as Hutfinan coding, variable length coding, srithmetic coding,
and so forth.

{0860]  The ransmitter (5340) may buffer the coded video sequence(s) as crested by the
entropy coder (545) to prepare for transmission via & conmunication channel (560}, which may
be a hardware/software Hink to a storage device which would store the encoded video data. The
transmitter (540) may merge coded video data from the video coder (303) with other dats to be
transmitted, for example, coded andio data andior ancillary data streams (sources not shown).

0061}  The controller (550) may manage operation of the video encoder (503}, During
coding, the controller (550} may assign to each coded picture a certain coded pictare type, which
mavatfect the coding technigues that may be applied to the respective picture. For example,
pictures often may be assigned as one of the following picture fvpes:

{00621  An Intra Picture {1 picture} may be one that may be coded and decoded without
using auy other pictare 1w the sequence as a sowrce of prediction. Some video codecs allow for
different tvpes of mira pictures, inchuding, for example Independent Decoder Refresh ("IDR™)
Pictures. A person skifled w the ant (s aware of those vanants of I pictiwes and their respective
applications and features.

j0063] A predictive picture {P picture} may be one that may be coded and deceded using
ftra prediction or inter prediction using at most one motion vector and reference ndex to predict
the sample values of each block.

{0684] A bi-divectionally predictive picture (B Picture} may be one that may be coded
and decoded using inira prediction or inter prediction using at most two motion vectors and
reference indices to predict the sample values of each block. Similarly, multiple-predictive
pictures can use more than two reference pictures and associated metadata for the reconstruction
of a single block.

[0063]  Sowvce pictares commonly may be subdivided spatially into a plurality of sample
blocks {for example, blocks of 4x4, 8x8, 4x8, or 16x16 samples each} and coded on a block-by-
block basis. Blocks may be coded predictively with reference to other (already coded) blockys az
determined by the coding assignment applied 1o the blocks respeotive pictures. For example,

blocks of { pictures may be coded non-predictively or they may be coded predictively with
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reference o already coded blocks of the same picture (spatial prediction or intra prediction),
Pixel blocks of P pictures may be coded predictively, via spatial prediction or vig temporal
prediction with reference to one previously coded reference picture. Blocks of B pictures may be
coded predictively, via spatial prediction er via temaporal prediction with reference to one or two
previously coded reference piciures.

0866  The video encoder (503) mayv perform coding operations according toa
the video encoder (303) may perform various compression operations, including predictive
coding opergtions that exploit tempors! and spatial redwrdancies in the input video sequence,
The voded viden data, therefore, may conform to a syntax specified by the video coding
technology or standard being used.

{H67] 1o an embodiment, the transmitter (340) may transmit additional data with the
gncaded video. The sowre coder {5303 may include such data a5 part of the coded video
sequence.  Addittonal data may comprise temporal/spatial/SNR snhancement layers, other forms
of redundant data such as redundant pictures and shices, SEI messages, VU parameter sef
fragments, and so on.

{0068] A video may be captured as a pluvality of source pictures {video picturgs) ina
teraporal sequence. Intra-picture prediction (often abbreviated to intra prediction) makes use of
spatial correlation in a given picture, and inter-picture prediction makes uses of the (femporal or
ather) correlation between the pictures. In an example, a specific picture under
encoding/decoding, which i3 referred to as 8 current picture, is pastitioned into blocks., When a
block i the current picture is similar to a reference block in a provicusly coded and still buftered
reference picture in the video, the block m the current picture can be coded by a vector that is
referred to as a motion vector. The motion vector points 10 the reference block in the reference
pictare, and can have a third dimension identifving the reference picture, i case multiple
reference pictures are i use.

{0869]  In some embodiments, g b-prediction iechnique can be used n the inter-picture
prediction.  According to the bi~prediction technigue, two reference pictures, such as a first
reference picture and a second reference picture that sre both prior in decoding order 10 the
cwrrent pictire i the video {(but oy be in the past and future, vespectively, in display order) age
used. A block in the current picture can be coded by a first motion vector that poinss to a first

reference block in the first reference picture, gnd a second motion vector that points to a second
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reference block in the second reference picture. The block can be predicted by a combmation of
the first reference block and the second reference block,

{0670]  Further, a merge mode technique can be vsed in the inter-picture prediction to
improve coding efficiency.

{0871} According to some embodiments of the discloswre, predictions, such as mter-
picture predictions and intra-picture predictions are performed in the unit of blocks, For
example, sccording to the HEVC standard, & picture in a sequence of video pictures is
partitioned o coding tree wnits {CTU} for compression, the CTUs in a picture have the same
size, such g5 64x64 pixels, 32x32 pizels, or 16x16 pixels, In general, a CTU includes three
coding tree blocks (CTHS), which are one luma CTB and two chwoma CTBs. Each CTU can be
recursively quadiree split into one or nwltiple coding vaits {CUs). For example, a CTU of 64x64
pixels can be sphit into one CU of 84x64 pixels, or 4 CUs of 32x32 pixels, or 16 Clis of 16516
pixels. Inan example, cach CU i3 anslyzed to detornuine & prediction type for the CU, such as an
inter prediction type ot an intra prediction type. The CL is split into one or more prediction umts
{PUs} depending on the temporal andfor spatial predictability. Generally, each PU includes a
hama prediction block {(PB), and two chroma PBs. In an embodiment, g prediction operation 1w
coding {(encoding/decoding) ts performed in the unit of a prediction block. Using a luma
prediction block as an example of 8 prediction block, the prediction block inchides a matrix of
values {e.g., loma values} for pixels, such as 8xB pixels, 16316 pixels, Bx10 pixels, 16x8 pixels,
aud the like.

[6872]  FIG, 6 shows a diagram of a video encoder (603} according to another
smbodiment of the disclosure. The viden encoder (603) 15 configured to receive a processing
block {e.g., a prediction block) of sample values within a current video picture in a sequence of
video pictures, and encode the processing block mito a coded picture that is part of a coded video
sequence. In gn example, the video encoder {603 is used in the place of the video encoder (303}
in the FIG. 3 example.

{00731 Inan HBEVC example, the video encoder (603} veceives a matrix of sample values
for a processing block, such as a prediction block of 8x& samples, and the bke. The video
encoder {603) determines whether the processing block s best coded using wtra mode, mter
mode, or bi-pradiction mode using, for example, rate-distortion optimization, When the
processing block is to be coded in infra mode, the video encoder (603) may use an intrg

prediction techingue to encode the processing block mto the coded picture; and when the
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processing block is to be coded in tinter mode or bi-prediction mode, the video encodey (603}
may use gn inter prediciion or bi-prediction technique, respectively, o encode the processing
block o the coded picture. In certain video coding technologies, merge mode can be an inter
picture prediction submode where the motion vector 1s derived from one or more motion vector
predictors without the benetit of 2 coded motion vector component ouiside the predictors. Tn
certain other video coding technologies, a motion vector component applicable to the subject
block may be present. In an example, the video encoder (603) includes other components, such
as a mode decision module {not shown} to deternmine the mode of the processing blocks.

{0074]  Inthe FIG. 6 example, the video encoder {603) includes the inter encoder {(630),
an intra encoder (822, a residue calcudator (6233, 3 switch {626), 8 residue encoder (624), a
general controlier (6211, and an eatropy encoder (6353 coupled together as shown in FIG. 6

{75]  The inter encoder {630} i3 configured to receive the samples of the current block
{e.g.. a processng block), compare the block to one or more reference blacks w eforence
pictures {e.g  blocks in previous pictuves and later pictures), generate inter prediction
information {e.g., description of redundant mformation accovding o tnter encoding technigue,
motion vectors, merge mode formation), and calonlate inter prediction resulis {(e.g., predicted
block} based on the inter prediction information using any suitable technique. In some examples,
the reference pictures are decoded reference pictures that are decoded based on the encoded
video information,

j0076]  The intra encoder {622) is configured to receive the samples of the current block
{e.g., a procesaing block), in somwe cases compare the block to blocks already coded i the same
picture, generate quantized coefficients after ransform, and in some cases also intra prediction
mformation {e.g., an intra prediction divection information according 10 one or move mtra
encoding techniques). In an example, the inwra encoder (622} also caleulases ntra prediction
results {e.g., predicted block) based on the intra prediction information and reference blocks in
the same picture.

{0077)  The general controller (621} 1s configured to determine general control data and
contrel other components of the video encoder (6031 based on the general control data. Tnan
example, the general controller {621) determines the mode of the block, and provides a control
signal fo the switch (626} based on the mode. For example, when the mode is the intra mode, the
peneral controller {621) controls the switch (626) to select the ntra mode result for use by the

residue calenlator (623}, and controls the entrapy encoder (625) to sefect the intra prediction
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mformation and include the intra prediction information in the bitstream; and when the mode is
the inter mode, the general controller (621} controls the switch (626} 1o select the inser prediction
result for use by the residue calculator (623), and controls the entropy encoder (625) 1o select the
inter prediction information and include the inter prediction information in the bitstream.

[B078]  The residue calcwdator (823) i configured to caloulate a difference (residue data}
between the received block and prediction resulis selected from the intra encoder {622} or the
inter encoder {630). The residue encoder (624} s configured 1o operate based on the residue data
1o encode the residue data to generate the transtorm coefficients. In an example, the vesidue
encader (624) 1s configured to convert the residue data from a spatial domain to a frequency
domain, and generate the wansform coefficients. The transtorm coefficients are then subject to
quantization processing to obtam quantized transform coefficients.  In various embodiments, the
video encoder (603} also meludes a residoe decoder (628). The residue decoder (628} is
contigured to perform verse-transtonm, and generate the decoded residue data. The decoded
residie data can be suttably used by the intra encoder {622} and the inter encoder {630). For
example, the inter encoder (630} can generate decoded blocks based on the decoded residue data
and inter prediction information, and the wtra encoder {622) can generate decoded blocks based
on the decoded residue data and the intra prediction information.  The decoded tocks are
suitahly processed to generate decoded pictures and the decoded pictures can be buffered in g
memory circuit {not shown) and used as reference pictures in some examples.

0079 The entropy encoder (625} i3 confignred to format the bitstream to include the
encoded block. The entropy encoder (825} is configured to include various information
according © a suttable standard, such as the HEVC wandard. 1o an example, the entropy
encoder (625} is configured to include the general control data, the selected prediction
mformation {e.g., intra prediction inforoation or inter prediction mformation), the residue
mformation, and other suitable information in the bitstream. Note that, according to the
disclosed subject matter, when coding a block in the merge submode of ejther inter mode or bu-

{0680  FIG. 7 shows a diagram of a video decoder {710) according to another
embodiment of the disclosure. The video decoder {710) i configured to receive coded pictures
that are part of a coded video sequence, and decode the coded pictures {0 generate reconstructed
pictures. In an example, the video decoder (7107 15 used in the place of the video decoder (310

in the FIGL 3 example.
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[0081]  Inthe FIG. 7 example, the video decoder (710) includes an enropy deceder (771,
an inter decoder (780), a residue decoder (773), a reconstiuction module {774), and an intra
decoder {772) coupled together as shown in FIG. 7

{0682]  The eniropy decoder (771) can be configured to reconstroct, from the coded
picture, certain symbols that represent the syntax elements of which the coded picture is made
up. Such symbels can include, for example, the mode in which a block is coded (such as, for
example, intra mode, inter mode, bi-predicted mode, the {atter two In merge submode or another
submede), prediction information {(such as, for examgple, intra prediction information or inter
prediction information) that can identify centain sample or metadata thet is used for prediction by
the intra decoder (772) or the inter decoder {7807, respectively, residual information in the form
of, for example, quantized transtorm coefficients, and the like. In an example, when the
prediction mode is inter or bi-predicted mode, the inter prediction information is provided to the
tater devoder (780} and when the prediction typs is the intrs prediction type, the intra prediction
information is provided to the intra decoder (772}, The residual information can be subject 1o
inverse quantization and is provided to the residue decoder (773).

[0883]  The inter decoder (780} is configured to receive the inter prediction information,
and generate mter prediction results based on the inter prediction information.

{0084]  The intra decoder (772} is confignred 1o receive the intra prediction information,
and generate prediction results based on the intra prediction mnformation,

{0085} The residue decoder (773} 15 configured Yo perform inverse quantization 1o extract
de-quantized transform coefficients, and process the de-guantized transform coefficients to
convert the residual from the frequency demain to the spatial domain. The residue decoder (773)
may alsu require certam control mformation {to include the Quantizer Parameter {((QP)), and that
mformation may be provided by the entropy decoder (771) {data path not depicted as this may be
low volume control information only).

[0086]  The reconstruction mndule (774} 15 configured to combine, in the spatial domain,
the residual as output by the residue decoder {773) and the prediction resalis (as output by the
wter or intra prediction modales as the case may be) to form a reconstructed block, that may be
part of the reconstructed picture, which in turs may be part of the reconstructed video, Itis poted
that other suitable operations, such as a deblocking operation and the tike, can be performed to

mprove the visual quality,
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0087 It is noted that the video encoders (303}, {503}, and (603), and the video
decoders (310}, (410), and (710} can be implemented using any suitable technique. Inan
embodiment, the video eacoders (303}, (503}, and {603), and the video decoders {3103, (416},
andd {710} can be implemented using one or more mtegrated cireuits. In another embodinent, the
video encoders (303, (303), and {303}, and the video decoders (318, (410), and {710} can be

mplemented using one or more processors that execnie software insttuctions.

{0688]  Block based compensation from a different picture may be referred {0 as motion
compensation. Block compensation tnay alse be done from a previously reconstructed area
within the same pictire, which may be referred o as intra picture block compensation, ntra
indicates an offset between a current block and the reference block 13 referved to as a block
vector. According to some embodiments, a block vector points 10 a reference block that is
already reconstructed and available for veference. Also, for parallel processing consideration, a
reference area that is beyond a tile/slice boundary or waveftont ladder-shaped boundary may also
be excluded from being referenced by the block vector. Due to these constraings, # block vector
may be different from a motion vector in motion compensation, wheve the motion vector can be
at any value {positive or negative, at either x or v direction).

{0089]  The coding of a block vector may be either explicit or implicit. In an explicit
mode, which 1s sometimes referred to as (Advanced Motion Vector Prediction) AMYP mode i
inter coding, the difference between a block vector and its predictor is signaled. In the fmplicit
mode, the block vector is recovered from the block vector’s predictor, m a similar way as s
motion vector in merge mode. The resolution of a block vector, In some smbodiments, is
restricted fo integer positions. In othey embodiments, the resclution of a block vector mav be
atlowed 1o point to fractional positions,

[0090]  The use of mtra block copy at the block level may be signaled using a block fevel
flag, referred 1o a8 an IBC flag. In one embodiment, the IBC flag 15 signaled when a cuprent
block 18 not coded in merge mode. The IBC flag may also be signaled by a reference mdex
approach, which is performed by treating the current decoded pioture as & reference picture, In
HEVC Sereen Content Coding {(SCO), such a reference picture is put in the last position of the

list. This sprcial reference picture may also be ruanaged together with other temporal reference

pictures i the DPB. IBC may also include variations such as flipped IBC {e.g., the reference
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bloek is flipped horizontally or vertically before used to predict current block), or line based
{IBC) (e.g., each compensation wiit inside an MxaN coding block s an Mx1 or IxN line).

{0691]  FIG. 8 illustrates an embodiment of tntra picture blogk compensation (e g, intra
block copy mode}. In FIG. 8, a current picture 800 mchudes @ set of block regions that have
already been coded/decoded (1.e., gray colored squares) and a set of block regions that have vet
to be coded/decoded (1o, white colored squares). A bloeck 802 of one of the block regions that
have yet to be coded/decoded may be assoctated with a block vector 804 that points to gnother
block 806 that has previously been codedidecoded. Accordingly, any motion information
associated with the block 806 may be used for the coding/decoding of block 802,

o9z} In some embodiments, the search range of the UPR mode Is constrained to be
within the curvent CTU. The effective memory requirement to stove reference samples for CPR
mode 13 1 CTU siwe of samples. Taking mio account the existing reference sample memory to
store reconstrncied samples i a current 64x64 region, 3 more 64x64 sized reference sample
menory ave requived. Embodiments of the present disclosure exfend the effective search range
of the CPR mwode © some part of the left CTU while the total memory requirement for storing
reference pixels are kept unchanged (1 CTU size, 4 64x04 reference sample memoty in total).

{0693]  In FIG. 94, the upper left region of UTU 900 13 the current region being decoded.
When the upper et region of CTU 900 is decoded, the entry {11 of the reference sample memory
is overwritten with the samples from this region, as illustrated in FIG 10A {e.g., over-written
memory location(s) has disgonal cross-hatcling). In FIG. 9B, the upper nght region of UTU
Q00 i the next current region being decoded. When the upper right region of CTU 900 38
decoded, the entry [2] of the reference sample memory is overwnisten with the samples from this
region, as iHustrated in FIG 10B. In FIG. 9C, the lower left region of CTL 900 is the next
current region being decoded. When the lower left region of CTU 900 is decoded, the entry [3]
of the reference sample memory is overwritien with the samples from this region, as illustrated in
FIG 10C. In FIG. 9D, the lower night region of CTU 900 s the next current region being
decoded. When the lower right region of CTU 900 13 decoded, the entry [3] of the veference
sample memory I8 overwriiten with the samples from this region, as ilustrated in FIG 10D,

8094}  Insome embodiments, the bitstream conformance conditions that a valid block
vector (mvL, in 1/16 - pel resolution} should follow the conditions specified below. In some
enmtbodiments, the luma motion vector mvL pbeys the following constrainis AL A2, B1, C1, and
C2.
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{0898  Ina first constraint (A1), when the derivation process for block avadability {e.g.,
neighbouring blocks availability checking process) is invoked with the curren fuma location
{ xCurr, yOurr ) set equal to { xCh, vCb ) and the neighbouring luma location
{ xCh+ {myL{ 01> 4 )+ chbWidth ~ {, yCh + { mvL] 1 1 >> 4 ) + chHeight ~ 1 )} as inputs, the
output shall be equal to TRUE.

j0096]  In a second constraint {A2), when the derivation provess for block avatlability
{e.g., neighbouring blocks availability checking process) is mvoked with the corrent fumg
location { xCurr, yCusr ) set equal to { xCh, vCh ) and the neighbouring tuma location
{xCh+{mvL]{ 0]>> 4 )+ chWidth— 1, vCh+ { L] 1 15> 4 ¥+ chHeight — 1 ) as inputs, the
the output shall be equal 10 TRUE.

{00977 In a third constramt (B1}, one or both of the fellowing conditions are trus:

{1} The value of { meL{ 0 ]>> 4 ) + cbWidth s less thay or equal to O
{1t}  The valueof { mavL] 1 ] >> 4 )+ chHaight 5 less than or equal to Q.
0698} in a fourth constraint (1), the following conditions ave troe;
(1) {vCh+{mvL{ 115> 4} 15> (CibLoglSizeY = yUh »> CtbLog28izeY
(it} {(vCh+ {myL] 1 15> 43+ cbHeght - 1) »> CtbLog28izeY = v(Ch
= CibLog2SizeY
{11} (xCb+ {myL] 0 1>> 4} 15> CihLog2SizeY »= { xCh >> CibLog28izeY )}~ |
(v} (xUh+{mvL] 015> 4} + chbWidth — 1) »> CitbLog2SizeY <= { xCb
== tbLog2SizeY )

[G099] Ina fifth constraint {C2), when { xCh 4+ { opvl ] 07155 43 ) »> CibLog2SieeY is
equal 1 { xCh >> CibLog2SizeY ) — 1, the derivation process for block avatlability (e.g.,
neighbouring blocks avatlability checking process) is invoked with the current huna
location{ xCurr, yCurr ¥ set equal to { xCh, vCb } and the nelghbouring luma location ({ { xCh +
{ L 015> 4 )+ CihSizeY ) »> { CibLog2SizeY ~ 1 1) << { CtbLog28izeY ~ 1 ), ({ yCh+
{mvif 115> 43)»> ( CibLog28izeY ~ 1 1) << { CibLog2SizeY ~ 1 } 1 as mputs, and the
output shall be equal to FALSE.

{0100} ins the above squations, xCh and yCb are the x and v coordinates of the cnrrent
block, respectively. The variables chHeight and cbhWidth are the height and width of the current

¥

block, respectively. The variable CthLog2stzeY refers to the CTU size in the log2 domain. For

example, CtbLoglsizeY = 7 means that the CTU size 1x 128 x 128, The variables mvL0[0] and

myvLOf 1] refer to the x and v components of block vector mvLO, respectively. I an output is
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FALSE, the samples for a reference block are determined to be available (e.g., neighboring block
is available for intra block copy usage). an output is TRUE, the semples for a reference block
are deternyned 1o be not available.

{0101}  According to some exnbodiments, a history-based MVP (HMVP) method includes
a HMVP candidate that is defined as the motion information of & previously coded block, A
table with multiple HMVP candidates is maintained dhuning the encoding/decoding process. The
table is emptied when a new slice is encountered. Whenever there is an inter-coded non-affine
block, the associated motion information is added o the last entry of the {able as a new HMVP
candidate. The coding flow of the HMVP method is depicted n FIG. 11AL

{0102  The able size 8 15 sef to be 6, which mdicates up o & HMVP candidates may be
added to the table. When inserting a new motion ¢andidate mito the table, a constrained FIFO
rule 13 utitized such that a redundancy check 13 fivst apphied to determme whether an identical
HMVP 15 in the table. W found, the wentical HMVP is removed from the table and all the
HMVP candidates afterwards ave moved forward, Lo, with indices reduced by 1. FIG. 118
shows an example of inserting a new motion candidate into the HMVE table.

[0103]  HMVP candidates may be used in the merge candidate hist constraction process,
The latest several HMVE candidates in the table are checked in order and inserted into the
candidate list after the TMVP candidate. Pruning mav be applied on the HMVP candidates to
the spatial or temporal merge candidate excluding sub-block motion candidate (Le.. ATMVP)

[0104]  Insome embodiments, to reduce the number of pruning operations, the munber of
HMPV candidates 1o be checked {denoted by L} 18 set as L= (N <=4 3?2 M1 (& - N), where N
indicates a number of available non-sub-block merge candidates and M indicates & nuraber of
available HMVP candidates in the table. In addition, once the total number of available merge
candidates reaches the signaled maxinally allowed merge candidates minus 1, the merge
candidate list construction process from the HMVP list is terminated, Furthermore, the mpmber
of patrs for combined bi-predictive merge candidate derivation is reduced from 12 10 6.

{0105]  HMVP candidates could also be used i the AMVP candidate list constroction
provess, The motion vectors of the last K HMVP candidates in the table ave mserted aftey the
TMVP candidate, Only HMVP candidates with the same reference picture as the AMVP target
reference picture are used to construet the AMVP candidate list. Pruning is applied on the
HMVP candidates. In some applications, K is set to 4 while the AMVP list size is kept

anchanged, i, equal f0 2.
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{0106  According to some embodiments, when intra block copy operates as a separate
mode from inter mode, a separate history buffer, referred to as HBVE, may be used for storing
previously coded mtra block copy block vectors. As a separate mode from inter prediction, it i3
desirable to have a simplified block vector derivation process for imira block copy made, The
candidate list for IBC BV prediction in AMVP mode may share the one used in IBC merge mode
{merge candidate list), with 2 spatial candidates + 5§ HBVP candidates.

[0107]  The merge candidate Hst size of IBC mode may be assigned as
MaxNomMergeCand, The MaxNumMergeCand may be determined by the inter mode merge
candidate list size MaxNumMergeCand, which is specified, in some examples, as
six_minus_max_nwmw merge cand. The variabde six_minus max_pum_merge cand may
specty the maximum number of merge motion vestor prediction (MVP} candidates supported in
a slice subtracied from 6.

{9108] 1o some examples, the maximwn number of merging MVP candidates,
MaxNumMergeCand is derived may be derived as:

MaxNunMergeCand = 6 — six_minus_nmax_num_merge cand

{0109} The value of MaxNumMergeCand may be in the range of 110 6, inclustve. The
BV prediction in non-mergs mode may share the same list generated for IBC mege mode.
However, in some examples, for non-merge mode case, the candidate Hst size is always 2,
Accordingly, there is a nesd to devslop proper meathods 1o handle the IBC merge candidate list
stze a8 well as IBC non-mergse mode {AMVP mode) predictor Hist stze when
MaxNumMergeCand 18 set to be vanous values sod the maximmun numbey of 18C merge
candidate list is set differently conpared 1o an inter merge candidate hist sze.

{8110]  The embodiments of the present disclosure may be used separately or combined
w any order. Further, each of the methods, encoder, and decoder according to the embodiments
of the present disclosure may be implemented by processing cirouitry {e.g., one or more
Processors o one or more ntegrated circuns): In one example, the one or more processors
execute @ program that is stored in g non-transitory computer-readable mediom. According to
some embodinments, the teroy block may be mierpreted as a prediction block, a coding block, ora
coding wnit {Le, CUY. When merge mode is discussed, the slap mode may be regarded as a
special merge mode. All disclosed embodinments for merge the mode may be applied to the skip

mode aswell
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{0111} In some embodiments, when MaxNumMerge{and for inter merge mode is

signaled as 1, the corresponding merge candidate Hst size for IBC is 1, which may cause

prediction. In this sityation, a candidate list with at least two entries 1s expected (AMVP mede
has two predictors). Emboidments of the present disclosure resolve these issues.

0112} According 1o some embodiments, in a first method, the merpe hist size for IBC
mode is gt least M, where M is an iiteger mumber. In some embodiments, the merge Hst size for
IBC, MaxNumiBCMergeCand, 13 set to be the following:

MaxNapd BCMergeCand = max{MaxNumMergeCand, M)

{01131 Inone embodiment, M is set equal 10 1 to guarantee at least 1 candidate for I8C
merge mode. In another embodiment, M is set equal t0 2 © guarantee at least 2 candidates for
IBC merge mode. Furthermore, the IBC AMVP mode sharing the same candidate Hst as IBC
mgrge mode can ensure that there will be two cntries i the candidate bist for BY predicton in
AMVP mode. I another embodiment, when the IBU AMVP mode shares the same candidate
list as the IBC merge mode, M is set o 1 if the cwrrent CU 18 coded in IBC marge mode, and M
1s set 1o be 2 when current CU s coded in IBC AMVP mode,

{0114]  Accoring to some embodiments, in & second method, the index of IBC merpe
mode (Le, werge idx) is signaled only when the merge candidate Hst size for IBC 15 greater than
L. I this second method, the the merge candidate hist size for IBC (e,
MaxNunlBCMergeCand) 15 derived first, which infers that the variable
MaxNumiBCMergeCand for IBC can be different from MaxNumMergeCand for inter mode.

{115] Insome embodiments, if only the merge candidate size for 1BC is considered,
then the following applies:

When peneral merge flag is wrue:

i { CuPredMode] x0 1 y0 ] == MODE I1BC § {
it MaxNomlBCMeraeCand > 1

merge iy <0 {0 ] ABCY
i
[0116]  Insome embodiments, i MaxNemiBCMergeCand is set equal to

MaxNumMergeCand—1, then the following apphies:

"

When merge flag is trae;
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L CaProdMode] x0 3 w0 1 == MODE IBCY ¢
HY MihMergeCand > 2)
neyge idxf x0 1 v01 iy

Table 2

01171 Insome embodiments, i IBC AMVP mode shares the same candidate Hst as IBC
merge mode, at least two entries in the candidate list for BV predicton in AMVP mode are
expected. To support this condition, the following assignment can be made for the merge
candidate list size for 1BC:

MaxNund BCMergeCand = max{MaxNamMergeCand, 2).

{0118]  Since MaxNumiIBCMergeCand >=2 iz guaratteed w this embodiment, the

signabing of merge idx does not need to depend on the size of inter merge candidate st

MaxNomMergeCand. Qne example of syntax table is as follows:

H{ CoPvadMuode] x0 1 90 == MODE IBCY
wrerge by« ] §x(‘l‘s

Table 3
[0119] - According to some embodiments, in a third method, a sepavate merge candidate
list size for IBOC s signaled, snd the range of this size, MaxNumiBCMergeCand, is from at least
M, where M s an infeger number. In this third method, the the merge candidate list size for IBC,
MaxNumiBCMergeCand, may be signaled from a separate syntax element. In one embodiment,
the range of MaxNumIBCMergeCand 15 trom 2 o MaxNomMergeCand.
{01207 The following is one embodiment of a signaling method of the third method. In

some examples, MaxNumiBCMergeCand <= MaxNumMergeCand, At pictore or shee fevel,

MaxMumberge{and =23

m.ax*num_ﬂmargeﬁc;mzimmmmﬁm&x‘_ﬂ num_ibe_cand ey}
Table 4

[0121]  The variable max_puwm_merge cand _minus_max_num_ibe cand specifies, m
some example, the maximum number of TRC merge mode candidates supported in the shice
subtracted from MaxNumMergeCand. The nraximum number of IBC merge mode candidates,
MaxMNumIBCMergeCand, may be derived as follows:

MaxNumiBCMergeCand =

MaxNumMergeCand - max_num merge cand minos max nmum ibe cand
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{01227 When max_num merge cand minus_nax_mun_ibe_cand is presen, the value of
examples. When max_pum_merge cand mious max num_ibe gand is ot present,
MaxNumIBCMergeCand 15 set 1o 0 in some examples. When MaxNuwmIBCMergeCand is equal
to O, IBC merge mode is not allowed for the current slice in some examples,

{81231  In some embodiments, at the TU level, if all the following conditions are true,
MergelRCFlag] x0 I v0 Jis set equal 0 1;

(1} sps_ibc enabled flag isequalto 1.

(i1} general merge fagl x0 [ v0 1 is equalso 1

{ii}CuPredMode] x0 I v0 ] 1s equal o MODRE IBC.

(v IMaxXNumIBCMergeCand is greater than or equal to 2.

HE Mereel BOF g x84 v 1 4
srerpe the id] <0 vo AR¥Y-

{0124}  The variable merge ibe idx is the mdex for IBC merge candidate Hst, which
ranges from 0 to MaxNomiBCMergeCand - 1 in some examples. If MaxNamIBCMergeCand 15
greater than MaxNumMergeCand, the above embodiment regarding the CU level does not hold
frus,

{0125 1o some embodiments, skip_flag or general_merge flag is signaled first. To make
sure that they van be used properly. A constraint should be imposed such that these flags shall
nat be signaled or shall only be false when IBC mode is chosen and the merge candidate size s
smaller than the desired minimum number M, such as M=2. In one embodiment, when
MaxNumiBCOMergeCand 15 smaller than 2, 1BC merge mode or skip mode is not used. Ifa skip
mode flag is stgnaled before a block level IBC flag, then a constraint niay be imposed on the IBC
flag signaling such that when skip _flag is tue, IBC flag is not signaled and inferred to be false.
In another example, if the skip mode flag is signaled before the block level IBC flag, the IBC
flag 13 signaled, but is st inferred to be false.

[0126]  Insome embodiments, if the block level IBC flag is signaled before
general merge flag, then a constraint 13 fmposed on the general merge {lay signating such that

when 1BC flag is true, general merge flag is not be signaled and inferred to be false, orthe
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general merge flag is signaled but is mferved to be false. An example syntax table design is as

follows:

HY oo skip Jagl x0 § 90 1= = 0 88 YCaePFredModelx Oy == MODE IBC &&
MaxNumdBCMergeCand < 33
general_merge fag) <0 3 v anfy)

i general merge flagl s

merge datad <0, w0, chWiddh, cbHeight )
Yodse iy §

Table 6
0127  When CuPredModef x0 }[ y0 ] == MODE IBC and MaxNumIBCMergeCand

< 2, general_merge flagl x0 } v0 | is inferred to be 8 in some examples,

[0128]  According to some embodunents, m a fourth methed, the merge bist size for IBC
mode is at least M, and at most W, where M and N are integer numbers, and M <N, In this
fourth method, the merge list size for IBC, MaxNumiBUMergeCand, may be set to the
following:

MaxNumIBCMergeCand = max{M, min{MaxNumMergeCand, N}

{0129 Inone embodiment, M is set equal to 2, zo there is at least 2 candidates for IBC
merge mode: By another embodiment, N s set equal to $, so there s at most S candidates for
IBC merge mode.

{0136]  According to some exnbodiments, g fifth method, a max aumber of 1BC

predictor candidates MaxNumiBCCand is signaled in bitstreams, such as i a slice header. This

AMVP predicior index may be signaled using the same syntax flag {candidate index) with a
truncated unary code and {MaxNumiBCCand — 1) being a max value of the truncased unary
code.

[0131]  According to some embodiments, in a sixth embodiment, regardless of whether
MaxNumd BCMergeCand is equal to MaxMNunMergeCand, when MaxNamIBCMergeCand 1s
equal o 1, the mvp idx (mvp_10_flag) for the IBC AMVP mode is not signaled. Thefore, in
accordance with the sixth method, i the BV predictor size is equal to 1 {determined by
MaxMumiBCMergeCand=1}, then there will be only 1 predictor candidate for the IBC AMVE
mode. When this sifuation occurs, the index of this predicier does not need to be signaled.

{132]  The below syntax is an example of an embodiment according to method 6.
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toolse 0 CoProdMode] 0 0y {i== MODE BTG
mvd_codingl <0, v, 0, 8)
U M Nond BOMengeCand » 1)
mvp W flag] x0§f v0} AV

1 sps v onabded flag &&
(MedLOpxD 90 O 110 1 MudLOfxO VO H 112034

gowy_peecises, Bagl xB |y ] gE(V)
b
5
1 else {

Table 7

{0133]  FIG. 12 dlustrates an embodiment of a video decoding process pertormed by a
video bistream mncluding @ current picture 1s received. The process proceeds to step (512023 o
determine whether g current block in the current picture is coded m the 1BC mode. I the current
block is coded in the IBC mode, the provess proceeds from step (S1202) to step {(S1204) o
deternine a number of IBC predictor candidates for the current block. For example, the number
of IBC predictor candidates can be determined in accordance with one of the first to sixth
methods disclosed above. The process proceeds 1o step (81200} where an IBC predicior
candidate list having a size corresponding o the number of IBC predictor candidates &
constructed. The process proceeds to step (S1208) where a block vector predictor is selected
from the IBC predictor candidate list. The process procesds to step (512101 where g block
vector assoctated with the current block is decoded using the block vector predictor. The process
proceeds to step (31212) where the corrent block 1s decoded m accordance with the block vector
that was decoded m the previous step. For example, a block vector predictor from the 18C
predictor candidate hist may be selected, a block vector may be decoded using the selected block
vector predictor, and IBC devoding 1§ performed on the current block using the block vector. In
this regard, a block vector associated with the selected candidate 15 wsed © poind 10 another block
in the current picture that is used for decoding the current block.

{0134]  Returning fo step (31202}, if the current block s not coded 1 the IBC mode, the
process proceeds o step (S1214) where the current block s decoded in accordance with a coding

mode of the current block. For example, the curvent block may be decoded based on the intra
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prediction mode or inter prediction mode. The process tlustrated in FIG. 12 may end after steps

{S1212) and {81214} are completed.

{0135]  The techniques deseribed above, van be implemented as computer software using
computer-readable instructions and physically stored in one or more computer-readable media.
For example, FIG. 13 shows a computer system {1300) suitable for hoplementing certain
embodiments of the disclosed subject matter.

{0136]  The computer software can be coded using any suttable machine code or

create code comprising instructions that can be executed divectly, or through interpretation,
micro-code execation, and the hike, by one or raore computer central processing units (CPUs),
Ciraphics Provessing Units (GPUs), and the like.

10137]  The instructions can be excouted on varicus types of computers of components
thereof, mcluding, for example, personal computers, tablet computers, servers, smartphones,
gaming devices, mternet of things devices, and the like.

{0138]  The components shows in FIG. 13 for computer system (1300} are exemplary in
nature and are not ntended to suggest any lmitation as to the scope of use or functionality of the
computer sofiware implementing embodiments of the present disclosure. Neither should the
configuration of components be interpreted as having any dependency or requivement relating to
any one or combination of components itlustrated 1n the exemplary embodiment of 3 computer
system {1300},

{8139]  Computer system (1300} may mchude certain human interface tnput devices.
Such a human interface input device may be vesponsive to Input by one or more human usess
through, for example, tactile input {such as: kevstyokes, swipes, data glove movements), audio
mput {such as: voice, clapping), visual input {such as: gestures), olfactory input {not depicied}.
The human interface devices can also be used to capture certam media not necessanly divectly
refated 1o conscions input by & human, such ss sudio (such ast speech, music, ambient sound},
umages (sach as: scanned images, photographic images obtaim from a still image camera), video
{such as two-dimensiona] video, three-dimensional video including stereoscopic videa).

[0148]  Input homan interface devices may include one or more of {only one of each
depicted): kevboard (1301}, mouse (1302}, wackpad {1303}, touch screen {1310), data-glove (not

shown), jovstick {1305), nuicrophone (13068), scanner (1307), camera {1308}
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{0141} Computer system {1300} may also include certain human interface output devices.
Swch homan interface output devices may be stimulating the senses of one or more human vsers
throngh, for example, tactile output, sound, light, and smell/taste. Such human interface cutput
devices may inclade tactile cutput devices (for example tactile feedback by the touch-screen
{1310}, data-glove (not shown}, or jovstick {1308}, but there can also be tactile feedback devices
that do not serve as input devices), audio output devices {such as: speakers {1309), headphones
{not depicted)), visual output devices {such as screens (1310) to include CRT sereens, LCD
screeny, plasma screens, OLED screens, each with or without tonch-screen input capability, sach
with or without tactile feedback capability—some of which may be capable o output two
dimensional visual output or more than three dimensional output through means such as
stereographic output virtualreality plasses (not depicted), holographic displays and smoke tanks
{not depicied)}, and printers {not depicted).

10142 Computer system (1300} can alse include human accessible storage devices and
their assoctated media such as optical media inclading CD/DVD RONM/RW {1320} with
CIFOVD or the ke media (1321), thumb-drive (1322), removable hard drive or solid state drive
{1323), legacy magnetic media such as tape and Boppy disc (not depicted), specialized
ROM/ASIC/PLD based devices such as security dongles {(not depicted), and the ke,

{01431 Those skilled in the art should alse understand that term “computer readable
media™ as used in connection with the presently disclosed subject matter does not encompass
transmussion media, Carrier waves, or ather transitory signals.

[0144]  Computer system (1300} can also include an interface to one or more
conunuaication networks, Networks can for example be wireless, wireline, optical, Networks
can further be local, wide-area, metropolitan, vehicalar and industrial, real-time, delay-tolerant,
and so on. Examples of networks mclude local area petworks such as Ethernet, wireless LANs,
cellular networks to include GSM, 3G, 4G, 3G, LTE and the Hike, TV wireling or wireless wide
area digital networks to mclude cable TV, satellite TV, and terrestrial broadcast TV, vehicular
and industrial {o include CANBus, and so Torth, Certain networks commenty require external
network mierface adapters that attached to certain general purpose data ports or peripheral buses
{1349) {such as, for example USRE parts of the computer system {1300)); others are comimonly
integrated nio the core of the computer system (1300} by attachment to a system bus ag
described below {(for example Ethemet interface into a PC computer system or celfular nerwork

o
N

wmterfce into a smartphone compuier system). Using anv of these networks, computer system
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{1300) can communicate with other entities.  Such comnunication can be uni-directional, receive
onty (for example, broadeast TV), uni-directions! send-only (for example CANbus to certain
CANbus devices), or bi-directional, for example to other computer systems using local or wide
area digital networks, Certain protocols and protocal stacks can be used on each of those
networks and network interfaces as described above,

j0145]  Aforementioned human interface devices, huntan-accessible storage devices, and
network interfaces can be attached to a core (1340) of the computer system {1300}

{0146]  The core (1340) can include one or more Central Processing Units (CPLU) (1341},
Graphics Processing Units (GPU) {1342}, specialized programmable processing units in the form
of Field Programmmable Gate Areas (FPGA) (1343), hardware accelerators for certain tasks
{1344}, and so forth. These devices, along with Read-only mermeory (ROM) (1345), Random-
access memory {1346), internal mass storage such as internal non-user accessible hard drives,
SSDs, and the like {1347), may be connected through a system bus (1348). In some conputer
systems, the systent bus (134R) can be accessible in the form of one or more physical plugs to
enable extensions by additional CPUs, GPU| and the like. The peripheral devices can be
attachied gither divectly to the core’s syster bus {1348}, or through a peripheral bus (1349),
Architectures for a peripheral bus include PCIL, USB, and the like.

[0147)  CPUs (1341), GPUs (1342}, FPGAs {1343), and accelerators (1344) can execute
certain instructions that, i combination, can make up the aforementioned computer code. That
computer code can be stored i ROM {1345) or RAM {1346). Transitional data can also be
stored in RAM (1346), whereas prrmanent data can be stored for example, in the jnternal mass
storage (1347). Fast storage and retrieve to any of the memory devices can be enabled through
the wse of cache mewory, that can be closely associated with one or mere CPU (1341), GRU
{1342), mass storage (1347), ROM (1345), RAM (1346}, and the tike.

[0148]  The computer readable media can have computer code thereon for performing
various computer-implemented operations. The media and computer code can be those specially
designed gnd constructed for the purposes of the present disclosure, or they can be of the kind
well known and available to those having skill in the computer software arts.

0148 As an example and not by way of imitation, the computer systen having
architecture (1300), and specifically the core {1340) can provide functionality as a resolf of
processor{s) (ncluding CPUs, GPUs, FPGA, accelerators, and the like) executing software

embodied in one or more tangible, computer-readable media. Such computer-readable media
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can be media associated with user-accessible tmass storage as introduced above, as well as certain
storage of the core (1340} that are of non-transitory natwe, such as core-internal mass storage
{1347y or ROM (1343%). The software implamenting various embodiments of the present
disclosure can be stored i such devices and executed by core {1340). A computer-readable
medium can include one or more memory devices or chips, according to particular needs. The
software can cause the core (1340) and specifically the processors therein (including CPU, GPLL
FPGA, and the like) to execute particolar processes or particular parts of particular processes
described herein, including defining data structures stored m RAM (1346} and modifymg such
data structures gecording to the processes defined by the software, In addition or as an
alternative, the computer system can provide functionality as a result of logic hardwired or
atherwise embodied in a cirpuit {for example: accelerator (1344)), which can operate in place of
or together with sofbware to execute particular processes or particular parts of particular
processes deseribed herein, Reference to software can encompass logic, and vice versa, whers
appropriate. Reference to a computer-readable media can encompass a circult {such asan
mntegrated circutt {1C}) storing software for execution, a circuit embodying logic for execution, or
both, where appropriate. The preseunt disclostre encompasses guy suitable combination of
hardware and software.

Appendix A: Acronyins
JEM: joint exploration model
VYV versatile video coding
BMS: benchmark set
MV: Motion Vector
HEVC; High Efficiency Video Coding
SEL Supplementary Enhancement Information
YU Video Usability Information
GOPs: Groups of Pictures
TUs: Transform Units,
PUs: Prediction Units
CTBs: Coding Tree Blocks
PBs: Prediction Blocks

HED: Hypothetieal Reference Decoder
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SNR: Signal Nopise Ratio

CPUs: Central Processing Units

GPUs: Graphics Processing Units

CRT: Cathode Ray Tube

LOx Liquid-Crystal Display

OLED: Organic Light-Emitting Dicde
CDy Compact Dise

DVD: Digital Video Dise

ROM: Bead-Only Memory

RAM: Random Access Memory

ASIC: Application-Sperific Integrated Cireut
PLIY: Programmable Logic Device
LAN: Local Area Network

GRM: Global System for Mobile communications
LTE: Long-Term Evolution

CANBuag: Controller Area Network Bus
USB: Universal Serial Bus

PCL: Penipheral Component Interconnect
FPOA: Fisld Progranumable (ate Areas
5SD: solid-state drive

IO Integrated Clronit

CU: Coding Linit

PCT/US2020/031302

{0156]  While this disclosure has deseribed several exemplary embodiments, there are

alterations, permutations, and various substitute equivalents, which fall within the scope of the

disclosnre. It will thus be appreciated that those skilled i the ant will be able 1o devise numerons

systems and methods which, although not explicitly shown or described herein, embody the

principles of the disclosure and are thus within the spirit and scope thereof,

{01511 (1) A methed of video decoding includes receiving a coded video hitstream

mchuding a curvent picture] determining whether a current block mcluded m the current picture i3

coded m intra block copy (IBC) mode; in response {0 the current block being coded i the IBC

mode, determining a number of 1BC predictor candidates associated with the current block;
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constructing an IBO predictor candidate list having a size cortesponding to the number of IBC
predictor candidates; selecting a block vector predictor from the IBC predictor candidate st
decoding a block vector associated with the current block using the block vector predictor; and
decoding the current block in sccordance with the block vector.

{81527 (2} The method according to feature (1), in which the number of IBU predictor
candidates 1s greater than or equal o M and less than or equal to N, and wherein M is 2!

[0153]  (3) The method according to feature (2), in which N s S

{0154}  {4) The method of feature (2}, in which the number of IBC predictor candidates ia
egnal 1o max (M, min (MaxNomMergeCand, NY), in which MasNumMergeCand is equal to &
mumsber of candidates in a merge mode list

01551 (5) The method according to any ong of features (13— {4}, in which the number of
IBC predictor candidates 13 signaled in the bitstream.

{8156}  {6) The method according 1o feature {5}, in which the number of IBU predictor
candidates is signaled using a truncated unary code with the number of IBC predictor candidates
minus one being the max value,

{0157] (7)) The method according to any one of fegtures (1) — {6}, wn which when the
anmber of IBC predictor candidates 1s equal o 1, an mdex associated with selecting a IBC block
veetor predicior s not signaled.

[0158] (8} A video decoder for performing video decoding, including processing
circaitry configured to: receive a coded video bitstream including a current picture, detenmine
whether a current block included in the current picture is coded i intra block copy (IBC) mode,
in response 1o the current block being coded in the IBC mode, determing a number of IBC
predictor candidates associated with the carrent block, construct an IBC predictor candidate Hst
having a size comesponding to the mumber of IBC predictor candidates, select a block vector
predictor from the IBC predictor candidate s, decode a block vector associated with the corvent
block using the block vector predictor, and decode the current block in accordance with the block
VeCtot.

{01891 (9} The video decoder according to feature (8), in which the numbey of IBC
pradictor candidates is greater than or equal to M and less than or equal to N, and wherein M 15
2

[0168] {10} The video decoder according to feature (9), wm which N is 5.
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je161]  (11) The video decoder according to feature {9}, in which the number of IBC
predictor candidates s equal o) max (M, nvin (MaxNemMergeCand, NY), in which
MaxNumMergeCand is equal to a suntber of candidates in & merge mode Hst.

[0162] (12} The video decoder according o any one of features (8) — (11), in which the
mumber of IBC predicior candidates is signaled in the bitstream.

{81631  {13) The video decoder according to feature {12}, in which the number of IRC
predictor candidates 13 signaled using 8 troncated wnary code with the number of 1BC predictor
candidates minus one being the max value.

[0164]  (14) The video decoder according 1o any one of features (8) — (13), wherein when
the number of IBC predictor candidates is squal 1o 1, an index associated with selecting a 1BC
block vector predictor 1 not signaled.

[165]  (13) A non-transitory computer readable medium having instractions stored
thereny, which when executed by 8 precessor in a videe decodor canses the processor 1o exeonse
a method mcluding: receiving a coded video bitstream including a current picture; determining
whether a current block jocluded in the current picture 15 coded in intra block copy (IBC) mode;
i response to the current block being coded in the IBC mode, determining a number of IBC
predicior candidates associated with the current Mock; constructing an IBC predictor candidate
Hist having a size corresponding to the number of [IBC predictor candidates; selecting a block
vector predictor from the IBC predictor candidate Hist; decoding a block vector associated with
the current block using the block vector predicior; and deceding the current block in accordancs
with the block vector.

[0166] {16} The non-transtory computer readable medium according to feature (15, in
which the number of IBC predictor candidates 1s greater than or equal to M and less than or
equal to N, and wherein M is 2.

{81671 (17) The nop-transitory computer readable medivm according o featwe (16}, in
which N is 5.

i0168] (1R} The non-transitory computer readable mediun gecording to feature (16), in
which the number of IBC predictor candidates 18 equal tor max (M, min (MaxNemMergeCand,
N1, in which MaxNumMergeCand s equal to 8 nurnber of candidates in g merge mode Hst

{01691  {19) The non-transitory computer readable medium of feature {15), in which the

number of 1BC predictor candidates 1s signaled 1o the bitstream,

36



WO 2020/227204 PCT/US2020/031302

{01707  {20) The non-transitory computer readable medivm of feature (193, it which the
muamber of IBC predictor candidates is signaled using a tnmeated unary code with the number of

IBC predictor candidates minus one being the max value.
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WHAT IS CLAIMED I:

1. A nwethod of video decoding comprising;

receiving 8 voded video bitstream including a current picture;

determining whether a curvent block included in the current picture is coded in intra block
copy (IBC) mode;

in response to the current block being coded in the IBC mode, determining a number of
18 predictor candidates assoctated with the current block;

constructing an 1B predictor candidate list having a size carresponding to the number of
IBC predictor candidates;

selecting a block vector predictor from the {BC predictor candidate list;

decoding a block vector associated with the current block using the block vector
predictor; and

decoding the current block in accordance with the block vector,

2. The method according to claim 1, wherein the namber of IBC predictor

candidates is greater than or equal o M and less than or equal to N, and wherein M s 2.

3 The method acconding to clann 2, wherein N is 5,
4, The method of clainy 2, wherein the mumber of IBC predictor candidates is equal

o
max (M, min (MaxNomMergeCand, Ny,

wherein MaxNumMergeCand 13 equal to a number of candidates in a merge mode list.
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3. The method of claim I, wherein the number of IBC predictor candidates i3

signaled m the bitstream,

& The method of claim 3, wherein the number of IBC predictor candidates is
signaled using a truncated unary code with the number of IBC predicior candidates minus one

being the max valne.

3

The method according 10 claim 1, whersin when the namber of 1BC predictor

candidates 15 equal o 1, an mdex associated with selecting 8 IBC block vector predictor is not

signaked.
& A viden decoder for performing video deceding, comprising:

processing oircuitry configured to

receive & coded video bitstrean including a current picture,

determine whether a current block inchaded in the current picture is coded m intra
black copy (IBC) mode,

in response 1o the current block being coded in the IBC mode, determine a
number of TBC predictor candidates associated with the curvent block,

construct an 1B predictor candidate Hat having a size corresponding to the
number of IBC predictor candidates,

select & block vector predicior from the IBC predictor candidate hist,

decode a block vector associated with the current block using the block vector
predictor, and

decode the current block in accordance with the Black vectar.
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9, The video decoder according to claim 8, wherein the number of IBC predictor

candidates i3 greater than or equal to M and less than oy equal o N, and wherein M is 2.

10, The video decoder according to claim @, wherein Nis 5.

1. Thewideon decoder of clatm 9, wherein the number of IBC predictor candidates is
egual to;
max (M, min (MaxNumMergeCand, N}),

wherein MaxNumMergeCand s equal to 2 nuniber of candidates in a merge mode list.

12, The video decoder of claim 8, wherewn the number of IBC predictor candidates i3

signaled in the bitstream.

13, The video decoder of claim 12, wherein the number of IBC predictor candidates is
signaled using a truncated wnary code with the number of IBC predictor candidates minus ong

being the max value.

14, The video decoder according 1o claim 8, whetsin when the number of 1BC
predictor candidates is equal to 1 an index associated with selecting a IBC Mock vector predictor

is not signaled.
IS, A nowtransitory computer readable medium baving mstructions stored therem,
which when executed by a processor in a video decoder causes the processor to execute a method

comprising.
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receiving a coded video bitstrean including a current pictuse;

determining whether a current block included i the current picture is coded m intra block
copy (IBCY mode;

in response to the current block beng coded in the IBC mode, determining a number of
IBC predictor candidates assoviated with the current bock;

constructing an IBC predictor candidate list having a size corresponding to the number of
IBC predictor candidates;

selecting a block vector predictor from the IBC predictor candidate sy

decoding a block vector assoctated with the cuwrent block using the block vector
predictor; and

decoding the current block i accordance with the block vector.

16, The non-transitory computer readable medivm according 1o claim 15, wheran the
number of TRC predictor candidates is greater than or equal 1o Moand less than vr equal to N, and

wherein Mis 2.

17, The non-transitory computer readable medium aceording to claim 16, wherein N

is 5.

18, The nop-transitory computer readable medium of claim 16, wherein the number
of IBC predictor candidates s equal o
avax (M, miy (MaxNumMergeCand, N)),

wherein MaxNamMergeCand is equal to a number of candidates in a mierge muode list,
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19 The non-transitory compuier readable medium of claim 15, wherein the number

of IBC predictor vandidates is signaled in the bitstream.

20, The non-transitory computer readable medivan of claim 19, wherein the numbey

predictor candidates munus one being the max value
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