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ADAPTIVELY CODING MOTION INFORMATION FOR
MULTIPLE HYPOTHESIS PREDICTION FOR VIDEQG COBING

16001} This application clatmas priority to U.S. Patent Application No. 17/655,919, filed
March 22, 2022 and U.S. Provisional Application MNo. 63/167 480, filed March 29,
2021, the entire contents of each of which are incorporated by reference herein. US.
Patent Application No. 17/655 919, filed March 22, 2022 claims the benefit of U S,
Provisional Application No. 63/167 480, filed March 29, 2021,

TECHNICAL FIELD

10602} This disclosure relates to video coding, including video encoding and video

decoding.

BACKGROUND

10603} Digital video capabilities can be incorporated nto a wide range of devices,
mchuding digital televisions, digital direct broadcast systems, wircless broadcast
sysiems, personal digital assistants (PDAg), laptop or desktop computers, tablet
computers, e-bock readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-~called “smart phones,” video teleconferencing devices, video streaming
devices, and the bke. Dhgital video devices implement video coding techniques, such as
those described in the standards defined by MPEG-2, MPEG-4, ITU-TH.263, ITU-T

H 264/MPEG-4, Part 10, Advanced Video Coding (AVC), ITU-T H.265/High Efficiency
Video Codmg (HEVC), I'TU-T H.266/Versatile Video Coding (VVC), and extensions of
such standards, as well as proprictary video codecs/formats such as AOMedia Video |
{AV1), developed by the Alhance for Open Media. The video devices may transmit,
receive, encode, decode, and/or store digital video information more efficienty by
wnplementing such video coding technigues.

{80604} Video coding techniques nclude spatial (intra-picture) prediction and/or
temporal (inter-picture) prediction to reduce or remove redundancy mherent in video
sequences. For block-based video coding, a video slice {e.g., a video picturc or a
portion of a video picture) may be partitioned into video blocks, which may also be
referred to as coding tree units {CTUs), coding units {CUs) and/or coding nodes. Video

blocks in an mtra-coded (8} slice of a picture are encoded using spatial prediction with
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respeet to reference saraples in neighboring blocks i the same picture. Video blocks in
an mter-coded (P or B) slice of a picture may use spatial prediction with respect to
reference samples in neighboring blocks in the same picture or temporal prediction with
respect to reference samples in other reference pictures. Pictures may be referved to as

frames, and reference pictures may be referred to as reference frames.

SUMMARY

[B005] In general, this disclosure describes techniques for muitiple hypothesis inter-
prediction during video coding. Video coding generally inchudes partitioning pictures of
a series of pictures into respective blocks, then coding {encoding or decoding) each of
the blocks. Coding a block generally mncludes predicting the block and coding a
residual for the block, that 1s, a set of differences between the predicted block and the
actual block. Prediction can be intra-picture {that 13, predicting the carrent block using
data of the picture including the block) or inter-picture {that is, predicting the current
block using data of one or mare previously coded picturcs). Multiple hypothesis inter-
prediction refers to using multiple reference blocks m one or more previously coded
pictures to predict a current biock. For example, a video coder may gencrate two or
morg prediction blocks, then combime values of the prediction blocks using averaging,
weighted prediction, or the ke,

18606} Inter-prediction may be signaled using various coding modes, such as merge
maode or advanced motion vector prediction (AMVPY mode. In general, in merge mode,
motion information of a signaled neighboring block is used as motion information of a
current block, whereas 10 AMVP mode, motion information of a signaled neighbormg
block 1s used to predict a motion vector of the current block, and other motion
mformation {¢.g., motion vector difference values and reference picture identifving
mformation} s coded to form the motion information of the current block, This
disclosure describes, infer alic, vanous examples of techmques related to signaling
multi-hypothesis interprediction information using merge mode.

{8607} In one example, a method of decoding video data includes generating a first
prediction block for a current block of video data using a base mier-prediction mode;
coding a merge mode svntax element for a second prediction block, the second
prediction block representing an additional prediction hypothesis for the current block,

wherein the merge mode syntax element indicaies whether motion information for the
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second prediction block is coded using merge mode; coding motion information for the
second prediction block according to the merge mode syntax element, includimg, when
the merge mode syntax element mdicates that the motion mformation for the second
prediction block is coded using merge mode, forming a merge candidate list including
one or more merze candidates, cach of the merge candidates representing respective sets
of uni-prediction motion information; generating the second prediction block for the
current block of video data using the motion wformation: forming a mudti-hypothesis
prediction block for the current block as a combination of the first prediction block and
the second prediction block; and decoding the current block using the multi-hypothesis
prediction bloc

{8608} In another example, a device for decoding video data meludes a memory
configured to store video data; and one or more processors implemented in circuitry and
configured to: generate a first prediction block for a current block of video data using a
base mter-prediction mode; code a merge mode syntax clement for a second prediction
block, the second prediction block representing an additional prediction hypothesis for
the current block, whercin the merge mode syntax element indicates whether motion
mmformation for the sccond prediction block is coded using merge mode; code motion
mformation for the second prediction block according to the merge mode syntax
clement, wherein to code the motion information, the 08¢ or MOTe Processors are
configured to, when the merge mode svidax eleraent indicates that the motion
mformation for the second prediction block 1s coded using merge mode, form a merge
candidate list including one or more merge candidates, cach of the merge candidates
representing respective sots of uni-prediction motion information; generate the second
prediction block for the currerd block of video data using the motion information; form
a multi-hypothesis prediction block for the current block as a combmation of the first
prediction block and the second prediction block: and decode the current block using the
multi-hypothesis prediction block.

{30609} In another example, a compuier-readable storage medium has stored thercon
mstructions that, when executed, cause a processor to; generate a first prediction block
for a carrent block of video data using a base inter-prediction mode; code a merge mode
syntax elerent for a second prediction block, the second prediction block representing
an additional prediction hypothesis for the current block, wherein the merze mode
syntax element indicates whether motion mformation for the second prediction block is

coded using merge mode; code motion mformation for the second prediction block
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according to the merge mode syntax eleroent, including, when the merge mode syntax
clement mdicates that the motion information for the second prediction block 15 coded
asing merge mode, forming a merge candidate list inchiding one or more merge
candidates, cach of the merge candidates ropresenting respective sets of uni-prediction
mation information; generate the second prediction block for the current block of video
data using the motion information; form a multi-hypothesis prediction block for the
current block as a combmation of the first prediction block and the second prediction
block; and decode the current block using the multi-hypothesis prediction block.

10618} In another example, a device for decoding video data mcludes means for
generating a first prediction block for a current block of video data using a base inter-
prediction mode; means for coding a merge mode syntax element for a second
prediction block, the second prediction block representing an additional prediction
bvpothesis for the current block, wherein the merge mode syntax eloment indicates
whether motion information for the second prediction block 1s coded nsing merge mode;
means for coding motion information for the second prediction block according to the
merge mode syntax element, including means for forming, when the merge mode syotax
clement mdicates that the motion information for the second prediction block 15 coded
using merge mode, a merge candidate list including one or more merge candidates, cach
of the merge candidates representing respective sets of uni-prediction motion
mformation; means for generating the second prediction block for the current block of
video data usmg the motion information; means for formmg a nmulti-hypothesis
prediction block for the current block as a combination of the first prediction block and
the second prediction block: and means for decoding the current biock using the multi-
hypothesis prediction block,

{8611} The details of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent

from the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

{0812} FIG. 1 1s a block diagram tllustrating an example video encoding and decoding

sysiern that may perform the technigues of this disclosure.
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16613} FIG. 2 is a conceptual diagram iHustrating a table representing an example
scheme for uni-prediction motion vector selection for geometric partitioning mode
{GPM).

{8614} FIG. 3 is a block diagram illustrating an example video encoder that may
perform the technigues of this disclosure.

{8815} FIG. 4 15 a block diagram illustrating an example video decoder that may
perform the technigues of this disclosure.

10616} FIG. 5 15 a flowchart iHiustrating an example method for encoding a current
block in accordance with the technigues of this disclosure.

{8617} FIG. 615 a flowchart sHustrating an example method for decoding a current
block in accordance with the techmques of this disclosure,

{8618} FIG. 7 is a flowchart dlustrating an example method of decoding video data

according to the techmigues of this disclosure.

DETAILED DESCRIPTION

[3818] Video coding gencrally includes partitioning pictures of a series of pictures into
respective blocks, then coding (encoding or decoding) each of the blocks., Coding a
block generally includes predicting the biock and coding a residual for the block, that is,
a set of differences between the predicted block and the actual block. Prediction can be
mira-picture {that is, predicting the current block using data of the picture including the
block) or mter-picture (that is, predicting the current block using data of one or more
previously coded picturesy. Multipie hypothesis inter-prediction refers to using multiple
reference blocks in one or more previously coded pictures to predict a current block,
For example, a video coder may generate two or more prediction blocks, then combine
values of the prediction blocks using averaging, weighted prediction, or the like.

10628} Inter-prediction may be signaled using vanous coding modes, such as merge
mode or advanced motion vector prediction (AMVP) mode. In general, in merge mode,
motion information of a signaled neighboring block is used as motion information of a
current block, whereas in AMVP mode, motion information of a signaled neighboring
block 1s used to predict a raotion vector of the current block, and other motion
mformation {¢.g., motion vector difference values and reference picture dentifving

mformation} is coded to form the motion information of the carrent block.
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10621} Thus disclosure describes various example technigues that may be used to apply
merge mode signaling to multi-hypothesis inter-prediction. Rather than always
signaling one or more of a reference picture index, motion vector predictor index, and/or
motion vector difference for multi-hypothesis inter-prediction, the technigues of this
disciosure may include coding a merge tlag that mdicates whether motion information
for an additional hvpothesis is coded using merge mode or AMVYVP mode. In particular,
signaling the motion information for each motion vector may result n signaling excess
data that can overly increase overbead signaling for a video bitstream, and require
excess encoding, decoding, and other processing operations. By using merge mode to
code motion mformation for multi-hypothesis inter-prediction, the signaling overhead
and the encoding, decoding, and other processing operations can be reduced, without
diminishing video quality.

{3022} In some examples, a video coder {encoder or decoder) may, when the motion
mformation for the additional hvpothesis 1s coded using merge mode, construct a merge
candidate list for the additional hypothesis such that all merge candidates i the merge
candidate list are uni-prediction rootion information candidates. For example, if a
neighboring block to be used as a merge candidate s coded using bi-prediction
mehuding first and second motion information, the video coder may constract a merge
candidate from the neighboring block using only one of the first motion information or
the second motion information. In some examples, the video coder may construct two
merge candidates from the neighboring block that is coded using bi-prediction: a first
merge candidate using the first motion mformation and a second merge candidate using
the second motion information.

10623} In some examples, the video coder may apply local illumination compensation
(LIC) to the additional hypothesis if LIC is applhied o the basc hypothesis. The video
coder may perform LIC in this way in addition to, or in the alternative to, the technigues
discussed above.

{3024} In some examples, the video coder may determine an interpolation filter to apply
when calculating values for half-sample (half-pixel or half-pel} positions for luminance
data. For example, if the motion information for the additional hypothesis 13 coded
using merge mode, the interpolation filtler may be determined according to the
mterpolation filter of the merge candidate, wmstead of the base raode. As another
example, if the motion nformation for the additional hypothesis is coded using AMVE,

the wterpolation filter may be determined according to the base mode. The video coder
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may perfomm interpolation filter mheritance 1n any of these ways m addition to, or  the
alternative to, the technigues discussed above.

18025] FIG. 1 is a block diagram tHhustrating an example video encoding and decoding
systern 100 that may perform the techniques of this disclosure. The technigues of this
disclosure are gencrally directed to coding {encoding and/or decoding) video data. In
general, video data includes any data for processing a video., Thus, video data may
mclade raw, uncoded video, encoded video, decoded {e.g., reconstructed} video, and
video metadata, such as signaling data

10626} As shown in FIG. 1, system 100 includes a source device 102 that provides
encoded video data to be decoded and displaved by a destination device 116, in this
example. In particular, source device 102 provides the video data to destination device
116 via a computer-readable medium 110, Source device 102 and destination deviee
116 may comprise any of a wide range of devices, including deskiop computers,
notebook (1.¢, laptop) computers, mobile devices, tablet computers, set-top boxes,
ciephone handsets such as smartphones, televisions, cameras, display devices, digital
media players, video ganung consoles, video streaming device, broadceast receiver
devices, or the like. In some cases, source device 102 and destination device 116 may
be equipped for wireless commuication, and thus may be referred to as wireless
communication devices.

{30827} In the example of FIG. 1, source device 102 meludes video source 104, memory
106, video encoder 200, and output interface 108, Destination device 116 includes
mput interface 122, video decoder 300, memory 120, and display device 118, In
accordance with this disclosure, video encoder 200 of source device 102 and video
decoder 300 of destination device 116 may be configured to apply the techmiques for
coding motion information for multi-hypothesis inter-prediction. Thus, source device
102 represents an example of a video encoding device, while destination device 116
represents an example of a video decoding device. In other examples, a source device
and a destination device may include other coroponents or arrangements. For example,
source device 102 may receive video data from an extemal video source, such as an
external camera. Likewise, destination device 116 may interface with an external
display device, rather than include an ntegrated display device.

10028} System 100 as shown 1o FIG. 1 18 merely one example. In general, any digital
video encoding and/or decoding device may perform techniques for coding motion

mformation for multi-hypothesis inter-prediction. Source device 102 and destination
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device 116 are merely examples of such coding devices in which source device 102
generates coded video data for transmission to destination device 116, This disclogure
refers to a “coding” device as a device that performs coding (encoding and/or decoding)
of data. Thus, video encoder 200 and video decoder 300 represent examples of codimg
devices, in particular, a video encoder and a video decoder, respectively. In some
examples, source device 102 and destination device 116 may operate in a substantially
symmetrical manner such that gach of source device 102 and destination device 116
mcludes video encoding and decoding components. Hence, system 100 may support
one-way or two-way video fransmission between source device 102 and destination
device 116, ¢.g., for video streaming, video plavback, video broadcasting, or video
telephony.

{8629} In general, video source 104 represents a source of video data (1.¢., raw, uncoded
video data) and provides a sequential series of pictures {(also referred 1o as “frames™) of
the video data fo video encoder 200, which encodes data for the pictures. Video source
104 of source device 102 may include a video capture device, such as a video camera, a
video archive containing previously captured raw video, and/or a video feed mterface to
receive video from a video content provider. As a further alternative, video source 104
may generate computer graphics-based data as the source video, or a combmmation of
hive video, archived video, and computer-generated video. In each case, video encoder
200 encodes the captured, pre-captured, or computer-generated video data. Video
encoder 200 may warrange the pictures from the received order (sometimes referred to
as “display order”) mto a coding order for coding. Video encoder 200 may gencrate a
bitstream including encoded video data. Source device 102 may then output the
encoded video data via output interface 108 onto computer-readable medium 110 for
recepiion and/or retrieval by, e.g., input interface 122 of destination device 116.

18038} Memory 106 of source device 102 and memory 120 of destination device 116
represent general purpose memories. In some examples, memories 106, 120 may store
raw video data, ¢.g., raw video from video source 104 and raw, decoded video data from
video decoder 300, Additionally or alicmatively, memones 106, 120 may store software
mstructions execatable by, e.g., video encoder 200 and video decoder 300, respectively.
Although memory 106 and memory 120 are shown separately from video encoder 200
and video decoder 300 in this example, it should be understood that video encoder 200
and video decoder 300 may also include tnternal memortes for functionally similar or

cquivalent purposss. Furthermore, memories 106, 120 may store encoded video data,
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¢.g., output from video encoder 200 and raput to video decoder 300, Tn some examples,
portions of memornies 166, 120 may be allocated as one or more video buffers, e.g., o
siore raw, decoded. and/or encoded video data.

{18031} Computer-readable medivm 110 may represent any type of medivm or device
capable of transporting the encoded video data from source device 102 to destination
device 116, In one example, computer-readable medium 10 represents a
communication mediam to enable source device 102 to transmit encoded video data
directly to destination device 116 in real-time, ¢.g., via a radio frequency network or
computer-based network. Output interface 108 may modulate a transmission signal
meluding the encoded video data, and mput interface 122 may demodulate the received
transmission signal, according to a communication standard, such as a wireless
communication protocol. The communication medium may comprise any wireless or
wired communication medium, such as a radio frequency (RF} spectrum or one or more
physical fransmisgion lines. The communication medium may form part of a packet-
based network, such as a local area network, a wide-area network, or a global network
such as the Internet. The communication mediwm may include routers, switches, base
stations, or any other equipment that may be useful to tacilitate communication from
soarce device 102 to destination device 116.

{8632} In some examples, source device 102 may output encoded data from output
mnterface 108 to storage device 112, Similarly, destination device 116 may access
encoded data from storage device 112 via inpuf interface 122, Storage device 112 may
mclade any of a variety of distributed or locally accessed data storage media such as a
hard drive, Blu-ray discs, DVDBs, CD-ROMs, flash memory, volatile or non-volatile
memory, or any other suitable digital storage media for storing cucoded video data.
{8633} In some examples, source device 102 may outpui encoded video data to file
server 114 or another intermediate storage device that may store the encoded video data
generated by source device 102, Destination device 116 may access stored video data
from file server 114 via streaming or download.

{3034} File server 114 may be any type of server device capable of storing encoded
video data and transmitting that encoded video daia to the destination device 116, Fike
server |14 may represent a web server (e.g., for a website), a server contfigured to
provide a file transfer protocol service {such as File Transfer Protoco! (FTP)Y or Fie
Belivery over Unidirectional Transport {FLUTE} protocol), a content delivery network

{CDN} device, a hypertext transfer protocol (HTTP) server, a Multimedia Broadceast
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Multicast Service (MBMS) or Enhanced MBMS (cMBMS) server, and/or a network
attached storage (NAS) device. File server 114 may, additionally or aliernatively,
mnplement one or more HTTP streaming protocols, such as Dynamic Adaptive
Streaming over HUTP (BASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocol (RTSP), HTTP Divoamic Streanung, or the Hike.

[B035] Destination device 116 may access encoded video data from file server 114
through any standard data connection, imchuding an Intemet connection. This may
mclude a wireless channel {¢.g., a Wi-Fi connection), a wired connection {¢.g., digital
subscriber line (BSL), cable modem, etc.), or a combination of both that 1s suitable for
accessing encoded video data stored on file server 114, Input mnterface 122 may be
configured to operate according (o any one or more of the various protocols discussed
above for retrieving or recetving media data from file server 114, or other such
protocols for retueving media data.

{8636} Cutput mterface 108 and input interface 122 may represent wireless
transmitters/receivers, modems, wired networking components {¢.g., Ethernet cards),
wircless comynunication components that operate according to any of a variety of [EEE
802.11 standards, or other physical components. In examples where output interface
108 and input interface 122 comprise wireless components, output interface 108 and
mput interface 122 may be configured to transfer data, such as encoded video data,
according to a cellular commmunication standard, such as 4G, 4G-LTE (Long-Term
Evolution), LTE Advanced, 56, or the hike. In some examples where output interface
108 comprises a wireless transmitter, outpot interface 108 and input mterface 122 may

be configured to transfer data, such as encoded video data, according to other wireless

standards, such as an IEEE 802.11 specification, an IHEE 80215 specification (e g,
FigBee™), a Bluetooth™ standard, or the like. In some examples, source device 162
and/or destination device 116 may mehde respective system-on-a-chip {(So{”} devices.
For example. source device 102 may include an 5oC device to perform the functionality
attributed to video encoder 200 and/or output interface 108, and destination device 116
may 1nclude an 5o device to perform the functionality atirtbuted to video decoder 300
and/or tnput interface 122

16637} The techniques of this disclosure may be applied to video coding in support of
any of a variety of multimedia applications, such as over-the-air television broadcasts,
cable television transmissions, satellite television transmissions, Intemet streaming

video transmissions, such as dynamic adaptive streaming over HTTE (DASH), digital
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video that is encoded onto a data storage medium, decoding of digital video stored ona
data storage medium, or other apphcations.

{8638} Input mterface 122 of destination device 116 receives an encoded video
bitstrean from computer-readable medivm 110 {e.g., a communication medium, storage
device 112, file server 114, or the bike). The encoded video bitstream may include
signaling mformation defined by video encoder 200, which 1s also used by video
decoder 300, such as syntax clements having vahies that deseribe characteristics and/or
processing of video blocks or other coded units {e.g., slices, pictures, groups of pictures,
sequences, or the like). Display device 118 displavs decoded pictures of the decoded
video data to a user. Display device 118 may represent any of a vanety of display
devices such as a hquad erystal display (LCD), a plasma display, an organic hght
emitting diode {OLED) display, or ancther type of display device.

{3039] Although not shown i FIG. 1, i some examples, video encoder 200 and video
decoder 300 may each be mtegrated with an audio encoder and/or audio decoder, and
may include appropriate MUX-DEMUX units, or other hardware and/or software, to
handle multiplexed streams including both andio and video 10 a common data stream.
18648} Video encoder 200 and video decoder 300 each may be implemented as anv of a
varicty of suitable encoder and/or decoder circuitry, such as one or more
microprocessars, digital signal processors {D5Ps), application specific integrated
circuits {ASICs), ficld progranmmable gate arrays (FPGAs), discreie logic, software,
hardware, firmware or any combmnations thereof. When the techmiques are implemented
partially in software, a device may store wnstructions for the software in a suitable, non-
transitory compuier-readable medium and execute the instructions in hardware using
One OF MoTe processors to perform the technigues of this disclosure. Each of video
encoder 200 and video decoder 300 may be mcluded m one or more encoders or
decoders, either of which may be integrated as part of a combined encoder/decoder
{CODEC) mn arespective device. A device mehuding video encoder 200 and/or video
decoder 300 may comprise an integrated circuit, a microprocessor, and/or a wireless
commumnication device, such as a cellular telephone.

68841} Video encoder 200 and video decoder 300 may operate according {0 a video
coding standard, such as VTU-T H.263, also referred to as High Efficiency Video
Coding (HEV() or extensions thereto, such as the multi~view and/or scalable video
coding extensions. Alternatively, video encoder 200 and video decoder 300 may

operate according to other proprictary or industry standards, such as ITU-T H.266, also
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referred to as Versatile Video Coding (VVC). In other examples, video encoder 200
and video decoder 300 may operaie according fo a proprietary video codec/format, such
as AOMedia Video 1 (AV 1), extensions of AV and/or successor versions of AV (e.g.,
AVZ). In other examples, video encoder 200 and video decoder 300 may operate
according to other proprictary formats or industry standards. The technigues of this
disclosure, however, are not imited {o any particular coding standard or format. In
general, video encoder 200 and video decoder 300 may be configured to perform the
technigques of this disclosure in conjunction with any video coding technigues that code
motion information for multi-hypothesis inter-prediction.

{8642} In general, video encoder 200 and video decoder 300 may perform block-based
coding of pictures. The term “block™ generally refers to a structure including data to be
processed {¢.g., encoded, decoded, or otherwise used o the encoding and/or decoding
process). For example, a block may include a two-dumensional matrix of samples of
tuminance and/or chrominance data. In gencral, video encoder 200 and video decoder
300 may code video data represented ina YUV {e.2.. Y. Cb, Cr) format. That ig, rather
than coding red, green, and blue (RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code lununance and chrominance components, where the
chrominance components may include both red e and bhue hue chrominance
components. In some examples, video encoder 260 converts received RGB formatted
data to a YUV representation prior to encoding, and video decoder 300 converts the
YUV representation to the RGB format, Alternatively, pre- and post-processing units
{not shown} may perform these conversions.

10643} This disclosure may generally refer to coding {(¢.g., encoding and decoding) of
pictures to include the process of encoding or decoding data of the picture. Sinularly,
this disclosure may refer to coding of blocks of a picture to include the process of
encoding or decoding data for the blocks, e.g., prediction and/or residual coding. An
encoded video bitstream generally inchides a series of values for syntax elements
representative of coding decisions (¢.g., coding modes) and partitioning of pictures mnto
blocks. Thus, references fo coding a picture or a block should generally be understood
as coding values for syntax elements forming the picture or block.

10644} HEVC defines various blocks, mcluding coding units (CUs), prediction units
{PUs}, and transform units {TUs). According to HEV(, a video coder {such as video
encoder 200} partitions a coding tree untt ({CTU}Y into CUs according to a quadiree

structure. That is, the video coder partitons CTUs and ClUs into four equal, non-
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overlapping squares, and cach node of the quadtree has either zero or four child nodes.
MNodes without child nodes may be referred to as “leatnodes,” and CUs of such leaf
nodes may inchude one or more PUs and/or one or more TUs. The video coder may
further partition PUs and TUs. For example, m HEVC, a residual quadtres (RQT)
represents partiioning of TUs. In HEVC, PUs represent Uder-prediction data, while
TUs represent residual data. Cls that are inira-predicted mchude mtra-prediction
mwformation, such as an intra<mode indication.

103645} As another example, video encoder 200 and video decoder 300 may be
contigured to operate according to VVC. According to VV, a video coder (such as
video encoder 200} partitions a picture into a plurality of coding tree units (CTUs).
Video encoder 200 may partition a CTU according to a tree strocture, suchas a
quadtree-bimary tree ({QTBT) structure or Multi-Type Tree (MTT) structure. The QTBT
structure removes the concepts of multiple partition types, such as the separation
between CUs, PUs, and TUs of HEVC, A QTBT structare includes two levels: a first
level partitioned according to guadtree partitioning, and a second fevel partitioned
according to binary free partitioning. A root node of the QTBT structure corresponds to
a UTU. Leaf nodes of the binary trees correspond to coding units {Cls).

{8646} In an MTT partitioning structure, blocks may be partitioned using a quadiree
{QT) partition, a binary tree (BT) partition, and one or more types of triple tree (T1)
{also called temary tree (T1)) partitions. A triple or termary tree partition is a partition
where a block 1s split mnio three sub-blocks. In some examples, a triple or ternary tree
partition divides a block into three sub-blocks without dividing the original block
through the center. The partitioning types in MTT (e.g.. QT, BT, and TT), may be
symmetrical or asynunetrical.

18047} When operating according to the AV codec, video encoder 200 and video
decoder 300 may be configured to code video data in blocks. In AV, the largest coding
block that can be processed is called a superblock. In AV, a superblock can be gither
128128 luma samples or 54%64 lwma samples. However, m successor video coding
formats {e.g., AV 2}, a superblock may be defined by different {e g, larger} luma sample
sizes. In some examples, a superblock is the top level of a block quadtres. Video
encoder 200 may further partition a superblock nto smaller coding blocks., Video
encoder 200 may partition a superblock and other coding blocks 1o smaller blocks

asing square or nop-square partitioning. Non-square blocks may include N/2xN,
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MNHNSZ, NAxN, and NxN/4 blocks. Video encoder 200 and video decoder 300 may
perform separate prediction and transtform processes on each of the coding blocks.
18048] AV also defines a tile of video data. A tile is a rectangalar array of superblocks
that may be coded independently of other tiles. That is, vides encoder 200 and video
decoder 300 may encode and decode, respectively, coding blocks within a tile without
using video data from other tiles. However, video encoder 200 and video decoder 300
may perform filtering across tile boundaries. Tiles may be umform or non-uniform
size. Tue-based coding may cnable parallel processing and/or multi-threading for
encoder and decoder implementations.

18049 In some examples, video encoder 200 and video decoder 300 may use a single

o

3TBT or MTT struchire to represent each of the luminance and chrominance
components, while in other examples, video cncoder 200 and video decoder 300 may
use two or more QTRT or MTT structures, such as one QTRT/MTT structure for the
tuminance component and another QTBT/MTT structure for both chrominance
components (or two QTBT/MTT structures for respective chrominange components),
106638} Video encoder 200 and video decoder 300 may be configured to use quadtree
partitioning, GTBT partitioning, MTT partitioning, superblock partitioning, or other
partitioning structures.

{8051} In some examples, a UTU mehades a coding tree block (CTB) of fuma samples,
two corresponding CTBs of chroma samples of a picture that has three sample arrays, or
a CTB of samples of a monochrome picture or a picture that 1s coded using three
separate color plangs and syntax structures used to code the samples. A UTB may be an
NxN block of samples for some value of N such that the division of a component o
CTBs is a partitioning. A comgponent may be an array or single sample from one of the
three arrays (luma and two chroma) for a picture in 4:2:0, 4:2:2, or 4:4:4 color format,
or an array or a single sample of the array for a picture in monochrome format. In some
cxamples, a coding block 1s an MxN block of samples for some values of M and N such

that a division of a CTB into coding blocks 1s a partitioning.

{88632} The blocks {e.g., CTUs or CUs) may be grouped in varnous ways in a picture,
As one example, a brick may refer to a rectangudar region of CTU rows within a
particular tile in a picture. A tile may be a rectangular region of CTUs within a
particular tile coluran and a particular tile row m a picture. A tile columon refersto a
rectangular region of UTUs having a height equal to the height of the pictare and 2

width specified by syntax cloments {e.g., such as v a picture parameter set). A tile row

<
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refers to a rectangular region of CTUs having a height specified by syntax clements
{c.g., such as in a picture parameter set) and a width equal to the width of the picture.
18053} In some examples, a tile may be partitioned into moltiple bricks, cach of which
may include one or more CTU rows within the tile. A tile that is not partitioned nto
multiple bricks may also be referred to as abrick. However, a buck that is a true subset
of a tile may not be referred to as a tile. The bricks in a picture may also be arranged m
ashice. A shee may be an integer number of bricks of a picture that may be exclusively
contained in a single network abstraction layer (NAL) wit. In some examples, a shice
mcludes cither a number of complete tiles or only a consecutive sequence of complete
bricks of one tile.

8654} This disclosure may use “NxN7 and “N by N7 interchangeably to refer to the
sample dimensions of a block {such as a CU or other video block} in terms of vertical
and honzontal dimensions, ¢.g., 16x16 samples or 16 by 16 samples. fu general, a
16x16 CU will have 16 samples in a vertical direction (v = 16} and 16 samplesin a
horizontal direction {x = 16). Likewise, an NxN CU generally has N samples in a
vertical direction and N sampies in a honizontal direction, where N represents a
nonnegative integer value. The samples in a CU may be arranged in rows and columns.
Morcover, CUs need not necessarily have the same number of samples m the horizontal
direction as in the vertical direction. For example, CUs may comprise NxM samples,
where M is not necessarily equal to N

[B835] Video encoder 200 encodes video data for CUs representing prediction and/or
residual mformation, and other information. The prediction information indicates how
the CU is to be predicted in order to form a prediction block for the CU. The residual
mformation generally represents sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

8656} To predict a CU, video encoder 200 may generally form a prediction block for
the CU through inter-prediction or intra-prediction. Inter-prediction generally refers to
predicting the CU from data of a previously coded picture, whereas intra-prediction
generally refers to predicting the CU from previously coded data of the same picture.
To perform mter-prediction, video encoder 200 may gencrate the prediction biock using
one of more motion vectors. Yideo encoder 200 may generally perform a motion search
to idendify a reference block that closely matches the CU, ¢ g, in terms of differences
between the CU and the reference block. Video encoder 200 may calenlate a difference

metric using a sum of absolute difference (8AD), sum of squared differences {(§5D),
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mean absolute difference (MAD), mean squared differences (MSD), or other such
difference calculations to determine whether a reference block closely matches the
current CU. In some examples, video encoder 200 may predict the corrent CU using
pni-directional prediction or bi-directional prediction.
{8657} In HEVC, as one example, a bi~directional prediction {also referred 1o as a bi-
prediction) signal 1s generated by averaging two prediction signals obtained from two
different reference pictures and/or using two different motion vectors. In VV(, as
another example, the bi-prediction mode s extended bevond simple averaging to allow
weighted averaging of the two prediction signals. The following equation represents
one example of generation of a prediction block using bi-prediction:

Byiprea = ((8 —wix Py w e P+ 4) 3 {H)
10058] In equation (1) above, Priyreq Topresents a prediction block formed using bi-
prediction, Po represents a first prediction biock formed from a first set of motion
mformation and a first reference pictars, Pi represents a second prediction block formed
from a second st of motion information and a second reference picture, w represents 3
weight value, and *>>"" represents a bitwise night-shafi operator. In VVC, five weight
values for w are allowed in the weighted averaging bi-prediction, w € {—2,3,4,5, 10}
For cach bi-predicted CU, the weight w is detemmined 1o one of two ways: 1} for a nou-
merge CU, the weight index is signalled after the motion vector difference; 2) for a
merge LU, the weight index is inforred from neighbouring blocks based on the merge
candidate index. In VVC, bi-prediction with CU-level weights (BCW) is only applied
to CUs with 256 or more luma samples (e, CU width times CU height 1s greater than
or equal to 256}, For low-delay pictures, all 53 weights are used. For non-low-delay
pictures, only 3 weights (we& {345} are used.
18659} In HEV{, video coders may code motion vector differences (MVDs),
representing differences between the motion vector and prodicted motion vector of a
CU, in units of quarter-luma-sample when use _integer mv_flag {that 15, a syntax
clement representing whether integer-level or sub-integer level precision is used) is
equal to 0 (indicating sub-integer precision} in the slice header. VVC introduced a CU-
level adaptive motion vector resolution (AMVYR) scheme. AMVYR allows the MVD of
the CU to be coded in a different precision. Depending on the mode {¢.g., normal
AMVYP mode or affine AVMP mode) for the current CU in VVC, the MVDs of the

current CU can be adaptively selected as follows:
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=  Normal AMVP mode guarter-iuma-sample, half-luma-sample, mteger-luma-
sampie or four-luma~sample.
s Affine AMVP mode: quarter-luma-sample, integer-luma-sample or 1/16 luma-
sampie.

688660} The video coder may conditionally code a CU-level MVD resolution if the
current CU has af least one non-zero MVD component, per VVC. Hfali MVD
components {that is, both horizontal and vertical MVDs for reference list L0 and
reference list L1} are zero, the video coder may infer that quarter-luma-sample MVD
resolation 18 used, without coding additional data to represent the precision {resolotion}.
{8061} For a CU that has at [cast one non-zero MVD component, per VVC, a first flag
is signalled to mdicate whether quarter-luma-sample MVD precision 1s used for the CUL
Ifthe first flag 18 0, no further signaling 1s needed and guarter-luma-sanmple MVD
precision is used for the corrent CU. Otherwise, the video coder codes a second flag
that indicates that half-huna-sample or other MY D precisions (integer or four-tluma
sampic) is used for a normal AMVP CU. Inthe case of half~luma-sample, per VVC, a
6-tap interpolation filter instead of the default 8-tap mterpolation filter is used for the
half-luma sample position. Otherwise, per VVC, a third flag i signalied to mdicate
whether integer-luma-sample or four-luma-sample MV D precision is used for normal
AMVP CU. In the case of affine AMVP CU| the second flag 15 used to indicate whether
mteger-huma-sample or 1/16 luma-sample MVD precision is used. In order to ensare
the reconstructed MV has the intended precision {(quarter-luma-sample, half-luma-
sample, integer-tuma-sample or four-luma-sampie), the video coder may round motion
vector predictors for the CU to the same precision as that of the MVD before adding the
predictors together with the MYD. The video coder may round the motion vector
predictors toward zero (that is, a negative motion vector predictor 1s rounded toward
positive mfinity and a positive motion vector predictor is rounded toward negative
mfinitv}).
{8662} FIG. 2 15 a conceptual diagram iHustrating a table representing an example
scheme for uni-prediction motion vector selection for geometric partitioning mode
(GPM). VVCincludes GPM for witer-prediction. In VVC, the geometric partitioning
mode 18 signalled using a CU-level flag as one kind of merge mode, with other merge
modes including the regular merge mode, the merge with MYD (MMVDE) mode, the

cross-component intra prediction (CHP) mode and the subblock merge mode. In total,
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64 partitions are supported by geometric partitioning mode for each possible CU size
w X ko 27w 27 with myn € {3+ 6] excluding 8x64 and 64x8.
{8663} When this mode 15 used, per YV, a CU s sphit into two parts by a
geometrically located straight line. Hach part of a geometric partition in the CU 15 nter-
predicted using its own motion; onfy uni-prediction 13 allowed for cach partition, that is,
cach part has one motion vector and one reference index. The uni-prediction motion
constraint is apphied {0 ensure that same as the conventional bi-prediction, only two
motion compensated prediction are needed for cach CU. The uni-prediction motion for
cach partition is derived using the process described n the following:
The uni-prediction candidate hst is derived directly from the merge
candidate hst constructed according to the extended merge prediction
process in VYV, Denote n as the index of the sui-prediction motion in the
geometric uni-prediction candidate list. The LX motion vector of the n-th
extended merge candidate, with X equal to the panity of n, is used as the n-
th uni-prediction motion vector for geometnie partitioning mode. These
motion vectors are marked with “x7 in FIG. 2. In case a corresponding LX
motion vector of the n-the extended merge candidate does not exast, the L{}
— X} motion vector of the same candidate 15 used nstead as the uni-
prediction motion vector for geometric partitioning mode,
18064} If geometric partitioning mode 18 used for the carrent CU, per VVC, the video
coder may further code a geometric partifion index indicating the partition mode of the
geometne partition {angle and offset), and two merge mdices {one for cach partition).
According to VV, the number of maximum GPM candidate size is coded exphiently m
a sequence parameter set (8PS and specifics syatax binarization for GPM merge
mdices. After predicting each of part of the geometric partition, the video coder may
adjust sample values along the geometric partition edge using a blending processing
with adaptive weights.
{8665} In nearly all previous and current video coding standards, video codeors may
employ either uni~direction or bi-direction to temporally predict blocks of video data,
which s a single prediction hypothesis. Multiple hyvpothesis prediction (MHP) was
described in Winken et al., “Muiti-hypothesis inter-prediction,” 10 Meeting of JVET
of ITU-T SG 16 WP 3 and ISOAEC JTC I/SC 29/WG 11, Aprd 10-20, 2018, docoment
no IVET-J0041; Winken et al, “CE10: Multi-Hypothesis Inter Prediction (Tests 1.5 -
1.8),” 1% Meeting of IVET of ITU-T 8G 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11,
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Faly 10-18, 2018, document JVET-K0269; Winken et al, “CE1O: Multi-Hypothes:s
Inter Prediction (Tests 1.2.a~ 1 2.¢).” 12% Meeting of JVET of ITU-T §G 16 WP 3 and
ISOAEC JTC /BT 29/WG 11, October 3-12, 2018, document JVET-L0148 {(v3); and
Winken et al.. “CE10: Multi-hypothesis inter prediction {Test 10.1.2),” 13" Meeting of
JVET of TTU-T 8G 16 WP 3 and ISG/IEC JTC 1/8C 29/WG 1, January 9-18, 2019,
document no. IVET-MO425. In MHP per VV, an mnter prediction method allows
weighted seperposition of more than two motion-compensated prediction signals. The
resulting overall prediction signal is obtained by sample-wise weighted superposition.
With the uni/bi prediction signal py, p; and the first additional inter prediction
signal/hypothesis ks, the resulting prediction signal p; 1s obtained as follows, per VV:

Pz = {1 — &}pynijp + ahs {2)
18665} In cquation (2), p» ropresents a resulting prediction signal, pusin represents a first
prediction block from a first prediction hypothesis, b3 represents a second prediction
block from a second prediction hypothesis, and o represents a weight value, In VVC,
the weighting factor a is specified by the syntax element add_hyp weight 1dx,

according to the following mapping:

add_bhyp weight idx | «
0 1/4
i ~1/8

{8667} Analogously to above, more than one additional prediction signal can be used.
Per VV{, the resulting overall prediction signal ts accumulated iteratively with each
additional prediction signal, as follows:
Prsr = (3= Qui)Pn + @niiltn (3}
18668} The resulting overall prediction signal is obtained as the last p,, (1.6, the p,
having the largest index n).
{8069} For inter prediction blocks using MERGE mode (but not SKIP mode), additional
wer prediction signals can also be specified. For the additional prediction signals, one
of the two AMVP candidate lists is used, per YV
s If the picture order count (POC) of the reference picture of the additional
prediction signal equals the POC of the used hstl reference picture, the histl
AMVP candidate ist is used.
e Otherwise the listh AMVP candidate hist 1s used.
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{0678} Chang et al., “Compression efficiency methods bevond VVC,” 21" meeting of
IWET of ITU-T SG 16 WP 3 and ISO/AEC JTC 1/SC 29, Jamuary 615, 2021, document
no. JYVET-UG100, describes local iHumination compensation {(LIC). LIC is an mter
prediction techotque to madel local itlumination variation between a current block and
its prediction block as a function of that between current block template and reference
block template. The parameters of the function can be denoted by a seale o and an
offset 5, which forms a hinear equation, that 18, @¥plx}+5 1o compensate Hlummation
changes, where p{x] 13 a reference sample pointed to by MY at a location x on reference
pictare. Since @ and fF can be derived based on carrent block template and reference
block template, no signaling overhead is required for them, except that an LIC flag is
signaled for AMVP maode to indicate the use of LIC.
18071] Local llumunation compensation for uni-prediction mter CUs was also descenibed
i Seregin et al., “CE4-3.1a and CE4-3.1b: Unidirectional local ilumination
compensation with affine prediction.” July 3-12, 2019, document no. JVET-00066,
with the following modifications:
e Intra neighbor samples can be used m LIC parameter derivation;
o 1LIC is disabled for blocks with less than 37 luma samples;
¢  For both non-subblock and affine modes, LIC parameter denvation is performed
based on the template block samples corresponding to the current CU, nstead of
partial template block samples corresponding to first top-left 16x16 umit;
¢ Samples of the reference block femplate are generated by using MO with the
block MV without rounding it to infeger-pel precision.
{0072} Referring again to FIG. 1, according 1o various techoiques of this disclosure,
video encoder 200 and video decoder 300 may be contigured to perform merge mode
for multi-hypothesis inter-prediction. For example, for merge mode for an additional
hypothesis, rather than always coding the reference picture index, motion vector
predictor index, and motion vector difference {as 1n the AMVP mode) for the additional
hypothesis, video encoder 200 and video decoder 300 may code a merge flag to mdicate
whether the motion information for the additional hypothesis is coded using MERGE
mode or AMVP mode. If the merge flag is true, then vides encoder 200 and video
decoder 300 may code a merge mdex to ndicate the merge candidate for the additional

hypothesis. I the merge flag s false, then video encoder 200 and video decoder 300
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may code a reference picture index, motion vector predictor index, and motion vector
difference for the additional hypothesis.

{8673} In some examples, for one or more additional hypotheses, video encoder 200
and video decoder 300 may construct the merge candidates for merge mode for the
additional hypotheses such that cach merge candidate represents a uni-prediction
motion. In some examples, video encoder 200 and video decoder 300 may use the um-
prediction candidate list as in the geometric pasitioning mode, for example as in VYV,
Therefore, merge mode for the additional hypotheses may share the same merge
candidates list as in geometric partitioning mode.

{8674} In other words, to construct the merge candidate hist, when a neighboring block
is predicted using bi-prediction, video encoder 200 and video decoder 300 may
construct cither one or two merge candidates from the neighboring block. When the
neighboring block is predicted using bi-prediction, the neighboring block will include
both first motion nformation for a first motion vector and second motion information
for a second motion vector. Video encoder 200 and video decoder 300 may construct a
merge candidate from cither or both of the first reotion information and/or the second
motion miormation. Thas, video encoder 200 and video decoder 300 may form a uni-
prediction merge candidate from the neighboring block including using one of the first
motion information or the second motion information.  Additionally, video encoder 200
and video decoder 300 may form a second uni~-prediction merge candidate from the
neighboring block using the sccond motion mtormation.

18675} In some examples, video encoder 200 and video decoder 300 may code the
merge flag for the additional hypothesis as the merge flag for the base mode (where
“basc mode” refers 1o the mode on top of which the additional hypothesis 1s applied,
e.g., uni-directional prediction or bi-directional prediction). In some examples, video
encoder 200 and video decoder 300 may use the same CABAC context to code this
merge flag. In other examples, video encoder 200 and video decoder may code the
merge flag for the additional hvpothesis using a new CABAC context that 1s different
from the CABAC context that was used for the merge flag signaled in the base mode.
18676} In some examples, video encoder 200 and video decoder 300 may code the
merge index for the additional bypothesis using the same CABAC context{s) that is/are
used for signaling the merge index for MERGE mode. 1n other examples, video

encoder 200 and video decoder 300 may code the merge index for the additional
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hvpothesis using different CABAC contexi{s) from the CABAC context(s} that is/are
used for coding the merge index in the MERGE mode.

180771 By allowing merge mode to be used to code motion information for an
additional hypothesis according to the technigues of this disclosure, motion information
coded n the bitstream may be reduced. That 1s, rather than coding cach of a candidate
mdex, a motion vector difference, a reference picture list mdicator, and a reforence
mdex as motion information for the additional hvpothesis, video encoder 200 and video
decoder 300 may code a merge index mdicating whether merge mode is used to code
the motion information for the additional hvpothesis, and f so, sunply code a candidate
fndex per merge mode.  In this manner, a more accurate prediction block can be formed
for a current block, and a bitrate associated with coding data used to form the prediction
block can be reduced.

{3878} In some examples, in the case that merge modes are used for multiple additional
hvpotheses, video encoder 200 and video decoder 300 may remove the merge
candidate(s} that was {were) used in previous additional hypothesis from the merge
candidate list for the current additional hvpothesis. Theretore, the sumber of merge
candidates in the current additional hyvpothesis may be reduced. Thus, signaling of the
merge index can be correspondingly modified to save bits. For example, if merge
candidate 1 is used in the ordinal 1% additional hypothesis and the total number of
candidates is N, video encoder 200 and video decoder 300 may remove merge candidate
i from the merge candidate list for the ordinal 2™ additional hypothesis. The total

number of merge candidates for the 2™

additional hypothesis would then be N-1
Therefore, the merge index in the 2° additional hypothesis may be coded with trancated
binarization code, for example, tuneated unary code with the maximum codeword
length being N-1 mstead of N.

{8679} In some examples, video encoder 200 and video decoder 300 may apply local
tumination compensation (LIC) to additional hypotheses in merge and/or AMVYP mode
it LIC 18 applied to the base mode. In other examples, video encoder 200 and video
decoder 300 may mfer that LIC 13 to be applied (o the additional hypotheses it the
additional hypothesis uses AMVP mode and LIC was applied o the base mode. I the
additional hvpothesis uses merge mode and LIC was applied to the base mode, video
encoder 200 and video decoder 300 may code a LIC flag of 2 merge candidaie

representing whether LIC 15 to be applied to the additional hypothesis.
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18088} In VVC, in the case of half-luma-sample MVD resolution, a 6-tap interpolation
filter 1s used mstead of the default 8-tap interpolation filier for the half-luma sample
position. A merge candidate may inherit such filter switching. According to the
techniques of this disclosure, if the mation wnformation for an additional hypothesis is
coded using merge mode, whether to apply an alternative switching filter for
mierpolating a half-luma-sample position or other sample positions may depend on the
merge candidate of the additional hypothesis, instead of that of the base mode.
Alernatively, if the additional hypothesis 1s AMVP mode, whether to appiy an
altemative switching titter for interpolating a halt-luma-sample position or other
positions may depend on whether interpolation filier switching is performed n the base
mode.

{8681} Some examples of VV also provide an affine motion compensation maode,
which may be considered an inter-prediction mode. In affine motion compensation
mode, video encoder 200 may determine two or more motion vectors that represent non-
transiational motion, such as zoom in or out, rotation, perspective motion, or other
irregular motion types.

{8682} To perform mira-prediction, video encoder 200 may select an mtra-prediction
mode to generate the prediction block. Some examples of VVC provide sixty-seven
mitra-prediction modes, including various directional modes, as well as planar mode and
C mode. In general, video encoder 200 selects an intra-prediction mode that describes
neighboring samples to a current block {e.g., a block of a CU) from which to predict
samples of the current block. Such samples may generally be above, above and to the
left, or to the loft of the current block in the same picture as the current block, assuming
video encoder 200 codes CTUs and CUs in raster scan order (loft to right, top to
bottom).

{8683} Video encoder 200 encodes data representing the prediction mode for a current
block. For example, for inter-prediction modes, video encoder 200 may encode data
representing which of the various available inter-prediction modes is used, as well as
motion information for the corresponding mode. For uni-directional or bi-directional
mter-prediction, for example, video encoder 200 may encode motion vectors using
advanced raotion vector prediction {AMVP) or merge mode. Video encoder 200 maay
use simatlar modes to encode motion vectors for affine motion compensation mode.
{8684} AV mchudes two general techniques for encoding and decoding a coding block

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

16083} Following prediction, such as intra-prediction or inter-prediction of a block,
video encoder 200 may calculate residual data for the block. The residual data, such as
a residual block, represents sample by sample differences between the block and a
prediction block for the block, formed using the corresponding prediction mode. Video
encoder 200 may apply one or more transfomms to the residual block, to produce
transformed data in a transform domain mstead of the sample domam. For example,
video encoder 200 may apply a discrete cosine transform (BCT). an integer transform, a
wavelet transtorm, or a conceptually similar transform to residual video data.
Additionally, video encoder 200 may apply a secondary transform following the first
transform, such as a mode-dependent non-separable secondary transform (MDNSST), a
signal dependent transform, a Karhunen-Loeve transform (KLT), or the like. Video
encoder 200 produces transform cocflicicnts following application of the one or more
transforms.

3086} As noted above, following any transforms to produce transform coefficienis,
video encoder 200 may perform quantization of the transform coefficients.
Quantization generally refers 1o a process m which transform coctficients are guantized
to possibly reduce the amount of data used to represent the transform coctficients,
providing further compression. By performing the quantization process, video encoder
200 may reduce the bit depth associated with some or alf of the transform cocfficients.
For example, video encoder 200 may round an #-bit value down to an m-bit value
during quantization, where » 18 greater than m. In some examples, to perform
gquantization, video encoder 200 may perform a bitwise right-shift of the value to be
guantized.

16087} Following quantization, video encoder 200 may scan the transtform cocfficients,
producing a one-dimensional vector from the two-dimensional matrix mnchuding the

quantized transform cosfficients. The scan may be designed to place higher energy {and
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therefore lower frequency) transform coctficients at the front of the veetor and to place
lower energy {and therefore higher frequency) transtorm coefficients at the back of the
vector, In some examples, video encoder 200 may utilize a predefined scan order to
scan the quantized transform coefficients o produce a senalized vector, and then
entropy encode the quantized transform cocflicients of the vector. In other examples,
video encoder 200 may perform an adaptive scan. Afier scanming the quantized
transform coefficients to form the one-dimenstional vector, video encoder 200 may
entropy encode the one~dimensional vector, ¢.g., according to context-adaptive binary
arithmetic coding (CABAC). Video encoder 200 may also entropy encode values for
syntax elements describing metadata associated with the encoded video data for use by
video decoder 300 i decodimg the video data.

{8688} To performy CABAC, video encoder 200 may assign a context within a context
madel 1o a symbol to be transmitted. The context may relate to, for example, whether
neighboring values of the svmbol are zero-valued or not. The probability determination
may be based on a context assigned to the symbol.

8089} Video encoder 200 may further generate syntax data, such as block-based svntax
data, picture~based syntax data, and sequence-based svntax data, to video decoder 300,
¢.g., in a picture header, a block header, a slice header, or other syntax data, such as a
sequence parameter set {SPS), picture parameter set {PPS), or video parameter sot
{VP5). Video decoder 300 may likewise decode such syrtax data to deternune how to
decode corresponding video data.

6690} In this manner, video encoder 200 may generate a bitstream including encoded
video data, ¢ g., syntax elements describing partitioning of a picture into blocks {e.g.,
CUs} and prediction and/or residual information for the blocks. Ultimately, video
decoder 300 may receive the bitstream and decode the encoded video data.

{8691} In general, video decoder 300 performs a reciprocal process to that performed by
video encoder 200 to decode the encoded video data of the bitstream. For example,
video decoder 300 may decode values for syntax clements ot the bitstream using
CABAC in a manner substantially similar to, albeit reciprocal to, the CABAC encoding
process of video encoder 200. The syntax elements may define partitioning information
for partiioning of a picture o CTUs, and partitioning of cach CTU according to a
corresponding partition structure, such as a QTBT structure, to define Cls of the CTU.
The syntax elements may further define prediction and residual mmformation for blocks

{c.g., CUs} of video data.
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106692} The residual information may be represented by, for example, gquantized
transform cocfficients. Video decoder 300 mav inverse quantize and inverse transform
the quantized transform coefficients of a block to reproduce a residual block for the
block. Video decoder 300 uses a signaled prediction mode (intra- or mter-prediction)
and related prediction mformation {¢.g., motion information for nter-prediction) 1o form
a prediction block for the block. Video decoder 300 may then combine the prediction
block and the residual block {on 8 sample-by-sample basis) to reproduace the original
block. Video decoder 300 may perform additional processing, such as performing a
deblocking process to reduce visual artifacts along boundaries of the block.

18693} Thus disclosure may generally refer to “signaling”™ certain information, such as
syntax elements. The term “signaling” may generally refer to the communication of
values for syntax elements and/or other data used to decode encoded video data. That
is, video encoder 200 may signal valucs for svatax clements in the bitstrean. In
general, signaling refers fo generating a value i the bitstream. As noted above, source
device 102 may transport the bitstream to destination device 116 substantially in real
time, or not 1o real tune, such as might occur when storing syntax elements to storage
device 112 for later retrieval by destination device 116,

18094} In this manner, video encoder 200 and video decoder 300 represent examples of
devices for decoding {and/or encoding} video data, including: 3 memory configured to
store video data; and one or more processors implemented 1n cireuttry and configured
to: generate a first prediction block for a current block of video data using a base nter-
prediction mode; code a merge mode syntax element for a second prediction block, the
second prediction block representing an additional prediction hypothesis for the current
block, wherein the merge mode syntax clement indicates whether motion information
for the second prediction block 1s coded using merge mode; code motion mformation
for the second prediction bock according to the merge mode syntax clement, wherein to
code the motion mformation, the one or more processors are configured to, when the
merge mode syatax clement indicates that the motion mformation for the second
prediction block is coded using merge mode, form a merge candidate hist mcluding one
or more merge candidates, each of the merge candidates representing respective sets of
uni~-prediction motion information; generate the second prediction block for the current
block of video data using the motion information; form a multi-hypothesis prediction

block for the current block as a combination of the first prediction block and the second
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prediction block; and decode the current block using the multi-hypothesis prediction
block.

18095 FIG. 3 is a block diagram tHustrating an example video encoder 200 that may
perform the techniques of this disclosure. FIG. 3 is provided for purposes of
cxplanation and should not be considered luntting of the technigues as broadly
exemplified and described in thus disclosure. For purposes of explanation, this
disclosure describes video encoder 200 aceording to the technigues of VVC (ITU-T

H 266, under development), and HEVC (JTU-T H.265). However, the techniques of
this disclosure may be performed by video encoding devices that are configured to other
video coding standards and video coding formats, such as AV 1 and successors to the
AV video coding format.

18696} In the example of FIG. 3, video encoder 200 inchides video data memory 230,
mode selection unit 202, residual generation wmat 204, transform processing unit 206,
quantization unit 208, inverse quantization unit 210, inverse transform processing unit
212, reconstruction vnit 214, filter unit 216, decoded picture buffer (BPB) 218, and
entropy encoding unit 220 Any or all of video data memory 230, mode sclection unit
202, residual generation unit 204, transtorm processing umit 206, quantization unit 208,
mverse quantization unit 210, inverse transform processing umt 212, reconstroction unit
214, filter unit 216, DPB 218, and entropy encoding unit 220 may be implemented in
OnC OF MOTC PIOCCSSOTS OF 1 processing circuitry. For instance, the units of video
encoder 200 may be implemented as one or more circuits or logic elements as part of
hardware circwitry, or as pait of a processor, ASIC, or FPGA. Moreover, video encoder
200 may mclude additional or alicmative processors or processing circniiry to perform
these and other functions,

{8697} Video data memory 230 may store video data to be encoded by the components
of video encoder 200, Video encoder 200 may recetve the video data stored in video
data memory 230 from, for example, video source 104 (FiG. 1), DPB 218 may actasa
reference picture memory that stores reference video data for use m prediction of
subsequent video data by video encoder 2008, Video data memory 230 and DPB 218
may be formed by any of a variety of memory devices, such as dynamic random access
memory {DRAM), including synchronous DRAM (SDRAM), magnetoresistive RAM
{MRAM)], resistive RAM (RRAM), or other types of memory devices. Video data
memory 230 and DPB 218 may be provided by the same memory device or separate

memory devices. In various examples, video data memory 230 may be on-chip with



WO 2022/213026 PCT/US2022/071289

other components of video encoder 200, as illustrated, or off~chip relative 1o those
components.

{8698} In this disclosure, reference to video data memory 230 should not be interpreted
as being himited to memory intemal to video encoder 2040, unless specifically described
as such, or memory extemnal to video encoder 200, unless specifically deseribed as such.
Rather, reference to video data memory 230 should be understood as reference memory
that stores video data that video encoder 200 receives for encoding (e g, video data for
a current block that 15 to be encoded). Memory 106 of FIG. 1 may also provide
temporary storage of outputs from the various units of video encoder 200,

{8699} The various units of FIG. 3 are illustrated to assist with understanding the
operations performed by video encoder 200, The units may be mnplemented as fixed-
function circuits, programmable circuits, or a combination thereof. Fixed-function
circuits refer to circuits that provide particular functionality, and are preset on the
operations that can be performed. Programmable arcuts refer to circuits that can be
programmied to perform various tasks, and provide flexible functionality 1o the
operations that can be performed. For instance, programunable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by instructions of the software or firmware. Fixed-function circuits may
execute software instructions {¢.g., {0 receive parameters or cuiput parameters), but the
types of operations that the fixed-function circuits perform are generally tmmutable. In
some examples, one or more of the units may be distinet circurt blocks (fixed-function
or programmable}, and in some examples, one or more of the unmits may be integrated
CHCUiLS.

10108} Video encoder 200 may include anthmetic logic units (ALUs), elementary
function units {EFUs}, digital circuits, analog circuits, and/or programmable cores,
formed from programmable circuits. In examples where the operations of video
encoder 200 are performed using software executed by the programmable cirants,
memory 106 (F1G. 1) may store the mstructions {e.g., object code) of the software that
video encoder 200 receives and execules, or ancther memory within video encoder 200
{not shown} may store such mstractions.

10101} Video data memory 230 1s configured to store received video data. Video
encoder 200 may retrieve a picture of the video data from video data memory 230 and
provide the video data to residual generation unit 204 and mode selection onit 202.

Video data in video data memory 230 may be raw video data that 1s o be encoded.
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10102} Mode selection unit 202 includes a motion estimation unit 222, a motion
compensation unit 224, and an intra-prediction unit 226, Mode selection unit 202 may
mehude additional functional units to perform video prediction i accordance with other
prediction modes. As examples, mode selection unit 202 may include a paletie unit, an
wira-block copy unit (which may be part of motion estimation unit 222 and/or motion
compensation unit 224}, an affine umit, a inear model (LM) unit, or the hike.

13103} Mode selection anit 202 generally coordinates multiple encoding passes to test
combinations of encoding parameters and resulting rate-distortion values for such
combinations. The encoding parameters may nchude partitioning of CFUs wmio CUs,
prediction modes for the Cls, transform types for residual data of the CUs, guantization
parameters for residual data of the CUs, and so on. Mode sclection unit 202 may
pltimately select the combination of encoding parameters having rate-distortion values
that are better than the other tested combinations.

[104] Video encoder 200 may partition a picture retrieved from video data memory
230 wto a serics of CTUs, and encapsulate one or more CTUs within a shice. Mode
selection untt 207 may partition a CTU of the picture 1o accordance with a tree
structure, such as the MTT structure, QTBT structure. superblock structure, or the quad-
tree structure described above. As described above, video encoder 200 may form one or
more CUs from partitioning a CTU according to the tree stracture. Such a CU may also
be referred to generally as a “video block”™ or “block ”

[105] In general, mode selection wnit 202 also controls the components thereof (e g,
motion estimation unit 222, motion compensation unit 224, and intra-prediction unit
226) to generate a prediction block for a current block (e.g.. a current CU, or in HEVC,
the overlapping portion of a PU and a TU). For inter-prediction of a current block,
motion estimation unit 222 may perform a motion search to identify one or more closely
matching reference blocks 1n one or more reference pictures (¢ ., one or more
previousiy coded pictures stored in BPB 218} In particular, motion estimation unit 222
may calculate a value representative of how similar a potential reference block 15 to the
current block, e.g., according to sum of absolute difference (SAD), sum of squared
differences €550, mean absolute difference (MAD), mean squared differences (MSD),
or the like. Motion estimation umit 222 may generally perform these calculations using
sample-by-sample differcuces between the current block and the reference block being

considered. Motion estimation unit 222 may identify a reference block having a lowest
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value resulting from these caleulations, indicating a reference block that most closely
matches the current block.

{8106} Motion estimation unit 222 may form one or more motion vectors (MVs) that
defines the positions of the reference blocks in the referenee pictures relative to the
position of the current block 1 a current picture. Motion estimation unit 222 may then
provide the motion vectors to motion compensation unit 224, For example, for um-
directional inter-prediction, motion estimation umt 222 may provide a single motion
vector, whereas for bi-directional inter-prediction, motion estimation unit 222 may
provide two motion vectors. Motion compensation unit 224 may then generaic a
prediction block using the motion vectors. For example, motion compensation unit 224
may retrieve data of the reference block using the motion vector. Ag another example,
if the motion vector has fractional sample precision, motion compensation unit 224 may
wierpolate values for the prediction block according to one or more mterpolation filters.
Moreover, for bi-directional inter-prediction, motion compensation unit 224 may
retrieve data for two reference blocks identified by respective motion veciors and
combine the retrieved data, ¢ g., through sample-by-sample averaging or weighted
averaging.

18107} When performing multi-hypothesis inter-prediction, motion estimation unit 222
and motion compensation unit 224 may gencrate one or more additional prediction
blocks as additional hypotheses for a current block using data of BPB 218
Furthermore, video encoder 200 may be configured to apply any of the vanous
technigques of this disclosure for encoding motion information for the one or more
additional prediction hypotheses.

{0108} For example, motion compensation unit 224 may generate both a base mode
hypothesis and an additional hyvpothesis. Motion compensation unit 224 may generate
the base mode hypothesis using uvm-directional or bi-directional inter-prediction.
Motion compensation unit 224 may also generate the additional hypothesis using uni- or
bi~directional inter-prediction. In some examples, the additional hypothesis may be
resincted to uni-directional prediction only. According to the techniques of this
disclosure, mode selection unit 202 may determine whether to encode motion
mformation for the additional hypothesis using merge mode ot AMVYP mode. In
respounse to determining to encode the motion nformation for the additional hypothesis

asing merge mode, mode selection umt 202 may assign a value to a merge mode syntax



WO 2022/213026 PCT/US2022/071289

clement ndicating that the motion information for the additional hypothesis is encoded
using merge mode and encede the motion information nsing merge mode.

{8109} In particular, to encode the motion information for the additional hypothesis
using merge mode, mode selection unit 202 may construct a merge candidate list. That
is, mode selection unit 202 may determine motion information from neighboring blocks
to a current block being encoded and add the motion information for certain neighboring
blocks to the merge candidate list. Mode selection unit 202 may be configared to
restrict merge candidates to be onfy uni-directional prediction candidates {(also referred
1o as “uni-prediction candidates”}. H a neighborimg block 1s predicied using bi-
prediction, mode selection unit 202 may generate one or two merge candidates from the
neighboring block as discussed above with respect to FIG. 2. For example, mode
selection unit 202 may construct a first merge candidate from a first set of motion
mformation for the veighboring block {e.g., L0 motion information) and, in sone
examples, a second merge candidate from a second set of motion information for the
neighboring block {e.g.. L1 motion mformation).

10119 Mode selection unt 202 reay also form a merge mdex having a value ndicating
which of the merge candidates is to be used to encode the motion mformation for the
additional hypothesis. In particular, mode selection umit 202 may determineg whether
any of the merge candidates in the merge candidate list has motion information
matching that formed by motion estunation wnit 222 for the additional hypothesis.
Mode selection unit 202 may select the one of the merge candidates in the merge
candidate list having the matching motion information as the merge candidate to be used
1o encode the motion mformation for the additional hypothesis.

10111} Motion compensation unit 224 may turther combine the base hvpothesis with
the additional hyvpothesis, ¢.g., as an average of or a weighted combination of each
sample on a sampie-by-sample bass. After combining the base hypothesis with the
additional hypothesis, motion compensation unit 224 may provide the resulting
prediction block to residual generation wit 204 and reconstruction unit 214

{3112} In addition or in the alternative, mode selection unit 202 may determine whether
to apply local ihmmination compensation (LIC) to the additional hypothesis according to
whether LIC was applied to the base hypothesis. For example, mode sclection vt 202
may determine that LIC 1s to be applied to the additional hypothesis if LIC was apphed
o the base hypothesis, and not to apply LIC otherwise. As another example, if LIC was

applied to the base hypothesis and motion information for the additional hyvpothesis was



WO 2022/213026 PCT/US2022/071289

[9%)
b

encoded using AMVE, mode selection unit 202 may deternune to perfoom LIC to the
additional hypothesis. Alternatively, if LIC was applied {o the base hypothesis and
motion information for the additional hypothesis was encoded using merge mode, mode
selection unit 202 may determing whether to perform LIC on the additional hypothesis,
and encode a LIC syotax clement {e.g., a LIC flag) indicating whether to perform LIC
on the additional hypothesis.

{3113} In addition or in the alternative, mode selection unit 202 may determine which
of a varigty of imterpolation filters to use to interpolate a value for a half-sample
position. o particular, when a motion vector for a base bypothesis of a previous block
has half-sample precision and 1s encoded using AMVP, and when the previous block s
selected as a candidate for encoding motion information of an additional hypothesis,
mode selection unit 202 may determing to use a six-tap interpolation filter to interpolate
a value for a half-sample position.

{3114} When operating according to the AV video coding format, motion estimation
unit 222 and motion compensation unit 224 may be configured to encode coding blocks
of video data (e.g., both fuma and chroma coding blocks) using translational motion
compensation, affine motion compensation, overlapped block motion compensation
{OBMC}, and/or compound mter-intra prediction.

{8115} As another examople, for intra-prediction, or mtra-prediction coding, intra-
prediction wut 226 may generaie the prediction block from samples neighboring the
current block. For example, for directional modes, intra~-prediction unit 226 may
generally mathematically combine values of neighboring samples and populate these
calculated values in the defined direction across the current block to produce the
prediction block. As another example, for DC mode, mtra-prediction wuit 226 may
calculate an average of the neighboring samples to the current block and generate the
prediction block to include this reselting average for cach sample of the prediction
block.

{3116} When operating according to the AV video coding format, intra-prediction unit
226 may be configured to encode coding blocks of video data {e.g., both luma and
chroma coding blocks) using directional intra prediction, non-directional intra
prediction, recursive filter intra prediction, chroma-~-from-luma (CFL) prediction, ntra
block copy (IBC), and/or color paletic mode. Mode sclection unit 202 may include
additional functional units to perform video prediction i accordance with other

prediction modes.
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16117} Mode selection unit 202 provides the prediction block to residual generation unit
204. Residual generation unit 204 recerves a raw, uncoded version of the current block
from video data memory 230 and the prediction block from mode sclection unit 202.
Residual generation unit 204 calculates sample-by-sample differences betwoen the
current block and the prediction block. The resulting sample-by-sample differences
define a residual block for the current block. In some examples, residual generation unit
204 may also determine differences between sample vahues i the residual block to
generate a residual block using residual differential pulse code modulation (RDPCM).
In some examples, residual gencration unit 204 may be formed using one or more
subtractor circuits that perform binary subtraction.

{8118} In examples where mode selection unit 202 partitions CUs mto PUs, each PU
may be associated with a luma prediction unit and corresponding chroma prodiction
units. Video encoder 200 and video decoder 300 may support PUs having various sizes.
As indicated above, the size of a CU may refer to the size of the luma coding block of
the CU and the size of a PU may refer to the size of a luma prediction unit of the PU.
Assuming that the size of a particular CU 15 2Nx2N, video encoder 200 may support PU
sizes of ZNx2N or NxN for intra prediction, and symmetric PU sizes of 2Nx2N, 2NxN,
Nx2ZN, Nx<N, or similar for inter prediction. Video encoder 200 and video decoder 300
may also support asymmetric partitioning for PU sizes of 2NxoU, 2NxnD, nlLx2N, and
nRxZN for inter prediction.

{3119} In examples where mode selection umt 202 does not further partition a CU into
PUs, cach CU may be associated with a luma coding block and corresponding chroma
coding blocks. As above, the size of a CU may refer to the size of the luma coding
block of the CU. The video encoder 200 and video decoder 300 may support CU sizes
of 2NxZN, 2NxN, or Nx2N.

{8128} For other video coding technigues such as an intra-block copy mode coding, an
affine-mode coding, and lincar model (L M) mode coding, as some examples, mode
sclection unit 202, via respective units associated with the coding techmiques, generates
a prediction block for the current block being encoded. In some examples, such as
palette mode coding, mode selection unit 202 may not generate a prediction block, and
rastead generate syatax clements that indicate the manner in which to reconstruct the
block based on a selected palette. In such modes, mode selection unit 202 may provide

these syntax elements to entropy encoding unit 220 o be encoded.
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{0121} As described above, residual generation unit 204 recerves the video data for the
current block and the corresponding prediction block. Residual generation unit 204 then
generates a residual Block for the current block. To generate the residual block, residual
generation wiut 204 calculates sample-by-sample differences between the prediction
black and the current block.

{122} Transform processing unit 206 applies one or more transforms 1o the residual
block to generate a block of transform coefficients (referred to hercin as a “transform
coefficient block™). Transform processing unit 206 may apply various transforms 1o a
residual block to foom the transform coefficient block. For example, transform
processing unit 206 may apply a discrete cosing transform (DCT), a directional
transform, a Karhunen-Loeve transform (KLT}, or a conceptually similar transform (o a
residoal block. In some examples, transform processing unit 206 may perform multiple
transforms to a residual block, e.g., a primary transform and a secondary transform,
such as a rotational transform. In some examples, transform processing vt 206 does
not apply fransforms o a resideal block.

{0123} When operating according to AV, transtorm processing unit 206 may apply one
or more transforms to the residual block o generate a block of transform coefficients
{referred to herein as a “transform coefficient block™). Transform processing unit 206
may apply vanous transforms to a residual block to form the transform coefficient
black. For example, transtorm processing unit 206 meay apply a hornizontal/vertical
transform combination that may include a discrete cosine transform (DT, an
asymmetric discrete sine transform (ADST), a flipped ADST (c.g.. an ADST i reverse
order), and an identity transform (JDTX). When using an identity transform, the
transform is skipped in one of the vertical or horizontal directions. In some examples,
transform processing may be skipped.

8124} Quantization onif 208 may quantize the transform coefficients in a transform
coefficient block, to produce a quantized transform coefficient block. Quantization unit
208 may guantize transform cocfficients of a transform cocfficient block according to a
quantization parameter () value associated with the current block. Video encoder
200 {e.g., via mode selection wmit 202} may adjust the degree of quantization applied to
the transform coefficient blocks assoctated with the current block by adjusting the QP
value associated with the CU. Quantization may indroduce loss of information, and
thus, quantized transform coefficionts may have lower precision than the ornginal

transform coefficients produced by transform processing anit 206,
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10128} Inverse quantization wit 210 and imverse transform processing unit 212 may
apply inverse quantization and inverse transforms to a guantized transform coetficient
block, respectively, to reconstruct a residual block from the transform coefficient block.
Reconstruction unit 214 may produce a reconstructed block corresponding to the current
black {albeit potentially with some degree of distortion) based on the recounstructed
residual block and a prediction block generated by mode selection unit 202, For
gxample, reconstruction unit 214 may add samples of the reconstructed residual block to
corrgsponding samples from the prediction block generated by mode selection unit 202
to produce the reconstructed block.

{8126} Filter unit 216 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 216 may perform deblocking operations to reduce
blockiness artifacts along edges of CUs. Operations of filter unit 216 may be skipped,
in some examples.

{3127} When operating according to AV1, filter unit 216 may perform one or more
filter operations on reconsirucied blocks. For example, filter unit 216 may perform
deblocking operations 1o reduce blockiness artifacts along edges of ClUs. In other
examples, filter umt 216 may apply a constrained directional enhancement filter
{CDEF), which may be applied after deblocking, and may include the apphcation of
non-s¢parable, non-lincar, low-pass directional filters based on estimated edge
directions. Filter unit 216 may also include a loop restoration filter, which 1s applied
after CDEF, and may mnclude a separable symmetric normalized Wiener filter or a dual
self-guided filter.

10128} Video encoder 200 stores reconstrnucted blocks in DPB 218, For instance, 1n
exarples where operations of filter unit 216 are not performed, reconstruction unit 214
may store reconstructed blocks to DPB 218, In examples where operations of filter unit
216 are performed, filter unit 216 may store the filtered reconstructed blocks to DIFB
218, Motion estimation unit 222 and motion compensation voit 224 may retricve a
reference picture from DPB 218, formed from the reconstructed (and potentially
filtered} blocks, to inter-predict blocks of subsequently encoded pictures. In addition,
mtra-prediction unit 226 may use reconstructed blocks 1in DPB 218 of a current picture
1o intra~predict other blocks i the current picture.

10129} In general, eontropy encoding unit 220 may cotropy encode syniax clements
recetved from other functional components of video encoder 200, For example, entropy

encoding unit 220 may entropy encode guantized transform coefficient blocks from
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guantization unit 208. As another example, entropy encoding vntt 220 may entropy
encode prediction svntax clements {e.g., motion mformation for inter-prediction or
mira-mode mformation for mtra-prediction) from mode selection unit 202, Entropy
encoding unit 220 may perform one or more entropy encoding operations on the syntax
clements, which are another exampie of video data, to generate entropy-encoded data.
For example, entropy encoding unit 220 may perform a context-adaptive vanable length
coding (CAVLC) operation, a CABAC operation, a vanable-to-variable (V2V} length
coding operation, a syntax-based context-adaptive binary arithmetic coding (SBAC)
operation, a Probability Interval Partitioning Eotropy (PIPE) coding operation, an
Exponential-Golomb encoding operation, or another type of entropy encoding operation
on the data. In some examples, entropy enceding umit 220 may operate in bypass mode
where syntax elements are not entropy encoded.

{3136} Video encoder 200 may output a bitstream that mcludes the entropy encoded
syntax elements necded to reconstruct blocks of a slice or picture. In particular, entropy
encoding unit 220 may output the bitstream.

10131} In accordance with AV, entropy encoding unit 220 may be configured as a
symbol-to-symbol adaptive multi-symbol anthmetic coder. A syntax element in AV
mechudes an alphabet of N clemenis, and a context {e.g., probability model) includes a
set of N probabilities. Entropy encoding wmit 220 may store the probabilitics as n-bit
{c.g., 15-bit) cumulative distribution functions (CDFs). Entropy encoding unit 220 may
perform recursive scaling, with an update factor based on the alphabet size, to update
the contexis.

103132} The operations described above are described with respect to a block. Such
description should be understood as being operations for a luma coding block and/or
chroma coding blocks. As described above, in some examples, the luma coding block
and chroma coding blocks are huma and chroma components of a CU. In some
examples, the luma coding block and the chroma coding blocks are luma and chroma
components of a PU.

{3133} In some examples, operations performed with respect to a luma coding block
need not be repeated for the chroma coding blocks. As one example, operations to
identify a motion vector (MV) and reference picture for a luma coding block need not
be repeated for identifving a MV and reference picture for the chroma blocks. Rather,
the MV for the tuma coding block may be scaled to determine the MV for the chroma

blocks, and the reference picture may be the same. As another example, the intra-
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prediction process may be the same for the tuma coding block and the chroma coding
blocks.

{8134} FIG. 4 s a block diagram thustrating an example video decoder 300 that may
perform the technigues of this disclosure. FIG. 4 is provided for purposes of
cxplanation and is not Lnuting on the techniques as broadly exemplified and described
mn this disclosure. For purposes of explanation, this disclosure deseribes video decoder
300 according 1o the techniques of VVC (FTU-T H.266, under development}, and
HEVC (JTU-TH.265). However, the techniques of this disclosure may be porformed
by video coding devices that are configured to other video coding standards.

{8135} In the example of FIG. 4, video decoder 360 inchudes coded picture buffer
{(CPB} memory 320, entropy decoding wvuit 302, prediction processing unit 304, inverse
quantization unit 306, inverse transform processing unit 308, reconstraction umt 310,
fulter wnut 312, and decoded picture buffer (DPB) 314, Any or all of CPB merory 320,
entropy decoding wnit 302, prediction processing unit 304, inverse guantization unit
306, inverse transform processing unit 308, reconstruction unit 310, filter wit 312, and
DPB 314 may be implemented in one or more processors or i processing circuitry. For
nstance, the units of video decoder 300 may be implemented as one or more circuifs or
logic elements as part of hardware circuitry, or as part of a processor, ASIC, or FPGA.
Morcover, video decoder 300 may include additional or alternative processors or
processing circuitry to perforra these and other functions.

{3136} Prediction processing unit 304 includes motion compensation umt 316 and mtra-
prediction onit 318, Prediction processing unit 304 may inclade additional anits to
perform prediction in accordance with other prediction modes. As examples, prediction
processing unit 304 may melude a paletie unit, an intra-block copy unit {which may
form part of motion compensation umit 316), an affime unit, a lincar mode! (EM) unit, or
the like. In other examples, video decoder 300 may inchude more, fower, or different
functional components.

{3137} When operating according to AV, compensation unit 316 may be configured to
decode coding blocks of video data {¢.g., both luma and chroma coding blocks) using
translational motion compensation, affine motion compensation, OBMC, and/or
compound micr-intra prediction, as described above. Intra-prediction vott 318 may be
configured to decode coding blocks of video data {e.g., both luma and chroma coding

N

blocks} using directional intra prediction, non-directional intra prediction, recursive
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filter mitra prediction, CFL, otra block copy (1BC), and/or color palette mode, as
described above.

{8138] CPB memory 320 may store video data, such as an encoded video bitstream, to
be decoded by the components of video decoder 300, The video data stored m CPB
memory 320 mav be obtained, for example, from compuier-readable medium 110 (FIG.
1}. CPB memory 320 may include a CPB that stores encoded video data (e.g., syntax
clements) from an encoded video bitsiream. Also, UPB memory 320 may store video
data other than syatax elements of a coded picture, such as temporary data representing
outputs from the various units of video decoder 300, DPB 314 generally stores decoded
pictures, which video decoder 300 may output and/or use as reference video data when
decoding subsequent data or pictures of the encoded video bitstream. CPB memory 320
and DPB 314 may be formed by any of a vaniety of memory devices, such as dynamic
random access memory (DRAM), mcluding synchronous DRAM (SDRAM),
magnetoresistive RAM (MRAM), resistive RAM (RRAM), or other types of memory
devices. CPB memory 320 and DPB 314 may be provided by the same memory device
or separaie memory devices. In various examples, CPB memory 320 may be on-chip
with other components of video decoder 300, or off-chip relative to those components.
{8139} Additionally or afternatively, in some examples, video decoder 300 may retrieve
coded video data from memory 120 (FiG. 1}, That is, memory 120 may store data as
discussed above with CPB memory 320. Likewise, memory 120 may store instructions
to be executed by video decoder 300, when some or all of the functionahity of video
decoder 300 18 implemented in software 1o be executed by processing circuitry of video
decoder 300.

10148} The various units shown 1 FI(G. 4 are dllustraied to assist with understanding the
operations performed by video decoder 300, The units may be implemented as fixed-
function ctrcuits, programumable circuits, or a combination thereof. Simular to FIG. 3,
fixed-function circuits refer to circuits that provide particular functionality, and are
preset on the operations that can be performed. Prograromable circuits refer to circutis
that can be programmed to perform various {asks, and provide flexible functionality
the operations that can be performed. For instance, programmable circuits may exccute
software or firmware that cause the programmable circuits to operate 1 the manner
defined by mstructions of the software or firmware. Fixed-function circuits may
execute software instructions {¢.g., to receive parameters or output parameters), but the

types of operations that the fixed-fimetion civcuits perform are generally immutable. In



WO 2022/213026 PCT/US2022/071289

some examples, one or more of the units may be distinct circuit blocks (fixed-function
or programmable), and in some examples, one or more of the units may be integrated
Circuits.

{8141} Video decoder 300 may include ALUs, EFUs, digital circutts, analog circuits,
and/or programmable cores formed from programmable circutts. In examples where the
operations of video decoder 300 are performed by software executing on the
programmable circuits, on-chip or off-chip memory may store instructions {e.g., object
code) of the software that video decoder 300 receives and executes.

10142} Entropy decoding unit 302 may receive encoded video data from the CPB and
eniropy decode the video data to reproduce syntax elements. Prediction processing umit
304, mverse quantization unit 306, inverse transform processing wuit 308,
reconstruction unit 310, and filter unit 312 may generate decoded video data based on
the syniax clemends extracted from the bitstream.

{3143} In general, video decoder 300 reconstructs a picture on a block-by-block basis.
Video decoder 300 may perform a reconsiruction operation on cach block individually
{where the block currently being reconstrucied, 1.¢., decoded, may be referredtoas a
“current block™).

18144} Entropy decoding unit 302 may entropy decode syntax elements defining
quantized transform coefficients of a quantized transform coefficient block, as well as
transform information, such as a quantization parameter (QP) and/or transform mode
mdication(s}. Inverse guantization unit 306 may use the QP associated with the
quantized transform coefficient block to determine a degroe of quantization and,
likewise, a degree of inverse quantization for inverse quantization wrat 306 o apply.
Inverse quantization umit 306 may, for example, perform a bitwise lefi-shift operation to
mverse quantize the quantized transform coetficients. Inverse quantization unit 306
may thereby form a transform coefficient block mehuding transfonm coefficients.
{0145] After mverse quantization unit 306 forms the transform coefficient block,
mverse transfomm processing unit 308 may apply one or more mverse transforms to the
transform coefficient block to generate a residual block associated with the current
block. For example, inverse transform processing unit 308 may apply an mverse DCT,
an inverse mteger transform, an inverse Karhunen-Locve transform (KLT), an inverse
rotational transform, an inverse directional transform, or another inverse transform to

the transform coefficient block.
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10146} Furthermore, prediction processing wut 304 gencrates a prediction block
according to prediction information syntax elements that were entropy decoded by
entropy decoding unit 302, For example, if the prediction information syntax elements
indicate that the current block is inter-predicted, motion compensation uoit 316 may
generate the prediction biock. In this case, the prediction information syntax clements
may ndicate a reference picture in DPB 3 14 from which to retrieve a reference block,
as well as a motion vector identifving a location of the reference block in the reference
pictare relative to the location of the current biock in the current picture. Motion
compensation unit 316 may generally perform the inter-prediction process in a manner
that 1s substantially similar to that described with respect to motion compensation umit
224 {FIG. 3.

18147} When performing multi-hypothesis 1nter-prediction, motion compensation unit
316 may generate one or more additional prediction blocks as additional hypotheses for
a current block using data of DPB 314, Furthermore, video decoder 300 may be
configured to apply any of the various techniques of this disclosure for decoding motion
mformation for the one or more additional prediction hypotheses.

{8148} For example, motion compensation unit 316 may generaie both a base mode
hypothesis and an additional hyvpothesis. Motion compensation umit 316 may generate
the base mode hypothesis using uni-directional or bi-directional inter-prediction.
Motion compensation unit 316 may also generate the additional hvpothesis using uni- or
bi-directional mter-prediction. In some examples, the addinional hypothesis may be
restricted to uni-directional prediction only. According to the techniques of this
disclosure, prediction processing unit 304 may determine whether to decode motion
mformation for the additional hypothesis using merge mode ot AMVYP mode. In
particular, prediction processing unit 334 may receive a value for a merge mode syntax
clement indicating whether the motion information for the additional hypothesis is to be
decoded using merge mode or AMVYP mode, and decode the motion mformation using
the indicated mode.

{31498} To decode the motion mformation for the additional hypothesis using merge
mode, prediction processing unit 304 may constract a merge candidate list. That 1s,
prediction processing unit 304 may deteroune motion information from neighboring
blocks to a current block being decoded and add the motion information for cortain
neighboring blocks to the merge candidate list. Prediction processing unit 304 may be

configured to restrict merge candidates to be only unmi-directional prediction candidates
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{also referred to as “uni-prediction candidates™). If a neighboring block s predicted
using bi-prediction, prediction processing umt 304 may generate one or two merge
candidates from the neighboring block as discussed above with respect to FIG. 2. For
example, prediction processing unit 304 may construct a first merge candidate from a
first set of motion intformation for the neighboring block (e .g., LO motion information}
and, m some examples, a second merge candidate from a second set of motion
mformation for the neighboring block {e.g., L1 motion information}.

101580} Prediction processing unit 304 may also receive a merge index having a value
mdicating which of the merge candidates is to be used to decode the motion information
for the additional hypothesis. Prediction processing wnit 304 may deternine one of the
merge candidates in the merge candidate list corresponding to the merge index as the
merge candidate to be used to decode the motion information for the additional
bvpothesis.

{3151} Motion compensation unit 316 may further combine the base hypothesis with
the additional hypothesis, e.g., as an average of or a weighted combination of cach
sample on a sample-by-sample basis. After combining the base hvpothesis with the
additional hypothesis, motion compensation unit 316 may provide the resulting
prediction block to reconstroction unit 310

{8152} In addition or in the alterpative, prediction processing unit 304 may determine
whether to apply local iHumination compeunsation {LIC) to the adduional hypothesis
according to whether LIC was applied to the base hypothesis. For example, prediction
processing unit 304 may determine that LIC 18 to be apphed to the additional hypothesis
if LIC was applied to the base hypothesis, and not to apply LIC otherwise. As another
exaraple, 1if LIC was applied to the base hypothesis and motion information for the
additional hypothesis was decoded using AMVP, prediction processing unit 304 may
determine to perform LIC to the additional hypothesis. Altematively, if LIC was
applied to the base hypothesis and motion information for the additional hypothesis was
decoded ustng merge made, prediction processing unit 304 may decode a LIC syotax
clement {¢.g., a LIC flag) mdicating whether to perform LIC on the additional
hvpothesis.

10153} In addition or in the alicmative, prediction processing et 304 may deteroune
which of a varicty of interpolation filters to use to miterpolate a value for a half-sample
position. In particular, when a motion vector for a base hypothesis of a previous block

has half-sample precision and is decoded using AMVP, and when the previous block 1s
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selected as a candidate for decoding motion information of an additional hyvpothesis,
prediction processing unit 304 may determine to use a six-tap mterpolation filter to
miterpolate a value for a hatf-sample position.

{8154} As another example, if the prediction information syntax elements indicate that
the current block 1s 1ntra-predicted, intra~prediction unit 318 may geuerate the
prediction block according to an intra-prediction mode indicated by the prediction
mformation syntax elements. Again, intra-prediction unit 318 may generally perform
the intra-prediction process in a mannoer that is substantially similar to that descrbed
with respect to mtra-prediction unit 226 (FIG. 3). Intra~-prediction unit 318 may retaeve
data of neighboring samples to the current block from DPB 314

{8155} Reconstruction unit 310 may reconstruct the current block using the prediction
block and the residual biock. For example, reconstruction unit 310 may add samples of
the residual block to corresponding samples of the prediction block to recounstruct the
current block.

10156} Filter unit 312 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 312 may pertorra deblocking operations fo reduce
blockiness arfifacts along edges of the reconstructed blocks. Operations of filter unit
312 are not necessarily performed in all examples.

18157} Video decoder 300 may store the reconstructed blocks in BPB 314, For
mstance, in examples where operations of filter unit 312 are not performed,
reconstruction unit 310 may store reconstructed blocks to DPE 314, In examples where
operations of filter unit 312 are performed, filter unit 312 may store the filtered
reconstructed blocks to DPB 314, Asdiscussed above, DPB 314 may provide reference
mformation, such as samples of a current picture for intra-prediction and previously
decoded pictures for subsequent motion compensation, to prediction processing unit
304, Moreover, video decoder 300 may cutput decoded pictures (e.g., decoded video)
from DPB 314 for subsequent presentation on a display device, such as display device
U8 of FIG. L.

{3138} FIG. S 15 a Howchart Hustrating an example method for encoding a current
block in accordance with the technigues of this disclosure. The current block may
comprise a current CU. Although described with respect to video encoder 200 (FIGS . 1
and 3), @ should be understood that other devices may be configured to perform a

method similar to that of FIG. 5.
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{01589} In thus example, video encoder 200 inttially predicts the curcent block (350). For
example, video encoder 200 may form a prediction block for the current block. In
particalar, video encoder 200 may form the prediction block using muiti-hypothesis
mter-prediction. Video encoder 200 may then caleulate a residual block for the corrent
block {352}, To calculate the residual block, video encoder 200 may calculate a
difference between the onginal, vncoded block and the prediction block for the current
block. Video encoder 200 may then transform the residual block and quantize transform
coefficients of the residual block (354). Next, video encoder 200 may scan the
guantized transform cocficients of the residual block (356). Durning the scan, or
following the scan, video encoder 200 may entropy encode the transform coefficients,
as well as prediction information (358). For example, video encoder 200 may encode
data using CAVLC or CABAC. Morcover, video encoder 260 may encode motion
mformation for one or more additional hypotheses using merge mode according to any
of the various technigues of this disclosure. Video encoder 200 may then output the
entropy encoded data of the block (360},

10168} Video encoder 200 may also decode the current block after encoding the current
block, to use the decoded version of the current block as reference data for subsequently
coded data {¢.g., in inter- or intra~prediction modes). Thus, video encoder 200 may
mverse quantize and inverse transform the coefficients to reproduce the residual block
{362). Video encoder 200 may combine the residual block with the prediction block to
form a decoded block (364). In some examples, video encoder 200 mav perform local
tHumination compensation {(LIC) according to any of the various technigues of this
disclosure. Video encoder 200 may then store the decoded block 1o DPB 218 {366).
{0161} FIG. 615 a flowchart itlustrating an example method for decoding a current
block of video data in accordance with the techniques of this disclosure. The current
block may comprise a current CU. Although descnbed with respect to video decoder
300 {(FIGS. 1 and 4}, it should be understood that other devices mav be configured to
perform a method similar to that of FIG. 6.

{3162} Video decoder 300 may receive entropy encoded data for the current block, such
as entropy encoded prediction information and entropy encoded data for transform
coefficients of a residual block comresponding to the current block (370}, Video decoder
300 mav entropy decode the entropy encoded data to determine prediction information
for the current block and to reproduce transform coeflicients of the residual block (372}

For example, video decoder 300 may entropy decode motion information for one or
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more additional prediction hypotheses in merge mode using any of the various
techniques of this disclosure. Video decoder 300 may predict the corrent block {3743,
¢.g., using muldti-hypothests inter-prediction mode as indicated by the prediction
mformation for the current block, to calculate a prediction block for the current block.
Video decoder 300 may then inverse scan the reproduced transform coctiicients (376},
to create a block of quantized transform coefficients. Video decoder 300 may then
myerse quantize the transform coefficients and apply an mverse transform to the
transform cocfficients to produce a residual block (378). Video decoder 300 may
ultimately decode the current block by combinmg the prediction block and the residual
block {380). In some examples, video decoder 300 may further perform focal
tHumination compensation (LIC) on the decoded block according to any of the vartous
techniques of this disclosure.

{3163} FIG. 7 is a flowchart dlustrating an example method of decoding video data
according to the techniques of this disclosure. The method of FIG. 7 may be performed
bv a video encoder, such as video encader 200 of FIGS. 1 and 3. When performed as
part of a video encoding process, the method of FIG. 7 may correspond to steps 350 and
362-364 of FIG. 5. Aliematively, the method of FIG. 7 may be performed by a video
decoder, such as video decoder 300 of FIGS. 1 and 4. When performed as part of a
video decoding process, the method of FIG. 7 may correspond to steps 374 and 380 of
FIG. 6. Whle the method of FIG. 7 15 described as a method of decoding video data, a
video encoder both encodes and decodes video data, for use as subsequent prediction
data, as explained above. Therefore, the method of FIG. 7 may be performed by both
video encoders and video decoders. For purposes of example, the method of FIG. 7 5
explained with respect to video decoder 300, although certain aspects are also explained
with respect to video encoder 200,

18164} Intially, video decoder 300 may form a base hypothesis prediction block fora
current block of video data (400). For example, video decoder 300 may perform ani-
directional prediction (using a singie set of motion information} or bi-directional
prediction {using two sets of motion mformation) to form the base hypothesis prediction
block.

10163} Video decoder 300 may also code (namely, decode) a merze mode syntax
clement for an additional hypothesis block for the current block (402}, The value of the
merge mode syntax element may indicate whether motion information for the additional

hypothesis block is coded using merge mode or AMVP mode. When performed by
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video encoder 200, video encoder 200 may encode the value of the merge mode syniax
clement.

18166] When the merge mode syniax element indicates that the motion mformation for
the additional hypothesis block 1s predicted using merge mode, video decoder 360 may
form a merge candidate list {404). The merge candidate list may correspond o merge
candidaies representing motion information of neighboring blocks o the carrent block.
Video decoder 300 may ensure that each of the merge candidates of the merge candidate
fist inchides only oni-directional motion information. If motion information for one of
the neighboring blocks is bi-prediction coded, video decoder 300 may form one or two
merge candidates from the one of the neighbornng blocks, e.g., a single merge candidate
mechuding ong of the two sets of motion information, or a first merge candidate including
ong of the two sets of motion mformation {e.g., L0 motion information} and a second
merge candidate including the other of the two sets of motion formation {e.g., L1
motion information}. In this manner, cach merge candidate in the merge candidate hist
may be restricted to uni-directional prediction.

10167} Video docoder 300 may then code the motion mformation for the additional
hypothesis block (406}, For example, assuming the motion information for the
additional hypothesis block 18 coded in merge mode, video decoder 300 may decode a
merge index that identifies one of the merge candidates in the merge candidate list.
Video decoder 300 may then use the motion information of the identified one of the
merge candidates as the motion information (o form the additional hypothesis block.
Om the other hand, if the motion information for the additional hyvpothesis block 1s
coded in AMVP mode, video decoder 300 may decode an AMVP candidate index, a
reference picture list identificr, a reference picture index, and motion vector difference
mformation. Alternatively, when the method is performed by video encoder 200, video
encoder 200 may either encode the merge index or the AMVP candidate index,
reference picture bist identifier, reference picturc index. and motion vector difference
mformation,

[3168] Video decoder 300 may then generate the additional hypothesis block using the
motion information (408}, Video decoder 300 may further form the multi-hypothesig
prediction block from the base hypothesis prediction block and the additional
hypothesis block (410). For example. video decoder 300 may average co-located
samples of the base hypothesis prediction Mock and the additional hypothesis block or

perform a weighted combination of the co-located samples of the base hypothesis
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prediction block and the additional hypothesis block. I some examples, video decoder
300 may also perform local lumination compensation {LIC} on either or both of the
base hypothesis block and/or the additional hypothesis block, prior to forming the multi-
hypothesis prediction block.

{3169} Ultimately, video decoder 360 may decode i.¢., reproduce) the current block
uaing the multi-hvpothesis prediction block (412). For example, video decoder 300 may
decode quantized transform coefficients for the current block, mverse guantize and
transform the quantized transform cocfficients to form residual samples, and inverse
scan the residual samples to reproduce a residual block. Video decoder 300 may then
combine the multi-hypothesis prediction block with the residual block on a sample-by-
sample basis to reconstruct (decode) the current block.

{8178} In this manner, the method of FIG. 7 represents an example of a method of
decoding (and/or encoding) video data mcluding: generating a first prediction block for
a current block of video data using a base inter-prediction mode; coding a merge mode
syntax element for a second prediction block, the second prediction block reprosenting
an additional prediction hypothesis for the current block, wherein the merze mode
syntax element mdicates whether motion information for the second prediction block is
coded using merge mode; coding motion mnformation for the second prediction block
according to the merge mode syntax element, mcluding, when the merge mode syntax
clement indicates that the motion information for the second prediction block 1s coded
uaing merge mode, forming a merge candidate list including one or more merge
candidaies, each of the merge candidates representing respective sets of uni-prediction
motion information; generating the second prediction block for the current block of
video data using the motion information; forming a multi-hypothesis prediction block
for the current block as a combination of the first prediction block and the second
prediction block: and decoding the current block using the multi-hypothesis prediction
block.

{3171} Varnous examples of the techniques of this disclosure are summarized 1 the
following clauses:

16172} Clause 1. A method of decoding video data, the method comprising: gengrating
a first prediction block for a current block of video data using a base mter-prediction
mode; generating a second prediction block for the current block of video data as an
additional prediction hypothesis; determining whether to apply local illumination

compensation (LIC) to the second prediction block according to whether LIC was
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applied to the first prediction block; forming a multi-hypothesis prediction block for the
current block as a combination of the first prediction block and the second prediction
block; and decoding the current block using the mudti-hypothesis prediction block.
18173} Clause 2: The method of clause 1, wherein the base inter-prediction mode
comprises one of uni-directional tter-prediction or bi-duectional sder-prediction.
{3174} Clause 3. The method of anv of clauses 1 and 2, further compnising applying
LIC to the first prediction block, wherein determining whether to apply LIC to the
second prediction block comprises determining o apply LIC to the second prediction
block 10 response to having apphied L1C 1o the first prediction block.

18175} Claose 4: The method of any of clauses | and 2, further corprising: applying
LIC to the first prediction block; and coding motion information for the second
prediction block using advanced motion vector prediction (AMVYP} mode, wherein
determining whether to apply LIC to the second prediction block comprises deternuning
to apply LIC to the second prediction block n response to applving LIC to the first
prediction block and coding the motion information for the second prediction block
using the AMVP mode.

18176} Claose 5: The method of any of clauses | and 2, further corprising: applying
LIC to the first prediction block; and coding motion information for the second
prediction block using merge mode, wherein determining whether to apply LIC to the
second prediction block comprises: coding a LAC flag for a merge candidate of the
second prediction block; and determuning whether to apply LIC to the second prediction
block according to the value of the LIC flag for the merge candidate of the second
prediction block,

10177} Clause 6 A method of decoding video data, the method comprising. generating
a first prediction block for a current block of video data usmg a base mter-prediction
mode; coding a merge mode syntax clement for a second prediction block, the second
prediction block representing an additional prediction hypothesis for the carrent block,
wherein the merge mode syntax clement indicates whether rootion information for the
second prediction block 1s coded usmg merge mode; coding motion information for the
second prediction block according to the merge mode syntax clement; generating the
second prediction block for the current block of video data using the motion
mformation; forming a multi-hypothesis prediction block for the current block as a
combination of the first prediction block and the second prediction block; and decoding

the current block using the multi-hypothesis prediction block.
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10178} Clause 7 A method of coding video data, the method comprising a combination
of the method of any of clauses 1-5 and the method of clause 6.

{8179} Clause &: The method of any of clauses 6 and 7, wherein when the merge mode
syntax element indicates that merge mode is used, coding the motion mformation for the
second prediction block comprises coding a merge index indicating a merge candidate
from which to inherit the motion information for the second prediction block.

6180} Clause 9: The method of any of clagses 6 and 7, wheretn when the merge mode
syntax element indicates that merge mode is not used, coding the motion formation
for the sccond prediction block compuses coding a reference picture index, a motion
vector predictor index, and a motion vector difference for the second prediction block.
18181} Claose 10: The method of any of clauses 69, wherein coding the motion
mformation for the second prediction block comprises forming a merge candidate fist
mchuding one or more merge candidates, cach of the merge candidaies representing
respective sets of uni-directional prediction motion miormation.

10182} Clause 11: The method of clanse 10, wherein the second prediction block
comprises one additional motion hvpothesis of a plurality of additional motion
hypotheses, the method further comprising coding motion information for each of the
additional motion hypotheses using the same merge candidate hist.

18183} Clause 12: The method of any of clauses 10 and 11, wherein forming the merge
candidate list comprises forming the merge candidate list according to a merge
candidate list construction process of geometric partitioning mode {GPM).

{3184} Clause 13: The method of any of clauses 6-9, wherein the second prediction
block comprises one additional motion hypothesis of a plurality of additional motion
hvpotheses, and wherein coding the motion information for the second prediction block
comprises: forming a merge candidate hist including two or more merge candidates;
selecting one of the merge candidates from the merge candidate list for the motion
imformation for the second prediction block: and coding the motion information for the
second prediction block using the one of the merge candidates, the method further
comprising: removing the one of the merge candidates from the merge candidate list to
form a reduced merge candidate list; and coding motion information for a third
prediction block using one of the remaining merge candidates n the reduced merge
candidate list.

{8185} Clause 14: The method of clause 13, further comprising: coding a first merge

candidate index for the second prediction block, the merge candidate list having N
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merge candidates, N bemg a posttive integer greater than 1, the first merge candidate
mndex having a maximum possible truncated binary value of N; and coding a second
merge candidate mdex for the third prediction block, the reduced merge candidate hist
having N-1 merge candidates, the second merge candidate index having a maximum
possible truncated bimary value of N-1.

{3186 Clause 15: The method of any of clauses 6-14, wherein the merge mode syntax
clement comprises a merge mode syntax element for the base inter-prediction mode of
the first prediction block.

10187} Clause 16: The method of any of clauses 6-14, wherein the merge mode syntax
clement comprises a second merge mode syntax element, the method further comprising
coding a first merge mode syntax slement for the base ter-prediction mods of the first
prediction block, the second merge mode syntax clement being different than the first
merge mode syotax clement.

{3188} Clause 17 The method of clause 16, wheren coding the first merge mode
syntax element comprises cading the first merge mode syntax clement using a first
context adaptive binary arthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element comprises coding the second merge mode syntax
clement using the first CABAC contest in response to having coded the first merge
mode syntax element using the first CABAC context.

{3189} Clause 18 The method of clause 17, the first CABAC context being a CABAC
context used for merge mode.

13190} Clause 19 The method of clanse 17, the first CABAC context being different
than a second CABAC context used for merge mode.

10191} Clause 20: The method of clause 16, wherein coding the first merge mode
syntax element comprises codmg the first merge mode syoiax clement using a first
context adaptive binary anthmetic coding (CABAC) context, and wherein coding the
second merge mode svitax clement compnses coding the second merge mode syntax
clement using a sccond CABAC context.

{8192} Clause 21: The method of clause 20, the second CABAC context being different
than the first CABAC context.

10193} Clause 22: The mcthod of any of clauses 6-21, the method further comprising:
coding motion information of a third predichion block using advanced motion vector
prediction (AMVP} mode, including coding a motion vector difference (MVD) value

having half-luma-sample resolution, the third prediction block being a base mter-
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prediction block of a neighbonng block to the current block; and coding a candidate
mdex identifving the third prediction block as a motion information candidate for the
second prediction block, whergin generating the second prediction block comprisss
mterpolating half-pixel samples of a reference block for the second prediction block
using a six-tap interpolation filter.

{3194} Clause 23: A method of decoding video data, the method comprising: generating
a first prediction block for a current block of video data using a base inter-prediction
mode; generating a second prediction block for the current block of video data as an
additional prediction hypothesis; determining whether to apply local illununation
compensation (LIC) to the second prediction block according to whether LIC was
applied to the first prediction block; forming a multi-hypothesis prediction block for the
current block as a combination of the first prediction block and the second prediction
black; and decoding the current block using the multi-hvpothesis prediction block.
{8195} Clause 24: The method of clause 23, wherein the base inter-prediction mode
comprises one of uni-directional mter-prediction or bi-directional inter-prediction.
10196} Clause 25: The method of clause 23, further comprising applving LIC to the first
prediction block, wherein determining whether to apply LIC to the second prediction
block comprises determining to apply LIC to the sceond prediction block in response to
having applied LIC to the first prediction block.

{3197} Clause 26 The method of clause 23, further comprsing: applying LIC to the
first prediction block; and coding motion information for the second prediction block
using advanced motion vector prediction (AMVYP) mode, wherein determining whether
1o apply LIC to the second prodiction block comprises determining to apply LIC to the
second prediction block o response to applying LIC to the first prediction block and
coding the motion mformation for the second prediction block using AMVP.

{8198} Clause 27: The method of clause 23, further comprising: applying LIC to the
first prediction block; and coding motion information for the second prediction block
using merge mode, wherein determining whether to apply LIC to the second prediction
block comprises: coding a LIC flag for a merge candidate of the second prediction
block; and determining whether to apply LIC o the second prediction block according
1o the value of the LIC tlag for the merge candidate of the second prediction block.
10199 Clause 28: A method of decoding video data, the method comprising: generating
a first prediction block for a current block of video data using a base inter-prediction

mode; coding a merge mode syntax clement for a second prediction block, the second
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prediction block representing an additional prediction hypothesis for the current block,
wherein the merge mode syntax element indicates whether motion infommation for the
second prediction block is coded using merge mode; coding motion information for the
second prediction block according to the merge mode syntax element; generating the
second prediction block for the current block of video data using the motion
mformation; fomung a nutti-hypothesis prediction block for the current block as a
combination of the first prediction block and the second prediction Block: and decoding
the current block using the multi-hypothesis prediction block,

10208] Clause 29: The method of clause 28, wherein when the merge raode syntax
clement indicates that merge mode 15 used, coding the motion mformation for the
second prediction block compnises coding a merge index indicating a merge candidate
from which to inherit the motion information for the second prediction black.

{3201} Clause 30 The method of clause 28, wherein when the merge mode syntax
clement indicates that merge mode 1s not used, coding the motion information for the
second prediction block comprises coding a reference picture mdex, a motion vector
predictor index, and a motion vector difference for the second prediction block,

18202} Clause 31: The method of clanse 28, wherein coding the motion mformation for
the second prediction block comprises forming a merge candidate list including one or
more merge candidates, cach of the merge candidates ropresenting respective sets of
uni-directional prediction motion information.

{08203} Clause 32: The method of clause 31, wherein the second prediction block
gomprises one additional prediciion hypothesis of a plurality of additional motion
hvpotheses, the method further comprising coding motion information for cach of the
additional motion hypotheses using the same mcrge candidate list.

18284] Clause 33: The method of clause 31, wherein forming the merge candidate list
comprises forming the merge candidate list according (o a merge candidate list
construction process of geometric partitioning mode {GPM).

{0205} Clause 34: The method of clause 28, wherein the second prediction block
comprises one additional prediction hypothesis of a plurality of additional motion
hvpotheses, wherein coding the motion information for the second prediction block
comprises: forming a merge candidate hist including two or more merge candidates;
selecting one of the merge candidates from the merge candidate list for the motion
mformation for the sccond prediction block: and coding the motion information for the

second prediction block using the one of the merge candidates, the method further
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comprising: removing the one of the merge candidates from the merge candidate hist to
form a reduced merge candidate hist; and coding motion information for a third
prediction block using one of the remaining merge candidates in the reduced merge
candidate list.

{03206} Clause 35 The method of clause 34, further comprising: codmg a first merge
candidaie index for the second prediction block, the merge candidate hist having N
merge candidates, N being a positive integer greater than 1, the first merge candidate
mdex having a maximum possible fruncated binary value of N; and coding a second
merge candidate mdex for the third prediction block, the reduced merge candidate hist
having N-1 merge candidates, the second merge candidate index having a maxmmum
possible truncated binary valug of N-1.

106207} Clavse 36 The method of clause 28, wherein the merge mode syntax element
comprises a merge mode syntax elernent for the base inter-prediction raode of the first
prediction block.

10208} Clause 37 The method of clanse 28, wherein the merge mode syntax clement
comprises a sccond merge mode syntax clement, the method further compnising coding
a first merge mode syntax element for the base inter-prediction mode of the first
prediction block, the second merge mode syntax clement being different than the first
merge mode syntax clement.

{0209} Clause 38 The method of clause 37, wherein coding the first merge mode
syntax clement comprises coding the first merge mode syniax element using a first
context adaptive binary arithmetic coding (CABAC) context, and wherein coding the
second merge mode syntax olement comprises coding the second merge mode syntax
clement using the first CABAC context in response to having coded the first merge
mode syntax element using the first CABAC context.

{8218} Clause 39 The method of clause 38, the first CABAC context being a CABAC
context used for merge mode.

{3211} Clause 40 The method of clause 38, the first CABAC context being different
than a second CABAC context used for merge mode.

16212} Clause 41: The method of clanse 37, wherein coding the first merge mode
syntax elcrent comprises codimg the first merge mode syotax clement using a first
context adaptive binary amthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element compnses coding the second merge mode syntax

clement using a second CABAC context.
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10213} Clause 42: The method of clause 41, the second CABAC context being different
than the first CABAC context.

{8214} Clause 43; The method of clause 28, the method further comprising: coding
motion information of a third prediction block using advanced motion vector prediction
{AMVYP) mode, including coding a motion vector difference (MVD) value having half-
tuma-sample resolution, the third prediction block being a base inter-prediction block of
a neighboring Mock to the current block; and coding a candidate mdex identifving the
third prediction block as a motion wformation candidate for the second prediction
block, wherein gencrating the second prediction block comprises interpolating balf-
pixel samples of a reference block for the second prediction block using a six-tap
mterpolation filter.

16215} Clause 44 The method of any of clauses 143, further comprising encoding the
current block prior to decoding the current block.

{8216} Clause 45 A device for decoding video data, the device compnsing one or more
means for performing the method of any of clauses 144,

10217} Clause 46: The device of clause 43, wherein the one or more means comprise
ong or more processors implemented 1n circuitry,

18218} Clause 47: The device of any of clauses 45 and 46, further comprising a display
configured to display the decoded video data.

{08219} Clause 48 The device of any of clauses 45-47, wherein the device comprises
one or more of a camera, a computer, a mobile device, a broadceast receiver device, or a
sei-top box.

10220} Clause 49 The device of clanse 4548, further compusing a memory configured
to store the video data.

18221} Clause 30 A computer-readable storage medium having stored thereon
mstructions that, when executed, cause a processor of a device for decoding video data
to perforny the method of any of clauses 144,

{03222} Clause 51: A device for decoding video data, the device comprising: means for
generating a fivst prediction block for a current block of video data using a base miter-
prediction mode; means for generating a second prediction block for the current block
of video data as an additional prediction hypothesis; means for detcmining whether to
apply local itHurunation compensation {(LIC) to the second prediction block according to
whether LIC was apphied to the first prediction block; means for forming a multi-

hypothesis prediction block for the current block as a combination of the first prediction
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block and the second prediction block; and means for decoding the current block using
the multi-hypothesis prediction block.

18223} Clause 32: A device for decoding video data, the device comprising: means for
generating a first prediction block for a current block of video data using a base inter-
prediction mode; means for coding a merge mode syntax element for a second
prediction block, the second prediction block representing an additional prediction
hvpothesis for the current block, wherein the merge mode syntax element indicates
whether motion information for the second prediction block is coded using merge mode;
means for coding motion information for the second prediction block according to the
merge mode syntax clement; means for generating the second prediction block for the
current block of video data usig the motion information; means for forming a multi-
hypothesis prediction block for the current block as a combination of the first prediction
block and the second prediction block; and means for decoding the current block using
the mulii~hypothesis prediction block.

10224} Clause 533 A method of decoding video data, the method comprising: gencrating
a first prediction block for a current block of video data using a base mter-prediction
mode; coding a merge mode syntax clement tor a second prediction block, the second
prediction block representing an additional prediction hypothesis for the carrent block,
wherein the merge mode syntax element indicates whether motion nformation for the
second prediction block is coded using merge mode; coding motion mformation for the
second prediction block according to the merge mode syntax clement, including, when
the merge mode syntax clement indicates that the motion information for the second
prediction block is coded using merge made, forming a merge candidate list including
one or more merge candidates, cach of the merge candidates representing respective sets
of uni-prediction motion mformation; generating the second prediction block for the
current block of video data using the motion information; forming a malti-hypothesis
prediction block for the current block as a combination of the first prediction block and
the second prediction block; and decoding the current block using the multi-hypothesis
prediction block.

168225} Clause 54 The method of clanse 33, wheremn when the merge mode syntax
clement indicates that merge mode 1s used, coding the motion information for the
second prediction block comprises coding a merge index indicating a merge candidate

from winch to inherit the motion information for the second prediction block.
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10226} Clause 55: The method of clause 53, wherein when the merge mode syntax
clement mdicates that merge mode 18 not used, codmg the motion information for the
second prediction block compnses coding a reference picture index, a motion vector
predictor index, and a motion vector difference for the second prediction block.

{3227} Clause 56 The method of clause 53, wherein forming the merge candidate hist
comprises: determining that a neighboring block to the second prediction block 1s bi-
predicted uvsing first motion information and second motion information; and forming at
least one vai-prediction merge candidate from the neighboring biock, including
selecting only one of the first motion information or the second motion nformation for
the at least one uni-prediction merge candidate.

18228} Clause 37: The method of clause 56, wheremn forming the merge candidate list
comprises: forming a first uni-prediction merge candidate using the first motion
mformation; and forming a second uni-prediction merge candidate using the second
motion information.

10229} Clause 58: The method of clanse 33, wherein the second prediction block
comprises one additional prediction hvpothesis of a plurality of additional motion
hypotheses, the method further comprising coding motion information for each of the
additional motion hypotheses using the same merge candidate hist.

18238} Clause 59 The method of clause 53, wherein forming the merge candidate list
comprises forming the merge candidate list according to a merge candidaie st
construction process of geometric partitioning mode (GPM).

168231} Clause 60: The method of clanse 33, wherein the second prediction block
comprises one additional prediction hypothesis of a plurality of additional motion
hvpotheses, wherein coding the motion information for the second prediction block
comprises: forming a merge candidate hist including two or more merge candidates;
selecting one of the merge candidates from the merge candidate list for the motion
imformation for the second prediction block: and coding the motion information for the
second prediction block using the one of the merge candidates, the method further
comprising: removing the one of the merge candidates from the merge candidate list to
form a reduced merge candidate list; and coding motion information for a third
prediction candidate ustng onc of the remaining merge candidates m the reduced merge
candidate list.

18232} Clause 61: The method of clause 60, further comprising: coding a first merge

candidate index for the second prediction block, the merge candidate list having N



WO 2022/213026 PCT/US2022/071289

4
<

merge candidates, N bemg a posttive integer greater than 1, the first merge candidate
mndex having a maximum possible truncated binary value of N; and coding a second
merge candidate mdex for the third prediction block, the reduced merge candidate hist
having N-1 merge candidates, the second merge candidate index having a maximum
possible truncated bimary value of N-1.

{8233} Clause 62: The method of clause 53, wherein the merge mode syntax clement
comprises a merge mode syntax element for the base inter-prediction mode of the first
prediction block,

10234} Clause 63: The method of clause 53, wherein the merge mode syntax clement
comprises a second merge mode syntax element, the method further comprising coding
a first mevge mode syntax clement for the base inter-prediction mode of the first
prediction block, the second merge mode syntax clement being different than the first
merge mode syotax clement.

{8235} Clause 64 The method of clause 63, wheren coding the first merge mode
syntax element comprises cading the first merge mode syntax clement using a first
context adaptive binary arthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element comprises coding the second merge mode syntax
clement using the first CABAC contest in response to having coded the first merge
mode syntax element using the first CABAC context.

{03236} Clause 65 The method of clause 64, the first CABAC context being a CABAC
context used for merge mode.

168237} Clause 66: The method of clanse 64, the first CABAC context being different
than a second CABAC context used for merge mode.

10238} Clause 67 The method of clause 63, wherein coding the first merge mode
syntax element comprises codmg the first merge mode svoiax clement using a first
context adaptive binary anthmetic coding (CABAC) context, and wherein coding the
second merge mode svitax clement compnses coding the second merge mode syntax
clement using a sccond CABAC context.

{68239} Clause 68: The method of clause 67, the second CABAC context being different
than the first CABAC context.

10248 Clause 69: The method of clause 53, further comprising: coding motion
rformation of a third prediction block using advanced motion vector prediction
{AMVP) mode, including coding a motion vector difference (MVD) value having half-

huma-sample resolation, the third prediction block being a base inter-prediction block of
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a neighboring block 1o the current block; and coding a candidate mdex identifying the
third prediction block as a motion imformation candidate for the second prediction
block, wherein generating the second prediction block comprises interpolating half-
pixel samples of a reference block for the second prediction block using a six-tap
wierpoliation filier.

{08241} Clause 70 The method of clause 33, further comprising deternuning whether to
apply focal iHuomination compensation {(LIC) to the second prediction block according to
whether LIC was applied to the first prediction block.

10242} Clause 71: The method of clause 70, wherein the base inter-prediction mode
comprises one of uni-directional mier-prediction or bi-directional inter-prediction.
18243} Clause 72; The method of clause 70, further comprising applying LIC to the first
prediction block, wherein determining whether to apply LIC to the second prediction
black comprises determining to apply LIC to the second prediction block i response to
having applied LIC to the first prediction block.

10244} Clause 73: The method of clanse 70, further comprising: applying LIC to the
first prediction block; and coding motion information for the second prediction block
using advanced motion vector prediction (AMVP) mode, wherem determining whether
to apply LIC to the second prediction block comprises determining to apply LIC to the
second prediction block i response to applying LIC to the first prediction biock and
coding the motion mformation for the second prediction block using AMVP.

{6245} Clause 74 The method of clause 70, further comprising: applving LIC {0 the
first prediction block: and coding motion information for the second prediction block
using merge mode, wherein determining whether to apply LIC to the second prediction
block comprises: coding a LIC flag for a merge candidate of the second prediction
block; and determining whether (o apply LIC 1o the second prediction block according
to the valae of the LIC flag for the merge candidate of the second prediction block.
10246} Clause 75 The method of clause 53, further comprising encoding the current
black prior to decoding the current block.

{08247} Clause 76 A device for decoding video data, the device compnising: a memory
configored to store video data; and one or more processors implemented in circuitry and
contigured to: generate a first prediction block for a current block of video data using a
hase mter-prediction mode; code a merge mode syntax clement for a second prediction
block, the second prediction block representing an additional prediction hypothesis for

the current block, wherein the merge mode syntax element indicates whether motion
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mformation for the sccond prediction biock 1s coded using merge mode; code motion
mformation for the second prediction block according o the merge mode syntax
clement, wherein to code the motion information, the one or More Processors are
configured to, when the merge mode syniax element indicates that the motion
mnformation for the second prediction block is coded using merge mode, form a merge
candidate list including one or more merge candidates, cach of the merge candidates
representing respective scts of uni-prediction motion information; generate the second
prediction block for the current block of video data using the motion information; form
a multi-hypothesis prediction block for the current block as a combmanon of the first
prediction block and the second prediction block; and decode the current block using the
multi-hypothesis prediction block.

10248} Clause 77: The device of clause 76, wherein to form the merge candidate list, the
one or more processors are configured to: deteroune that a neighbormg block to the
second prediction block 1s bi-predicied using first motion information and second
motion mformation; and form at least one uni-prediction merge candidate from the
neighboring block, wherein the one or more processors are configured to sclect only one
of the first motion information or the second motion information for the at least one uni-
prediction merge candidate.

106249} Clause 78 The device of clause 77, wherein to form the merge candidate list, the
one of more processors are configured to: form a first uni-prediction merge candidate
using the first motion information; and form a second uni-prediction merge candidate
using the second motion information.

10250} Clause 79 The device of clause 76, wherein the one or more procossors arg
further configured to: code motion mformation of a thud prediction block using
advanced motion vector prediction {AMVP) mode, wherein to code the motion
mformation of the third prediction block, the one or more processors are configured to
code a motion vector difference (MVE) value having half-luma-sample resolution, the
third prediction block being a base miter-prediction block of a neighboring block to the
current block; and code a candidate index identifving the third prediction block as a
motion information candidate for the second prediction block, wherein to generate the
second prediction block, the one or more processors are configured to interpolate half-
pixel samples of a reference block for the second prediction block using a six-tap

mterpolation filter.
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10281} Clause 80: The device of clause 76, wherein the one or more processors are
further configured to determine whether to apply local illununation compensation (LIC)
o the second prediction block according {o whether LIC was applied to the first
prediction block.

{0252} Clause 81 The device of clause 76, wherein the one or more processors are
further configured to encode the current block prior to decoding the current block.
168253} Clause 82: The device of clause 76, further comprising a display configured to
display the decoded video data.

10284} Clause 83: The device of clause 76, wherein the device comprises one or more
of a camera, a computer, a mobile device, a broadcast receiver device, or a set-top box.
8255} Clause 84: A computer-readable storage mediom having stored thereon
mstructions that, when executed, cause a processor to: generate a first prediction block
for a current block of video data using a base inter-prediction mode; code a merge mode
syntax element for a second prediction block, the second prediction block representing
an additional prediction hypothesis for the corrent block, wherein the merge mode
syntax elerent indicates whether motion mformation for the second prediction block is
coded using merge mode: code motion information for the second prediction block
according to the merge mode syntax element, including, when the merge mode syntax
clement indicates that the motion information for the second prediction block is coded
using merge mode, forming a merge candidate list including one or more merge
candidaies, each of the merge candidates representing respective sets of uni-prediction
motion information; generate the second prediction block for the current block of video
data using the motion information: form a multi-hypothesis prediction block for the
current block as a combnation of the first prediction block and the second prediction
block; and decode the current block using the nmulti-hypothesis prediction block.

18256} Clause 85: The computer-readable storage medium of clause 84, wherein the
mstructions that cause the processor to form the merge candidate list comprise
mstructions that cause the processor to; determine that a neighboring block to the
second prediction block 1s bi-predicied using first motion information and second
motion information; and form at least one uni-prediction merge candidate from the
neighboring block, inchuding instructions that cause the processor to select only one of
the first motion mitormation or the second motion information for the at least one uni-

prediction merge candidate.
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10257} Clause 86: The computer-readable storage medium of clause 85, whercin the
mstructions that cause the processor to form the merge candidate hist comprise
mstructions that cause the processor to) form a first uni-prediction merge candidate
using the first motion information; and form a second uni-prediction merge candidate
using the second motion information.

{8238} Clause 87 The compuier-readable storage medium of clause 84, further
comprising nstructions that cause the processor to: code motion information of a third
prediction block using advanced motion vector prediction {AMVP) mode, wherein the
rstructions that canse the processor to code the mation wmformation of the third
prediction block comprise instructions that cause the processor to code a motion vector
difference (MVD} valoe having half-luma-sample resolution, the third prediction block
being a base ter-prediction block of a neighboring block o the current block; and code
a candidate 1ndex identifying the third prediction block as a motion information
candidate for the second prediction block, wherein the instructions that cause the
processor to generate the sccond prediction block comprise instructions that cause the
processor to mterpolate half~pixel samples of a reference block for the second predicthion
block using a six-tap interpolation filter,

{8259} Clause 88 The computer-readable storage medinm of clause 84, further
comprising mstructions that cause the processor to defermine whether to apply local
iHlumination compensation {LIC) to the second prediction block according to whether
LIC was applied to the first prediction block.

16260} Clause 89 The compuier-readable storage medium of clause 84, further
comprising instructions that cause the processor to encode the current block prior to
decoding the current block.

{8261} Clause 90: A device for decoding video data, the device comprising: means for
generating a first prediction block for a current block of video data using a base inter-
prediction mode: means for coding a merge mode synitax element for a second
prediction block, the second prediction block representing an additional prediction
hvpothesis for the current block, wherein the merge mode syntax element indicates
whether motion iformation for the second prediction block is coded using merge mode;
means for coding motion information for the second prediction block according to the
merge mode syntax element, including means for forming, when the merge mode syntax
clement indicates that the motion information for the second prediction block is coded

using merge mode, a merge candidate hist mnclading one or more merge candidates, each
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of the merge candidates representing respective sets of uni-prediction motion
mformation; means for generating the second prediction block for the current block of
video data using the motion information; means for forming a multi-hypothesis
prediction block for the current block as a combination of the first prediction block and
the second prediction block; and means for decoding the current block using the mult-
hyvpothesis prediction block.

168262} Clause 91 A method of decoding video data, the method comprising: generating
a first prediction block for a current block of video data using a base inter-prediction
mode; coding a merge mode syntax clement for a second prediction block, the second
prediction block representing an additional prediction hvpothesis for the current block,
wherein the merge mode syntax element indicates whether motion information for the
second prediction block is coded using merge mode; coding motion mformation for the
second prediction block according to the merge mode svatax clement, including, when
the merge mode syntax element indicates that the motion mformation for the second
prediction block s coded using merge made, forming a merge candidate list including
one or more merge candidates, cach of the merge candidates representing respective sets
of uni-prediction motion mformation; generating the second prediction block for the
current block of video data using the motion information; forming a multi-hypothesis
prediction block for the current block as a combination of the first prediction block and
the second prediction block; and decoding the current block using the multi-hypothesis
prediction block.

168263} Clause 92: The method of clanse 91, wheremn when the merge mode syntax
clement indicates that merge mode is used, coding the motion information for the
second prediction block comprises coding a merge index indicating a merge candidate
from which to mhent the motion information for the second prediction block.

18264] Claose 93: The method of any of clauses 91 and 92, wherein when the merge
mode syntax element indicates that merge mode is not used, coding the motion
mformation for the sccond prediction block comprises coding a reference picture index,
a motion vector predictor index, and a motion vector difference for the second
prediction block.

10268} Clause 94: The method of any of clauses 91-93, wherein forming the maerge
candidate list comprises: deterovning that a neighboring block to the sccond prediction
block is bi-predicted using first motion information and second motion mformation; and

forming at least one ani-prediction merge candidaie from the neighboring block,
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mchuding selecting only one of the first motion mformation or the second motion
mformation for the at least one uni-prediction merge candidate.

18266} Clause 95: The method of clause 94, wheremn forming the merge candidate list
comprises: forming a first uni-prediction merge candidate using the first motion
mformation; and forming a second uni-prediction merge candidate using the second
motion information.

168267} Clause 96 The method of any of clauses 91--95, wherein the second prediction
block comprises one additional prediction hypothesis of a plurality of additional motion
hvpotheses, the method further comprising coding motion information for cach of the
additional motion hypotheses using the same merge candidate list.

18268} Clause 97: The method of any of clauses 91-96, wherein forming the merge
candidate list comprises forming the merge candidate list according to a merge
candidate list construction process of geometric partitioning mode {GPM).

{8269} Clause 98: The method of any of clauses 91-97, wherein the second prediction
block comprises one additional prediction hypothesis of a plurality of additional motion
hvpotheses, wherein coding the motion information for the second prediction block
comprises: forming a merge candidate hist including two or more merge candidates;
selecting one of the merge candidates from the merge candidate list for the motion
imformation for the second prediction block: and coding the motion information for the
second prediction block using the one of the merge candidates, the method further
comprising: removing the one of the merge candidates from the merge candidate hist to
form a reduced merge candidate list; and coding motion information for a third
prediction candidate using one of the remaining merge candidates in the reduced merge
candidate list.

18278} Clause 99: The method of clanse 98, further comprising: coding a first merge
candidate index for the second prediction block, the merge candidate list having N
merge candidates, N being a positive indeger greater than 1, the fust merge candidate
mdex baving a maxuonum possible truncated binary value of N; and coding a second
merge candidate ndex for the thard prediction block, the reduced merge candidate bist
having N-1 merge candidates, the second merge candidate index having a maximuom
possible truncated binary value of N-1.

10271} Clause 100: The method of any of clauses 91-99, wherem the merge mode
syntax element comprises a merge mode syntax element for the base inter-prediction

maode of the first prediction block.
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10272} Clause 101: The method of any of clauses 91-100, wherein the merge mode
syntax element comprises a second merge mode syntax element, the method further
comprising coding a first merge mode syntax clemont for the base wter-prediction mode
of the first prediction block, the sccond merge mode syntax element being different than
the first merge mode syotax clement.

{68273} Clause 102: The method of clause 101, wherein coding the first merge mode
syntax clement comprises coding the first merge mode syntax element using a first
context adaptive binary arithmetic coding {CABAC) context, and wherein coding the
second merge mode syntax clement comprises coding the second merge mode syntax
clement using the first CABAC contexst in response to having coded the first merge
mode syntax element using the first CABAC context.

18274} Clause 103: The method of clause 102, the first CABAC context being a
CABAC context used for merge mode.

{08275} Clause 104: The method of clause 102, the first CABAC context being different
than a second CABAC context used for merge mode.

10276} Clause 103: The method of clause 101, wherein coding the first merge made
syntax element comprises codmg the first merge mode syoiax clement using a first
context adaptive binary artthmetic coding (CABAC) context, and wherein coding the
second merge mode svitax clement compnses coding the second merge mode syntax
clement using a sccond CABAC context.

{68277} Clause 106: The method of clause 105, the second CABAC context being
different than the first CABAC context.

18278} Clause 107: The method of any of clauses 91106, further comprising: coding
motion information of a third prediction block using advanced motion vector prediction
{AMVP) mode, including coding a3 motion vector difference (MVD) value having half-
huma-sample resolation, the third prediction block being a base inter-prediction block of
a neighboring block to the current block; and coding a candidate index identifying the
third prediction block as a motion information candidate for the sccond prediction
block, wherein generating the second prediction block comprises interpolating half-
pixel samples of a reference block for the second prediction block using a six-tap
mterpolation filter.

10279} Clause 108: The method of any of clauses 91-107, further comprising
determining whether to apply local illupination compensation (LI} to the second

prediction block according to whether LIC was applied to the first prediction block.
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10288} Clause 109 The method of clause 108, wherein the base mter-prediction mode
comprises one of uni-directional mier-prediction or bi-directional inter-prediction.
{8281} Clause 110: The method of any of ¢lauses 108 and 109, further comprising
applying LIC to the first prediction block, wherein determining whether to apply LIC to
the second prediction block comprises determuing to apply LAC to the sccond
prediction block i response to having applied LIC to the first prediction block.

16282} Clause 111: The method of any of clauses 108-110, further comprising:
applving LIC to the first prediction block; and coding motion iformation for the second
prediction block using advanced motion vector prediction {AMVP) mode, wherem
determining whether to apply LIC to the second prediction block comprises determining
to apply LIC to the second prediction block m response to applying LIC to the first
prediction block and coding the motion information for the second prediction block
using AMVP.

{08283} Clause 112: The method of any of clauses 108-111, further comprising:
applving LIC to the first prediction block; and coding motion iformation for the second
prediction block using merze mode, wherem determining whether to apply LIC 1o the
second prediction block comprises: coding a LIC flag for a merge candidate of the
second prediction block: and determining whether to apply LIC to the second prediction
block according to the value of the LIC flag for the merge candidate of the second
prediction block.

{3284} Clause 113: The method of any of clauses 91-112, fusther comprising encoding
the current bock prior to decoding the current block.

10285} Clause 114 A device for decoding video data, the device comprising: a memory
configured to store video data; and onc or more processors implemented 1o cireunitry and
configured to: generate a first prediction block for a current block of video data using a
base inter-prediction mode; code a merge mode syntax element for a second prediction
block. the second prediction block representing an additional prediction hypothesis for
the current block, whercin the merge mode svntax clement indicates whether motion
mformation for the second prediction block 1s coded using merge mode; code motion
mformation for the second prediction block according to the merge mode syntax
clement, wherein to code the motion information, the one or more Processors are
configured to, when the merge mode syntax element indicates that the motion
mformation for the second prediction block is coded using merge mode, form a merge

candidate list including one or more merge candidates, each of the merge candidates
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representing respective sets of uni-prediction motion information:generate the second
prediction block for the current block of video data using the motion information; form
a multi-hypothesis prediction block for the current block as a combination of the first
prediction block and the sccond prediction block; and decode the current block using the
multi-hypothesis prediction block.

{08286} Clause 115: The device of clause 114, wherein to form the merge candidate hist,
the one or more processors are configured to: determing that a neighboring block to the
second prediction block 1g bi-predicied using first motion information and second
motion mformation; and form at least one umi-prediction merge candidate from the
neighboring block, wherein the one or more processors are configured to select only one
of the first motion information or the second motion information for the at least one uni-
prediction merge candidate.

{0287} Clause 116: The device of clause 115, wherein to form the merge candidate list,
the one or more processors are configured to; form a first uni-prediction merge
candidate using the first motion information: and form a second uni-prediction merge
candidate using the second motion mformation,

{6288} Clause 117 The device of any of clauses 114-116, wherein the one or more
processors are further configured to: code motion information of a third prediction block
using advanced motion vecior prediction {AMVP) mode, wherein to code the motion
mformation of the third prediction block, the one or more processors are configured to
code a motion vector difference (MV D)} value having half-luma-~sample resolution, the
third prediction biock being a base inter-prediction block of a neighboring block to the
current block; and code a candidate index identifying the third prediction block as a
motion miormation candidate for the second prediction block, wherein to generate the
second prediction block, the one or more processors are configured to interpolate half-
pixel samples of a reference block for the second prediction block asing a six-tap
interpolation filter.

{0289} Clause 118: The device of anv of clauses 114-117, wherein the one or more
processors are further configured to determine whether to apply local illumination
gompensation (LIC} to the sscond prediction block according to whether LIC was
applied to the first prediction block.

10298} Clause 119 The device ofany of clauses 114-118, wherein the one or more
processors are further configured to encode the current block prior to decoding the

current block.
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10291} Clause 120: The device ofany of clauses 114-119, further comprnising a display
configured to display the decoded video data.

18292} Clause 121: The device of any of clauses 114120, whergin the device
comprises one of more of a camera, a computer, a mobile device, a broadeast receiver
device, or a set-top box.

{0293} Clause 122: A computer-readable storage medium having stored thereon
mstructions that, when executed, cause a processor (o) generate a first prediction block
for a current block of video data using a base inter-prediction mode; code a merge mode
syntax elerent for a second prediction block, the second prediction block representing
an additional prediction hypothesis for the current block, wherein the merge mode
syntax element indicates whether motion mformation for the second prediction block is
coded using merge mode; code motion nformation for the second prediction block
according to the merge mode syntax element, including, when the merge mode syutax
clement mdicates that the motion information for the second prediction block 15 coded
using merge mode, forming a merge candidate list including one or more merge
candidates, each of the merge candidates representing respective seis of uni-prediction
motion mformation; generate the second prediction block for the current block of video
data using the motion information; form a multi-hypothesis prediction block for the
current block as a combination of the first prediction block and the second prediction
block; and decode the current block using the multi-hypothesis prediction block,

{3294} Clause 123: The computer-readable storage medium of clause 122, wherein the
mstructions that cause the processor to form the merge candidate list comprise
mstructions that cause the processor to: determine that a neighboring block to the
second prediction block is bi-predicied using first motion information and second
motion mformation; and form at least one umi-prediction merge candidate from the
neighboring block, inclading instructions that cause the processor to select only one of
the first motion information or the second motion information for the at least one wni-
prediction merge candidate.

{3295} Clause 124 The computer-readable storage medium of clause 123, wherein the
mstructions that cause the processor to form the merge candidate list comprise
mstructions that cause the processor to: form a first uni-prediction merge candidate
using the first motion information; and form a second uni-prediction merge candidate

using the second motion mformation.
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10296} Clause 125: The computer-readable storage medium of any of clauses 122-124,
further comprising mstructions that canse the proccssor to: code motion information of a
third prediction block using advanced motion vector prediction {AMVP) mode, wherein
the structions that cause the processor o code the motion information of the third
prediction block comprise instructions that cause the processor to code a motion vector
difference (MVD) value having half-luma-sample resolution, the third prediction block
being a base inter-prediction block of a neighboring block to the current block; and code
a candidate index identifying the third prediction block as a motion information
candidate for the second prediction block, wherein the mstructions that cause the
processor 1o generate the second prediction block comprise instructions that cause the
processor to interpolate half-pixel samples of a reference block for the second prediction

block using a six-tap interpolation filier.

further comprising instructions that cause the processor to determine whether to apply
local iHumination compensation (LIC) to the second prediction block according to
whether LIC was applied to the first prediction block.

{8298} Clause 127 The computer-readable storage medium of any of clauses 122-176,
further comprising instructions that cause the processor to encode the current block
prior to decoding the current block.

{3299} It is o be recognized that depending on the example, certain acts or events of
any of the technigues descnibed herem can be performed n a different sequence, may be
added, merged, or left out altogether (¢ g, not all described acts or events are necessary
for the practice of the technigues). Moreover, m cerfain exampies, acts or events may
be performed concurrently, ¢.g., through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

{8308} In onc or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented 1o software,
the functions may be stored on or transmiticd over as one or more mstructions or code
on a compuier-readable medium and exccuted by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medmim such as data storage media, or communication raedia
mcluding anv meduum that facilitates transfer of a computer program from one place to
another, ¢.g., according to a communication protocol. In this manner, computer-

readable media generally may correspond to (1) tangible computer-readable storage
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media which is non-transitory or (2) a convnunication medium such as a signal or
carrier wave, Diaia storage media may be any available media that can be accessed by
OfE OF MOre Computers or OBC OF MOre Processors to retrieve instructions, code and/or
data structures for implementation of the technigues described in this disclosure. A
computer program product may include a computer-readable medium,

{3381} By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CB-ROM or other optical disk storage, magnetic
disk storage, or other maguetic storage devices, flash memory, or any other medium that
can be used 1o store desired program code mn the form of instructions or data structures
and that can be accessed by a computer. Also, any connection 1s properdy tevmed a
computer-readable medium. For example, f instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, BSL, or wireless
technologies such as infrared, radio, and microwave are incladed in the defimition of
medivm. 1t should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transifory
media, but are instead directed to non-transitory, tangible storage media. Disk and disc,
as used herein, inchudes compact disc (D), laser disc, optical disc, digital versatile disc
{(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

10302} Instructions may be executed by ong or more progessors, such as one or more
digital signal processors (I358Ps), general purpose microprocessors, application specific
miegrated circuits {ASICs), ficld programmable gate arrays (FPGAs), or other
cquivalent integrated or discrete logic circuitry. Accordingly, the terms “processor” and
“processing circniiry,” as used herein may refer to any of the foregoing structures or any
other structure suitable for implementation of the techmigues described berein. In
addition, i some aspects, the functionality deseribed herein may be provided within
dedicated hardware and/or software modules configured for encoding and decoding, or
mcorporated i a combined codec. Also, the technigues could be fully mplemented 1o
One OF mMOoTe circuits or logic clements.

{8303} The technigues of this disclosure may be implemented in a wide variety of

devices or apparatuses, including a wireless handset, an mtegrated circuit (IC) or a set of
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1Cs {e.z., a chup set). Various components, modules, or units are described i this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware umits, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
18304} Various examples have been described. These and other examples are within the

scope of the following claims,
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CLAIMS

1. Amethod of decoding video data, the method comprising: generating a first prediction block
for a current block of video data using a base inter-prediction mode, the first prediction block
including first prediction samples for each sample of the current block; coding a merge mode
syntax element for a second prediction block, the second prediction block representing an
additional prediction hypothesis for the current block, wherein the merge mode syntax element
indicates whether motion information for the second prediction block is coded using merge
mode; coding motion information for the second prediction block according to the merge mode
syntax element, including, when the merge mode syntax element indicates that the motion
information for the second prediction block is coded using merge mode, forming a merge
candidate list including one or more merge candidates, each of the merge candidates representing
respective sets of uni-prediction motion information; generating the second prediction block for
the current block of video data using the motion information, the second prediction block
including second prediction samples for each sample of the current block; forming a multi-
hypothesis prediction block for the current block as a combination of each of the first prediction
samples of the first prediction block and each of the second prediction samples of the second
prediction block; and decoding the current block using the multi-hypothesis prediction block.

2. The method of claim 1, wherein when the merge mode syntax element indicates that merge
mode is used, coding the motion information for the second prediction block comprises coding a
merge index indicating a merge candidate from which to inherit the motion information for the
second prediction block.

3. The method of claim 1, wherein when the merge mode syntax element indicates that merge
mode is not used, coding the motion information for the second prediction block comprises
coding a reference picture list identifier, a reference picture index, a motion vector predictor
index, and a motion vector difference for the second prediction block.

4. The method of claim 1, wherein forming the merge candidate list comprises: determining that
a neighboring block to the second prediction block is bi-predicted using first motion information
and second motion information; and forming at least one uni-prediction merge candidate from
the neighboring block, including selecting only one of the first motion information or the second
motion information for the at least one uni-prediction merge candidate.

5. The method of claim 4, wherein forming the merge candidate list comprises: forming a first
uni-prediction merge candidate using the first motion information; and forming a second uni-
prediction merge candidate using the second motion information.

6. The method of claim 1, wherein the second prediction block comprises one additional
prediction hypothesis of a plurality of additional prediction hypotheses, the method further
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comprising coding motion information for each of the additional prediction hypotheses using the
same merge candidate list.

7. The method of claim 1, wherein forming the merge candidate list comprises forming the
merge candidate list according to a merge candidate list construction process of geometric
partitioning mode (GPM).

8. The method of claim 1, wherein the second prediction block comprises one additional
prediction hypothesis of a plurality of additional prediction hypotheses, wherein coding the
motion information for the second prediction block comprises: forming a merge candidate list
including two or more merge candidates; selecting one of the merge candidates from the merge
candidate list for the motion information for the second prediction block; and coding the motion
information for the second prediction block using the one of the merge candidates, the method
further comprising: removing the one of the merge candidates from the merge candidate list to
form a reduced merge candidate list; and coding motion information for a third prediction
candidate using one of the remaining merge candidates in the reduced merge candidate list.

9. The method of claim 8, further comprising: coding a first merge candidate index for the
second prediction block, the merge candidate list having N merge candidates, N being a positive
integer greater than 1, the first merge candidate index having a maximum possible truncated
binary value of N; and coding a second merge candidate index for the third prediction candidate,
the reduced merge candidate list having N—1 merge candidates, the second merge candidate
index having a maximum possible truncated binary value of N—1.

10. The method of claim 1, wherein the merge mode syntax element comprises a merge mode
syntax element for the base inter-prediction mode of the first prediction block.

11. The method of claim 1, wherein the merge mode syntax element comprises a second merge
mode syntax element, the method further comprising coding a first merge mode syntax element
for the base inter-prediction mode of the first prediction block, the second merge mode syntax
element being different than the first merge mode syntax element.

12. The method of claim 11, wherein coding the first merge mode syntax element comprises
coding the first merge mode syntax element using a first context adaptive binary arithmetic
coding (CABAC) context, and wherein coding the second merge mode syntax element comprises
coding the second merge mode syntax element using the first CABAC context in response to
having coded the first merge mode syntax element using the first CABAC context.

13. The method of claim 12, the first CABAC context being a CABAC context used for merge
mode.

14. The method of claim 12, the first CABAC context being different than a second CABAC
context used for merge mode.
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15. The method of claim 11, wherein coding the first merge mode syntax element comprises
coding the first merge mode syntax element using a first context adaptive binary arithmetic
coding (CABAC) context, and wherein coding the second merge mode syntax element comprises
coding the second merge mode syntax element using a second CABAC context.

16. The method of claim 15, the second CABAC context being different than the first CABAC
context.

17. The method of claim 1, further comprising: coding motion information of a third prediction
block using advanced motion vector prediction (AMVP) mode, including coding a motion vector
difference (MVD) value having half-luma-sample resolution, the third prediction block being a
base inter-prediction block of a neighboring block to the current block; and coding a candidate
index identifying the third prediction block as a motion information candidate for the second
prediction block, wherein generating the second prediction block comprises interpolating half-
pixel samples of a reference block for the second prediction block using a six-tap interpolation
filter.

18. The method of claim 1, further comprising determining whether to apply local illumination
compensation (LIC) to the second prediction block according to whether LI1C was applied to the
first prediction block.

19. The method of claim 18, wherein the base inter-prediction mode comprises one of uni-
directional inter-prediction or bi-directional inter-prediction.

20. The method of claim 18, further comprising applying LIC to the first prediction block,
wherein determining whether to apply LIC to the second prediction block comprises determining
to apply LIC to the second prediction block in response to having applied LIC to the first
prediction block.

21. The method of claim 18, further comprising: applying LIC to the first prediction block; and
coding motion information for the second prediction block using advanced motion vector
prediction (AMVP) mode, wherein determining whether to apply LIC to the second prediction
block comprises determining to apply LIC to the second prediction block in response to applying
LIC to the first prediction block and coding the motion information for the second prediction
block using AMVP.

22. The method of claim 18, further comprising: applying LIC to the first prediction block; and
coding motion information for the second prediction block using merge mode, wherein
determining whether to apply LIC to the second prediction block comprises: coding a LIC flag
for a merge candidate of the second prediction block; and determining whether to apply LIC to
the second prediction block according to the value of the LIC flag for the merge candidate of the
second prediction block.
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23. The method of claim 1, further comprising encoding the current block prior to decoding the
current block.

24. A device for decoding video data, the device comprising: a memory configured to store video
data; and one or more processors implemented in circuitry and configured to: generate a first
prediction block for a current block of video data using a base inter-prediction mode, the first
prediction block including first prediction samples for each sample of the current block; code a
merge mode syntax element for a second prediction block, the second prediction block
representing an additional prediction hypothesis for the current block, wherein the merge mode
syntax element indicates whether motion information for the second prediction block is coded
using merge mode; code motion information for the second prediction block according to the
merge mode syntax element, wherein to code the motion information, the one or more processors
are configured to, when the merge mode syntax element indicates that the motion information for
the second prediction block is coded using merge mode, form a merge candidate list including
one or more merge candidates, each of the merge candidates representing respective sets of uni-
prediction motion information; generate the second prediction block for the current block of
video data using the motion information, the second prediction block including second prediction
samples for each sample of the current block; form a multi-hypothesis prediction block for the
current block as a combination of each of the first prediction samples of the first prediction block
and each of the second prediction samples of the second prediction block; and decode the current
block using the multi-hypothesis prediction block.

25. The device of claim 24, wherein to form the merge candidate list, the one or more processors
are configured to: determine that a neighboring block to the second prediction block is bi-
predicted using first motion information and second motion information; and form at least one
uni-prediction merge candidate from the neighboring block, wherein the one or more processors
are configured to select only one of the first motion information or the second motion
information for the at least one uni-prediction merge candidate.

26. The device of claim 25, wherein to form the merge candidate list, the one or more processors
are configured to: form a first uni-prediction merge candidate using the first motion information;
and form a second uni-prediction merge candidate using the second motion information.

27. The device of claim 24, wherein the one or more processors are further configured to: code
motion information of a third prediction block using advanced motion vector prediction (AMVP)
mode, wherein to code the motion information of the third prediction block, the one or more
processors are configured to code a motion vector difference (MVD) value having half-luma-
sample resolution, the third prediction block being a base inter-prediction block of a neighboring
block to the current block; and code a candidate index identifying the third prediction block as a
motion information candidate for the second prediction block, wherein to generate the second
prediction block, the one or more processors are configured to interpolate half-pixel samples of a
reference block for the second prediction block using a six-tap interpolation filter.
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28. The device of claim 24, wherein the one or more processors are further configured to
determine whether to apply local illumination compensation (LIC) to the second prediction block
according to whether LIC was applied to the first prediction block.

29. The device of claim 24, wherein the one or more processors are further configured to encode
the current block prior to decoding the current block.

30. The device of claim 24, further comprising a display configured to display the decoded video
data.

31. The device of claim 24, wherein the device comprises one or more of a camera, a computer, a
mobile device, a broadcast receiver device, or a set-top box.

32. A non-transitory computer-readable storage medium having stored thereon instructions that,
when executed, cause a processor to: generate a first prediction block for a current block of video
data using a base inter-prediction mode, the first prediction block including first prediction
samples for each sample of the current block; code a merge mode syntax element for a second
prediction block, the second prediction block representing an additional prediction hypothesis for
the current block, wherein the merge mode syntax element indicates whether motion information
for the second prediction block is coded using merge mode; code motion information for the
second prediction block according to the merge mode syntax element, including, when the merge
mode syntax element indicates that the motion information for the second prediction block is
coded using merge mode, forming a merge candidate list including one or more merge
candidates, each of the merge candidates representing respective sets of uni-prediction motion
information; generate the second prediction block for the current block of video data using the
motion information, the second prediction block including second prediction samples for each
sample of the current block; form a multi-hypothesis prediction block for the current block as a
combination of each of the first prediction samples of the first prediction block and each of the
second prediction samples of the second prediction block; and decode the current block using the
multi-hypothesis prediction block.

33. The non-transitory computer-readable storage medium of claim 32, wherein the instructions
that cause the processor to form the merge candidate list comprise instructions that cause the
processor to: determine that a neighboring block to the second prediction block is bi-predicted
using first motion information and second motion information; and form at least one uni-
prediction merge candidate from the neighboring block, including instructions that cause the
processor to select only one of the first motion information or the second motion information for
the at least one uni-prediction merge candidate.

34. The non-transitory computer-readable storage medium of claim 33, wherein the instructions
that cause the processor to form the merge candidate list comprise instructions that cause the
processor to: form a first uni-prediction merge candidate using the first motion information; and
form a second uni-prediction merge candidate using the second motion information.
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35. The non-transitory computer-readable storage medium of claim 32, further comprising
instructions that cause the processor to: code motion information of a third prediction block
using advanced motion vector prediction (AMVP) mode, wherein the instructions that cause the
processor to code the motion information of the third prediction block comprise instructions that
cause the processor to code a motion vector difference (MVD) value having half-luma-sample
resolution, the third prediction block being a base inter-prediction block of a neighboring block
to the current block; and code a candidate index identifying the third prediction block as a
motion information candidate for the second prediction block, wherein the instructions that cause
the processor to generate the second prediction block comprise instructions that cause the
processor to interpolate half-pixel samples of a reference block for the second prediction block
using a six-tap interpolation filter.

36. The non-transitory computer-readable storage medium of claim 32, further comprising
instructions that cause the processor to determine whether to apply local illumination
compensation (LIC) to the second prediction block according to whether LI1C was applied to the
first prediction block.

37. The non-transitory computer-readable storage medium of claim 32, further comprising
instructions that cause the processor to encode the current block prior to decoding the current
block.

38. A device for decoding video data, the device comprising: means for generating a first
prediction block for a current block of video data using a base inter-prediction mode, the first
prediction block including first prediction samples for each sample of the current block; means
for coding a merge mode syntax element for a second prediction block, the second prediction
block representing an additional prediction hypothesis for the current block, wherein the merge
mode syntax element indicates whether motion information for the second prediction block is
coded using merge mode; means for coding motion information for the second prediction block
according to the merge mode syntax element, including means for forming, when the merge
mode syntax element indicates that the motion information for the second prediction block is
coded using merge mode, a merge candidate list including one or more merge candidates, each of
the merge candidates representing respective sets of uni-prediction motion information; means
for generating the second prediction block for the current block of video data using the motion
information, the second prediction block including second prediction samples for each sample of
the current block; means for forming a multi-hypothesis prediction block for the current block as
a combination of each of the first prediction samples of the first prediction block and each of the
second prediction samples of the second prediction block; and means for decoding the current
block using the multi-hypothesis prediction block.



