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ADAPTIVELY CODING MOTION INFORMATION FOR
MULTIPLE HYPOTHESIS PREDICTION FOR VIDEQ COBING

{6061} This application claims priority to U.S. Patent Application MNo. 17/655,919, filed
March 22, 2022 and U.S. Provisional Application No. 63/167 480, filed March 29,
2021, the entire contents of each of which are incorporated by reference herein. US.
Patent Application No. 17/635.919, filed March 22, 2022 claims the benefit of U S,
Provisional Application No. 63/167,480, filed March 29, 2021,

TECHNICAL FIELD

{3602} This disclosure relates to video coding, mncluding video encoding and video

decoding,

BACKGROUND

{6663} Digital video capabilities can be incorporated into a wide range of deovices,
mcluding digital televisions, digital direct broadcast systems, wireless broadcast
systems, personal digital assistants (PDAg), laptop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-~called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. 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 Coding (HEVC), TTU-T H.266/Versanile Video Coding (VVC), and extensions of
such standards, as well as proprictary video codecs/formats such as AQMedia Video |
{AV1), developed by the Alhance for Open Media. The video devices may transmit,
receive, encode, decode, and/or store digital video information more efficiently by
maplementing such video coding technigues.

{3004} Video coding technigues mclude spatial (ntra-picture) prediction and/or
temporal {inter-picture) prediction to reduce or remove redundancy herent in video
sequences. For block-based video coding, a video slice {e.g., a video picturc or a
portion of a video picturc) may be partitioned nto video blocks, which may also be
referred to as coding tree units (CTUs), coding units {CUs}) and/or coding nodes. Video

blocks in an intra-coded (1) slice of a picture are encoded using spatial prediction with
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respect to reference samples 1t neighboring blocks 1 the same picture. Video blocks in
an inter-coded (P or B) shice of a prcture may use spatial prediction with respect to
reference samples in neighboring blocks in the same picture or temporal prediction with
respect to reference samples in other reference pictures. Pictures may be referred to as

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

SUMBMARY

0005] In general, this disclosure deseribes technigues for multiple hypothesis inter-
prediction during video coding. Video coding generally includes partitioning pictares of
a series of pictures into respective blocks, then coding {encoding or decoding) cach of
the blocks. Coding a block generally includes predicting the block and coding a
residual for the block, that is, a set of differences between the predicted block and the
actual block. Prediction can be intra-picture (that is, 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 more previously coded pictures). Multiple hyvpothesis inter-
prediction refers to using multiple reference blocks in one or more previounsly coded
pictares 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 hke.

{8606} Inter-prediction may be signaled using various coding modes, such as merge
mode or advanced motion vector prediction (AMYPY mode. In general, in merge mode,
motion information of a signaled neighboring block is used as motion information of a
current block, whereas 1o AMVP mode, motion information of a signaled neighbormg
block 1s used to predict a motion vector of the current block, and other motion
wformation {¢.g., motion vector ditference values and reference picture identifving
information} is coded to form the motion information of the current block. This
disclosure describes, infer alia, vatious examples of techmques related {o signaling
multi-hypothests infer-prediction 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 cloment indicates 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, 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, 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.

{8608} In another example, a device for decoding video data mchudes 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 element for a second prediction
block, the sccond 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
mformation for the second prediction block according to the merge mode syntax
clement, wherein to code the motion information, the oBe Or MOTC Processors are
configured to, when the merge mode syntax element 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 sets of vni-prediction motion information; generate the second
prediction block for the current block of video data using the motion information; form
amulti-hypothesis prediction block for the current block as a combimation of the first
prediction block and the second prediction block; and decode the current block using the
multi-hypothesis prediction block.

{3009} 1o another example, a computer-readable storage medm has stored thercon
mstructions that, when executed, canse 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 element 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 information for the second prediction block is

coded using merge mode; code motion information for the second prediction block
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according 1o the merge mode syntax element, including, when the merge mode syntax
clement indicates that the motion information for the second prediction block 15 coded
using merge mode, forming a merge candidate list inchuding one or more merge
candidates, cach 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 prediction
block; and decode the current block using the multi-hypothesis prediction block.

{0018} In another example, a deviee for decoding video data mchudes 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 svntax element for a second
prediction block, the second prediction Mock representing an additional prediction
bypothesis for the current block, wherein the merge mode syntax clement indicates
whether motion information for the sccond prediction block 1s coded usig merge mode:
means for coding motion information for the second prediction block according to the
merge mode syntax clement, inchuding means for forming, when the merge mode syotax
clement 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, cach
of the merge candidates representing respective sets of uni-prediction motion
mformation; means for gencrating the second prediction block for the current block of
video data using the motion information; means for forming a multi-hyvpothesis
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 multi-
hypothesis prediction block.

{8011} 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

{6012} FIG. 1 s a block diagram illustrating an example video encoding and decoding

system that may perform the techmgues of this disclosure.
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{0013} F1G. 2 is a conceptual diagram illustrating a table representing an example
scheme for uni~prediction motion vector selection for geometric partitioning mode
{GPM).

{6614} FIG. 3 1s a block diagram tllustrating an example video encoder that may
perform the techniques of this disclosure.

[0015] FIG. 4 15 a block diagram tlustrating an example video decoder that may
perform the technigues of this disclosure.

{0016} FIG. 5 1s a flowchart tHustrating an example method for encoding a current
block in accordance with the techniques of this disclosure.

{8017} FIG. 615 a flowchart iHustrating an example method for decoding a current
block in accordance with the techmques of this disclosure.

{6618} FIG. 7 1s a flowchart thustrating an example method of decading video data

according to the technigues of this disclosure.

BETAILED DESCRIPTION

{3019} Video coding generally includes partitioning pictures of a series of pictures into
respective blocks, then coding (encoding or decoding) cach of the blocks. Codinga
block generally includes predicting the block and coding a residual for the block, that s,
a set of differences between the predicted block and the actual block. Prediction can be
mtra-picture (that 15, predicting the current block using data of the picture ncluding the
block} or mter-pictare (that is, predicting the current block using data of one or more
previously coded pictures). Multiple hypothesis inter-prediction refers to using multiple
reference blocks in one or more previcusly coded pictures to predict a current block.
For example, a video coder may gencrate two or more prediction blocks, then combine
values of the prediction blocks using averaging, weighted prediction, or the like.

{6028} nter-prediction may be signaled using varous 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 is used to predict a motion vector of the current block, and other motion
mformation {¢.g., motion vector difference values and reference picture wdentifving

mformation} is coded to form the motion information of the current block.
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{06021} Thas disclosure describes various example techoiques that may be used to apply
merge mode signahing 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
disclosure may include coding a merge flag that indicates whether motion information
for an additional hypothesis is coded using merge mode or AMVP mode. In particular,
signaling the motion information for each motion vector may result in signaling excess
data that can overly increase overhead signaling for a video bitstream, and require
excess encoding, decoding, and other processing operations. By using merge mode to
code motion information for multi-hypothesis inter-prediction, the signaling overhead
and the encoding, decoding, and other processing operations can be redaced, without
diminishing video quality.

{6022} To some exanples, a video coder {encoder or decoder) may, when the motion
mformation for the additional hypothesis 1s coded using merge mode, construct 3 merge
candidate list for the additional hypothesis such that all merge candidates in the merge
candidate list are uni-prediction motion intormation candidates. For example, ifa
neighboring block to be used as a merge candidate is coded using bi-prediction
mchuding first and second motion information, the video coder may construct 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 information and a second merge candidate using
the second motion information.

{0023} In some examples, the video coder may apply local illunination compensation
(LIC) to the additional hypothesis if LIC is apphied to the base hypothesis. The video
coder may perform LIC in this way in addition to, or in the alicrnative to, the technigues
discussed above.

{3024} Tn some examples, the video coder mav detcrmine an nterpolation filter to apply
when calenlating values for half-sample (half-pixel or half-pel) positions for luminance
data. For example, if the motion information for the additional hypothesis is coded
using merge made, the mnterpolation fitter may be detcmmined according to the
wterpolation filter of the merge candidate, nstead of the base mode. As another
example, if the motion information for the additional hypothesis is coded using AMVP,

the interpolation filter may be determined according to the base mode. The video coder
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may perform interpolation filter wnheritance in any of these ways in addition to, or in the
altemative to, the techmigues discussed above.

{8625} FIG. 1 1s a block diagram illustrating an example video encoding and decoding
systern 100 that may perform the techniques of this disclosure. The techniques of this
disclosure are gencrally directed 1o coding {encoding and/or decoding) video data. In
general, video data includes any data for processing a video, Thus, video data may
mclade raw, sacoded video, encoded video, decoded {¢.g., reconstructed) video, and
video metadata, such as signaling data.

{0026} Asshown 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 mediom [0, Source device 102 and destination device
116 may comprise any of a wide range of devices, including desktop computers,
notebook (i.c., laptop) computers, mobile devices, tablet computers, set-top boxes,
telephone handsets such as smartphones, televisions, cameras, display devices, digital
media players, video ganung consoles, video streaming device, broadeast receiver
devices, or the Hke. In some cases, source device 102 and destination device 16 may
be equipped for wireless communication, and thus may be referred to as wireless
communication devices.

{3027} T the example of FIG. |, source device 102 meludes video source 104, memory
106, video encoder 200, and output mnterface 108, Destination device 116 includes
wput 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 formation for multi-hypothesis inter-prediction. Thus, souwrce 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 components 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 integrated display device.

{0028} System 100 as shown 1n FIG. 1 15 merely one example. In gencral, any digital
video encoding and/or decoding device may perform techniques for coding motion

mformation for multi-hypothesis ter-prediction. Source device 102 and destination
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device 116 arc merely examples of such coding devices in which source device 102
generates coded video data for transmission to destination device 116, Ths disclosure
refers (o 8 “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 coding
devices, i 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 mammner such that each of source device 102 and destination device 116
includes video encoding and decoding components. Hence, system 100 may support
one-way or two-way video transmission between source device 102 and destination
device 116, ¢.g., for video streaming, video plavback, video broadcasting, or video
telephony.

{06629} In general, video source 104 represents a source of video data (i.e.. raw, uncoded
video data) and provides a scquential series of pictures (also referred to as “frames™) of
the video data to video encoder 200, which encodes data for the pictures. Video source
104 of source device 102 may include a video capture device, such as a video camera, a
video archive contamning 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 combination of
live 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 rearrange the pictures from the received order (sometimes referred o
as “display order™} into a coding order for coding. Video encoder 200 may generate a
bitstream includiog encoded video data. Source device 102 may then output the
encoded video data via output interface 108 onto computer-readable medium HO for
reception and/or retrieval by, e g, input mterface 122 of destination device 116,

{6838} Memory 106 of source device 102 and memory 120 of destination device 116
repreosent 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 alternatively, memories 106, 120 may store software
mstructions gxecutable 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 thus example, it should be understood that video encoder 200
and video decoder 300 may also include internal memortes for functionally similar or

equivalent parposes. Furthermore, memories 106, 120 may store encoded video data,
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¢.g.. output from video encoder 200 and input to video decoder 300, In some examples,
portions of memonies 106, 120 may be allocated as one or more video buffers, e.g., to
store raw, decoded, and/or encoded video data.

{6631} Computer-readable medium 110 may represent any type of medium or device
capable of transporting the encoded video data from source device 102 to destination
device 116, In one example, computer-readable medium 110 represents a
communication medium to enable source device 102 to transmit encoded video data
directly to destination device 116 in real-time, e.g.. via a radio frequency network or
computer-based network. Output interface 108 may modulate a transmission signal
imchiding the encoded video data, and input interface 122 may demodulate the received
transmission signal, according to a communication standard, such as a wireless
communication protocol. The conumunication medivm may comprise any wirgless or
wired communication medium, such as a radio frequency (RF} spectrum or one or more
physical transmission lines. The commumcation mediurn may form part of a packet-
based network, such as a local area network, a wide-arca network, or a global network
such as the Internet. The communication medium may include routers, switches, base
stations, or any other equipment that may be useful to facilitate communication from
source device 102 to destination device 116.

{6032} In some examples, source device 102 may output encoded data from output
mterface 108 1o storage device 112, Similarly, destination device 116 may access
encoded data from storage device 112 via input interface 122, Storage deviee 112 may
mclude any of a variety of distributed or locally accessed data storage media such asa
hard drive, Blu-ray dises, DVDs, CD-ROMs, flash memory, volatile or non-volatile
memnory, or any other suitable digital storage media for storing encoded video data.
{8033} In some examples, source device 102 may output encoded video data to file
server 114 or another intermediate storage device that may store the encoded video data
gencrated 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 data to the destination device 116, File
server |14 may represent a web server {(e.z., for a website), a server configured to
provide a file transfer protocol service (such as File Transter Protocol (FTP) or File
Delivery over Unidirectional Transport {FLUTE} protocol), a content delivery network

{CDN} device, a hypertext transfer protocol (HTTP) server, a Multimedia Broadcast
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Multicast Service (MBMS) or Enhanced MBMS (eMBMS) server, and/or a network
attached storage (NAS) device. File server 114 may, additionally or altemnatively,
mnplement one or more HTTP streaming protocols, sach as Dynamic Adaptive
Streaming over HETP (DASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocol (RTSP), HTTP Dyvoamic Streaming, or the like.

{3035] Destination device 116 may access encoded video data from file server 114
through any standard data connection, inchiding an Internet connection. This may
include a wireless channel {c.g., a Wi-Fi connection), a wired connection {e.g., digital
subscriber line (DS1), cable modem, etc.), or a combination of both that is suitable for
accessing encoded video data stored on file server 114, Input interface 122 may be
configured to operate according to any one or more of the various protocols discussed
above for retrieving or receiving media data from file server 114, or other such
protocols for retricving media data.

{3036] Cutput mterface 108 and input interface 122 may represent wucless
transmitiers/reccivers, modems, wired networking components {¢.g., Ethernet cards),
wircless communication 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 mput 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 communication standard, such as 4G, 4G-LTE (Long-Term
Evolution), LTE Advanced, 5G, or the hike. In some examples where output interface
108 comprises a wireless transmitter, output interface 108 and input interface 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 IEEE 802 .15 specification {c g.,
LigBee™) a Bluetooth™ standard, or the like. In some examples, source device 102
and/or destination device 116 may mclhude respective system-on-a-chip (So(} devices.
For example, source device 102 may include an SoC device to perform the functionality
attributed to video encoder 200 and/or output nterface 108, and destination device 116
may include an SoC device to perform the functionality attributed to video decoder 300
and/or input interface 122,

{6037} The techniques of this disclosure may be applied to video coding in support of
any of a varicty of multimedia applications, such as over-the-air television broadcasts,
cable television transmissions, satelite television transmissions, Internet streaming

video transmussions, such as dynamic adaptive streaming over HTTR (DASH]), digital
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video that 1s encoded onto a data storage medium, decoding of digital video stored ona
data storage medium, or other apphcations.

{8038} Input interface 122 of destination device 116 recetves an encoded video
bitstream from computer-readable medium 110 {e.g.. a commmunication medium, storage
device 112, file server 114, or the like). The encoded video bitstream may include
signaling information defined by video encoder 200, which is also used by video
decoder 300, such as syntax elements having values that desenibe characteristics and/or
processing of video blocks or other coded units {¢.g , slices, pictures, groups of picturcs,
sequences, or the like). Display device 118 displays decoded pictures of the decoded
video data to a user. Dhsplay deviee 118 may represent any of a vanety of display
devices such as a liquad crystal display (LCD), a plasma display, an organic hight
emitting diode (OLED) display, or another type of displav device.

{0039} Although not shown in FIG. 1, in some examples, video encoder 206 and video
decoder 300 may each be integrated with an audio encoder and/or audio decoder, and
may include appropriate MUX-DEMUX units, or other hardware and/or software, to
handlc multiplexed streams including both audio and video 10 a commeon data stream.
{8048} Video encoder 200 and video decoder 300 each may be tuplemented as anv of a
variety of surtable encoder and/or decoder circuitry, such as ong or more
microprocessors, digital signal processors {DSPs), application specific integrated
circuits {ASICs), ficld progranunable gate arrays (FPGAs), discrete logic, software,
hardware, firmware or any combinations thercotf. When the fechniques are implemented
partially in software, a device may store nstructions for the software in a suitable, non-
transitory computer-readable medium and execute the instructions in hardware using
one or more processors to perform the technigues of this disclosure. Each of video
encoder 200 and video decoder 300 may be meluded i one or more encoders or
decoders, either of which may be integrated as part of a combined encoder/decoder
{CODEC) 1n a respective device. A device nchuding video encoder 200 and/or video
decoder 300 may comprise an integrated circuit, a microprocessor, and/or a wireless
communication device, such as a cellular telephone.

{3041} Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as ITU-T H.265, also referred to as High Efficiency Video
Coding (HEVC) 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 proprietary or industry standards, sach 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 operate according to a proprictary video codec/format, such
as AQMedia Video 1 (AV 1), extensions of AVE and/or successor versions of AV (e g,
AV2). 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 limited to any particular coding standard or format. In
general, video encoder 200 and video decoder 360 may be configured to perform the
techniques of this disclosure in conjunction with any video coding technigues that code
motion information for multi-hypothesis inter-prediction.

{8042} In general, video encoder 200 and video decoder 300 may perform block-based
coding of pictures. The term “block”™ generally refers to a structure including data to be
processed {e.g ., encoded, decodad, or otherwise used in the encoding and/or decoding
process). For example, a block may include a two-dunensional matrix of samples of
tuminance and/or chrominance data. Tn general, video encoder 200 and video decoder
300 may code video data represented ina YUV {e.g., Y., Ch, Cr) format. That is, rather
than coding red, green, and blue {(RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code lununance and chrominance components, where the
chrominance components may include both red hue and blue hue chrominance
components. In some examples, video encoder 200 converts received RGB formatted
data to a YUV represcotation prior to encoding, and video decoder 300 converts the
YUV representation to the RGB format. Aliemnatively, pre- and post-processing units
{not shown} may perform these conversions.

{30343} This disclosure may generally refer to coding (e.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 inchudes a series of values for syntax elements
representative of coding decisions {¢.g., coding modes) and partitioning of pictures mnto
blocks. Thus, references to coding a picture or a block should generally be understood
as coding values for syntax clements forming the picture or block.

{6044} HEVC defines various blocks, including 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 unit (CTU} into CUs according to a quadtree

structure. That is, the video coder partitions CTUs and Cls into four equal, non-
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overlapping squares, and each node of the quadtree has either zero or four child nodes.
Nodes without child nodes may be referred to as “leaf nodes,” and CUs of such leaf
nodes may include 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 quadtree (RQT)
represents partitioning of TUs. In HEVC, PUs represent uter-prediction data, while
TUs represent residual data. s that are mtra~predicted nchude mtra~-prediction
mformation, such as an intra-mode indication.

{3045} As another example, video encoder 200 and video decoder 300 may be
configured to operate according to VVC. According to VVC, a video coder {such as
video encoder 200) partitions a picture into a plurality of coding tree units (CTUs).
Video encoder 200 may partition a CTU according 1o a tree structure, such as a
quadtree-binary tree (QTBT) structure or Multi-Type Tree (MTT) structure. The QTBT
structure removes the concepts of multiple partition types, such as the separation
between CUs, PUs, and TUs of HEVC. A QTBT structure includes two levels: a first
level partitioned according to quadtree partitioning, and a second level partitioned
according to binary tree partitioning. A root node of the QTBT structure corresponds to
a CTU. Leafnodes of the binary trees correspond to coding umts (CUs).

{8046} 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 (TT)
{also calied tomary tree {TT)) partitions. A triple or ternary tree pariition is a partition
where a block 13 split info three sub-blocks. In some examples, a triple or ternary {ree
partition divides a block into three sub-blocks without dividing the original block
through the center. The partitioning tyvpes in MTT (e.g.. QT, BT, and TT), may be
symametrical or asvounctrical.

{0647} When operating according to the AV 1 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 either
128x128 luma samples or 54x64 luma samples. However, in successor video coding
formats {e.g., AV2)}, 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 quadiree. Video
encader 200 may further partition a superblock juto smaller coding blocks. Video
eocoder 200 may partition a superblock and other coding blocks indo smaller blocks

using square or non-square partitioning. Non-square blocks may include N/2xIN,
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NxN/2, N/4xN, and NxN/4 blocks. Video encoder 200 and video decoder 300 may
perform separate prediction and transform processes on each of the coding blocks.
{8048} AV also defines a tile of video data. A tile s a rectangular array of superblocks
that may be coded independently of other tiles. That is, video encoder 200 and video
decoder 300 may encode and decode, respectively, coding blocks within a tile without
using video data from other tiles. However, video encoder 200 and video decoder 300
may perform filtering across tile boundaries. Tiles may be uniform or non-uniform in
size. Tile-based coding may enable parallel processing and/or multi-threading for
encoder and decoder mplementations.

{8045} In some examples, video encoder 200 and video decoder 300 may use a single
QTBT or MTT structure to represent cach of the luminance and chrominance
comaponents, while in other examples, video encoder 200 and video decoder 300 may
use two or more QTRT or MTT structures, such as one QTBT/MTT structure for the
turmmnance component and another QTBT/MTT structure for both chrominance
components {or two QTBT/MTT structures for respective chrominance components).
10056} Video encoder 200 and video decoder 300 may be configured to use quadtree
partitioning, QTBT partitioning, MTT partitioning, superblock partitioning, or other
partitioning stractares.

{8651} In some examples, a CTU mmcludes a coding tree block (CTB) of luma samples,
two corresponding CTBs of chroma samples of a picture that has three sample arcays, or
a CTB of samples of a monochrome picture or a picture that is coded using three
separate color planes and syntax structures used to code the samples. A UTB may be an
NxN block of samples for some value of N such that the division of a component into
CTBs is a partitioning. A component 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 arrav for a picture in monochrome format. In some
examples, a coding block is an MxN block of samples for some values of M and N such
that a division of a CTB mto coding blocks 1s a partitioning.

{3052} The blocks (e.g., CTUs or CUs} may be grouped in various ways in a picture.
As one example, a brick may refer o a rectangular region of CTU rows within a
patticular tile v a picture. A tile may be a rectangular region of CTUs within a
patticular tile column and a particular tile row in a picture. A tile columon refersto a
roctangular region of UTUs having a height equal to the height of the picture and a

width specified by syntax clements (e.g., such as in a picture parameter set). A tile row
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refers to a rectangular region of CTUs having a height specificd by syntax clements
{e.g., such as in a picture parameter set) and a width equal to the width of the picture.
{8633} In some examples, a tile may be partitioned into multiple bricks, each of which
may include one or more CTU rows within the tile. A tile that is not partitioned into
multiple bricks may also be referred to as a brick. However, a brick that is a true subset
of atile may not be referred to as a tile. The bricks in a picture may also be arranged in
aslice. A shce may be an integer number of bricks of a picture that may be exclusively
contained in a single network abstraction laver (NAL) unit. In some examples, a shice
mcludes either a number of complete tiles or only a consecutive sequence of complete
bricks of one tile.

{8054} Tius disclosure may use “NxN” and “N by N7 interchangeably to refer (o 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. o general, a
16x16 CU will have 16 samples in a vertical duection (v = 16} and 16 samplesin a
horizontal direction (x = 16}, Likewise, an NxN CU generally has N samples in a
vertical direction and N samples in a horizontal direction, where N represents a
nonnegative integer value, The samples in a CU may be arranged in rows and colummns.
Moreover, CUs need not necessarily have the same nomber of samples in the horizontal
direction as in the vertical direction. For example, CUs may comprise NxM samples,
where M is not necessanily equal to N

3055} Video encoder 2060 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 represcuts sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

{8856} To predict a CU, video encoder 200 may gencrally 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 inter-prediction, video encoder 200 may generate the prediction block using
one or more motion vectors. Video encoder 200 may generally perform a motion search
to identify a reference block that closcly matches the CU, ¢.g., 10 terms of differcnces
between the CU and the reference block. Video encoder 200 may caleulate a difference

metric using a sum of absolute difference (SAD), sum of squared differences {SSDy),
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mean absolute differcnce (MAD), mean squared differences (MS13), 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 carrent CU using
wni-directional prediction or bi-directional prediction.
{0057} Tn HEVC, as one example, a bi-directional prediction {also referred to 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 VVC_ as
another example, the bi-prediction mode is extended bevond simple averaging to allow
weighted averaging of the two prediction signals. The following cquation represents
ong example of generation of a prediction block using bi-prediction:

Pyiprea = ((8 —wY= Py +wxP + 4:) 3 (H
{0658} In equation {1} above, Peiprqg ropresents a prediction block formed using bi-
prediction, Po represents a first prediction block formed from a first set of motion
mformation and a first reference picture, Pi represents a second prediction block formed
from a second set of motion information and a second reforence pictare, w represents a
weight value, and *>>" represents a bitwise right-shift 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 determiined in one of two ways: 1) fora non~
merge CU, the weight index is signalled afier the motion vector difference; 2) for a
merge CU, the weight index is inferred from neighbouring blocks based on the merge
candidate index. In VV(, bi-prediction with CU-level weights (BCW) 15 only apphed
to CUs with 256 or more tuma samples (e, CU width times CU height 1s greater than
or equal 1o 256). For low-delay pictures, all 3 weights are used. For non-low-delay
pietures, only 3 weights (w€{3,4,5}) are used.
{8659} In HEVC, video coders may code motion vector differences (MVDs),
representing differences between the motion vector and predicted motion vector of a
CU, munits of quarter-luma-sample when use_integer_mov_flag (that 15, a syntax
clement representing whether integer-level or sub-integer level precision 1s used) is
equal to 0 (indicating sub-integer precision) in the slice header. VVC introduced a CU-
level adaptive motion vector resolution (AMVR) scheme. AMVR allows the MVD of
the CU to be coded n a different precision. Depending on the mode {(e.g., normal
AMVP mode or affine AVMP mode) for the current CU n VVC, the MVDs of the

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

{3068} The video coder may conditionally code a CU-level MVD resolution if the
current CU has at least one non-zero MVD component, per VVC. K all MVD
components (that is, both horizontal and vertical MVDs for reference list LO and
reference list L1) are zero, the video coder may mfer that quarter-luma-sample MVD
resolution 1s used, without coding additional data to represent the precision {resolation}.
{8861} For a CU that has at least one non-zero MVD component, per VVC, a first flag
is signalled to indicate whether quarter-luma-sample MVD precision is used for the CUL
If the first flag 15 0, no further signaling 1s needed and quarter-luma-sample MVD
precision is used for the carrent CU. Otherwise, the video coder codes a second flag
that indicates that half-luma-sample or other MYD precisions (integer or four-fuma
sample) is used for a normal AMVP CU. In the case of half-luma-~-sample, per VVC, a
6-tap interpolation filter instead of the defanlt 8~tap nterpolation filter 1s used for the
half-luma sample position. Otherwise, per VVC, a third flag is signalied to indicate
whether integer-fuma-sample or four-luma-sample MVD precision s used for normal
AMVP CU. In the case of affine AMVP CU, the sccond flag s used to indicate whether
miteger-huma-sample or 1/16 luma-sample MVD precision i3 used. In order to ensore
the reconstructed MV has the intended precision (quarter-luma-sample, half-luma-
sample, integer-luma-sample or four-luma-sample), 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 MVDB. The video coder may round the motion vector
predictors toward zere (that is, a negative motion vector predictor is rounded toward
posttive infinity and a positive motion vector predictor is rounded toward negative
mfinity ).
j3062] FI1G. 2 15 3 conceptual diagram illustrating a table representing an example
scheme for uni-prediction motion vector selection for geometric partitioning mode
(GPM}. VVCincludes GPM for inter-prediction. In VYV, the geometric partitioning
mode is signalied using a CU-level flag as one kind of merge mode, with other merge
modes including the regolar merge mode, the merge with MVD (MMVD) mode, the

crogs-component intra prediction {CUP) mode and the subblock merge mode. In total,
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64 partitions arc supported by geomctric parttitioning mode for cach possible CU size
wX h= 2™ w2 withm,n € {36} excluding 8x64 and 64x8.
{0063} When thus mode 15 used, per VVC, a CU 15 spht mto two parts by a
geometrically located straight line. Each part of a geometric partition in the CU 15 inter-
predicted using #s own motion; only uni-prediction is allowed for cach partition, that is,
cach part has one motion vector and one reference index. The uni-prediction motion
constraint is applied to ensure that same as the conventional bi-prediction, only two
motion compensated prediction are needed for cach CU. The uni-prediction motion for
gach partition is derived using the process described n the following:
The uni-prediction candidate hist is dertved directly from the meige
candidate hst constructed according to the extended merge prediction
process in VVC. Denocte n as the index of the wni-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 parity of n, 1s used as the o-
th uni-prediction motion vector for geometric partitioning mode. These
motion vectors are marked with “x” in FIG. 2. In case a corresponding LX
motion vector of the n-the extended merge candidate does not exist, the L{1
— X) motion vector of the same candidate is used mstcad as the uni-
prediction motion vector for geometric partiioning mode,
{8664} If geometric partitioning mode is ased for the current CU, per VVC, the video
coder may further code a geometric partition index indicating the partition mode of the
geometric partition {angle and offset), and two merge indices {one for cach partition).
According to YV, the number of maximom GPM candidate size 1s coded exphently m
a sequence parameter set {(SPS) and specifies svntax 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.
{6065} In nearly all previous and current video coding standards, video coders may
craploy etther uni-direction or bi~direction to temporally predict blocks of video data,
which is a single prediction hypothesis. Mubhtiple hypothesis prediction {MHP) was
described in Winken et al,, “Multi-hypothesis inter-prediction,” 10" Meeting of IVET
of ITU-T SG 16 WP 3 and ISOAEC ITC 1/8C 29/WG 11, April 10-20, 2018, document
no IVET-J004 1 Winken ot al., “CE10: Multi-Hypothesis Inter Prediction (Tests 1.5 -
1.8),7 11" Meeting of IVET of ITU-T 5G 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11,
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July 10-18, 2018, document JVET-K0269; Winken et al , “CE10: Multi-Hypothesis
Inter Prediction (Tests 1.2.a - 1.2.¢).” 12 Meeting of IVET of TTU-T SG 16 WP 3 and
ISOAEC JTC 1/8C 29/WG 1, October 312, 2018, document JVET-L0148 {¢3); and
Winken ¢t al., “CE10: Multi-hypothesis inter prediction (Test 10.1.2),” 13™ Meeting of
JVET of ITU-T SG 16 WP 3 and ISG/IEC JTC 1/SC 29/WG 1, Japuary 9-18, 2019,
document no. IVET-M0425. In MHP per VVC, an inter prediction method allows
weighted saperposition 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 p;, 4y and the first additional inter prediction
signal/hypothesis k;, the resulting prediction signal p; 1s obtained as follows, per VV:

B3 = (1= Py + ths )
{0866} In cquation (2), ps ropresents a resulting prediction signal, puwini represents a first
prediction block from a first prediction hypothests, h3 represents a second prediction
block from a second prediction hypothesis, and o represents a weight value, Tn VV(,
the weighting factor «r is specified by the syntax element add_hyp_weight 1dx,

according to the following mapping:

add_byp_weight idx | «
0 1/4

1 -178

{8867} Analogously to above, more than one additional prediction signal can be used.
Por VV{, the resulting overall prediction signal is accumulated iteratively with each
additional prediction signal, as follows:

Prsr = (1= @y dPn + @npafnn (3)
{6068} The resulting overall prediction signal is obtained as the last p,, (1.¢., the p,
having the largest index n}.
{8869} For inter prediction blocks using MERGE mode (but not SKIP mode), additional
mter prediction signals can also be specified. For the additional prediction signals, one
of the two AMVP candidate lists 1s used, per VVC:

& If the picture order count (POC) of the reference picture of the additional
prediction signal equals the POC of the used listl reference picture, the listd
AMVP candidate list 1s used.

e (therwise the listd AMVP candidate hist 1s used.
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{6670} Chang et al., “Compression efficiency methods beyond YVC,” 21% meeting of
WET of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29, Jamuary 6-15, 2021, document
no. JVET-UG100, describes local iHlununation compensation (LIC). LIC is an inter
prediction techoique to model local ihumination 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 scale o and an
offset 5, which forms a linear equation, that 15, «¥px}+f to compensate illununation
changes, where pfx] is a reference sample pointed to by MV at a location x on reference
picture. Sinee o and S 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 made to indicate the use of LIC.
{8671} Local illununation compensation for uni-prediction inter CUs was also described
m Seregin et al., “CE4-3.1a and CE4-3.1b: Unidirectional local ilfamination
compensation with affine prediction,” July 3-12, 2019, document no. IVET-00066,
with the following modifications:
e Intra neighbor samples can be used m LIC parameter derivation;
e LI ig disabled for blocks with less than 32 luma samples;
¢ For both non-subblock and affine modes, LIC parameter derivation is performed
based on the templaie block samples corresponding to the current CU, instead of
partial template block samples corresponding to first top-left 16x16 umt;
¢ Samples of the reference block template are generated by using MC with the
block MV without rounding it 1o integer-pel precision.
{3072} Referring again to FIG. 1, according to various technigues of this disclosure,
video encoder 200 and video decoder 300 may be configured to perform merge mode
for multi-hypothesis mter-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 in the AMVP mode) for the additional
hvpothesis, video encoder 200 and video decoder 300 may code a merge flag to mdicate
whether the motion information for the additional hvpothesis is coded using MERGE
mode or AMVP mode. If the merge flag is trae, then vides encoder 200 and video
decader 300 may code a merge ndex to indicate the merge candidate for the additional

hypothesis. Ifthe merge flag 1s 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.

{8073} 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 each 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 partitioning mode, for example as in VVC.
Therefore, merge mode for the additional hvpotheses may share the same merge
candidates list as in geometric partitioning mode.

{8074} 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
constract either 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 information 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 either or both of the first motion information and/or the second
motion mformation. Thus, video encoder 200 and video decoder 300 may form a wu-
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 sccond uni~-prediction merge candidate from the
neighboring block using the second motion imformation.

0875} In some examples, video cncoder 200 and video decoder 300 may code the
merge flag for the additional hypothesis as the merge flag for the base mode (where
“base mode” refers to the mode on top of which the additional hypothesis is 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 hypothesis using a new CABAC context that 15 different
from the CABAC context that was used for the merge flag signaled in the base mode.
8876} In some examples, video cncoder 200 and video decoder 300 may code the
merge ndex for the additional bypothesis using the same CABAC context(s) that is/are
used for signahing the merge index for MERGE mode. In other examples, video

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

{8877} By allowing merge mode to be used to code motion information for an
additional hypothesis according to the techuigues of this disclosure, motion information
coded in the bitstream may be reduced. That is, rather than coding cach of a candidate
mdex, a motion vector difference, a reference picture list indicator, and a reference
mdex as motion information for the additional hyvpothesis, video encoder 200 and video
decoder 300 may code a merge mdex indicating whether merge mode 1s used to code
the motion informanion for the additional hypothesis, and if so, stmply 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
black can be reduced.

{3878} In some exaniples, 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 hypothesis. Therctore, the number of merge
candidates n the current additional hypothesis may be reduced. Thus, signaling of the
merge index can be correspondingly modified to save bits. For example, if merge
candidate i is used in the ordinal 1% additional hypothesis and the total number of
candidates 1s 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 truncated
binarization code, for example, truncated unary code with the maximum codeword
length being N-1 instead of N.

{8879} In some examples, video encoder 200 and video decoder 300 may apply local
tlumination compensation (LIC}) to additional hypotheses in merge and/or AMVP mode
H LIC is applied to the base mode. In other examples, video encoder 200 and video
decoder 300 may infer that LIC is to be applied to the additional hypotheses it the
additional hypothesis uses AMVP mode and LIC was applied to the base mode. If the
additional hypothesis uses merge mode and LIC was applied to the base mode, video
encoder 200 and video decoder 300 may code a LIC flag of a merge candidate

representing whether LIC is to be applied to the additional hypothesis.
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{6086} In VVC, i the case of half-luma-sample MV resolution, a 6-tap interpolation
filter 1s used instead of the default -tap interpolation filter for the half-luma sample
position. A merge candidate may inherit such filter switching. According to the
techniques of this disclosure, if the motion information for an additional hypothesis is
coded using merge mode, whether to apply an alternative switching filter for
mterpolating a half-luma-sarople position or other sample positions may depend on the
merge candidate of the additional hypothesis, instead of that of the base mode.
Alternatively, if the additional hypothesis 1s AMVYP mode, whether to apply an
alicmative switching filter for interpolating a half-luma-sample position or other
positions may depend on whether interpolation filter switching is performed n the base
mode.

{6081} Some examples of VVC also provide an affine motion compensation mode,
which may be considered an mter-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 cut, rotation, perspective motion, or other
irregular motion types.

{6082} To perform mira-prediction, video encoder 200 may select an intra-prediction
mode to generate the prediction block. Some examples of VVC provide sixty-seven
mira-prediction modes, including various directional modes, as well as planar mode and
DC mode. In general, video encoder 200 selects an intra-prediction mode that describes
neighboring samples to a current block {e.g., a block of a CU) from which to predict
samples of the current block. Such samples may generally be above, above and to the
fett, or to the left of the current block in the same picture as the current biock, assuming
video encoder 200 codes CTUs and CUs in raster scan order (left to right, top to
botiom).

{6883} 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 vartous available ger-prediction modes s 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 motion vector prediction {AMVYP) or merge mode. Video encoder 200 may
use similar modes to encode motion vectors for affine motion compensation mode.
{8084} AV includes two general techniques for encoding and decoding a coding block

of video data. The two general techniques are intra prediction (e.g., intra frame
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prediction or spatial prediction} and mier 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 video 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 carrent block and predicted values generated from reference
samples in the same frame. Video encoder 200 determines predicted values generated
from the reference samples based on the intra prediction mode.

{6083} 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 restdaal 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 ray apply one or more transforms to the residual block, to produce
transformed data in a transform domain mstead of the sample domain. For example,
video encoder 200 may apply a discrete cosinge transform (BCT), an integer transform, a
wavelet transform, or a conceptually stmilar 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 transtorm cocfficients following application of the one or more
transforms.

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

{0087} Following quantization, video encoder 200 may scan the transtorm coefficients,
producing a one-dimensional vector from the two-dimensional matrix including the

guantized transform coefficients. The scan may be designed to place higher energy {and
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therefore lower frequency) transform coetficients at the front of the vector and to place
lower energy (and therefore higher frequency) transform coefficients at the back of the
vector. In some examples, video encoder 200 may utilize a predefined scan order to
scan the quantized transtorm cocfficients to produce a serialized vector, and then
entropy encode the quantized transform coefficients of the vecior, Tn other examples,
video encoder 200 may perform an adaptive scan. After scanning the guantized
transtorm coefficients to form the one-dimensional vector, video encoder 200 may
entropy encode the one~-dimensional vector, €.z, 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 in decoding the video data.

{6088} To perform CABAC, video encoder 200 may assign a context within a context
maodel 1o a symbol to be transmitted. The context may relate to, for example, whether
neighboring values of the symbol are zero-valued or not. The probability determination
may be based on a context assigned to the symbol.

0089} Video encoder 200 may further generate syntax data, such as block-based syntax
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 svntax data, such as a
sequence parameter set {SPS), picture parameter set {PPS), or video parameter set
{VPS). Video decoder 300 may likewise decode such syntax data to deternune how to
decode corresponding video data.

{3090} 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.

{6891} 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 of the bitstream using
CABAC in a mamner substantially similar to, albeit reciprocal to, the CABAC encoding
process of video encoder 200, The syntax elements may define partitioming information
for partitioning of a picture mto CTUs, and partitioning of each CTU according to a
corresponding partition structure, such as a QTBT structure, to define CUs of the CTU.
The svntax elements may further define prediction and residual information for blocks

{c.g., CUs) of video data.
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{06092} The residual information may be represented by, for example, quantized
transform coefficients. Video decoder 300 may 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 inter-prediction}
and related prediction mformation {e.g., motion information for tter-prediction) to form
a prediction block for the block, Video decoder 300 may then combine the prediction
block and the residual block {on a sample-by-sample basis) to reproduce the original
block. Video decoder 300 may perform additional processing, such as performing a
deblocking process to reduce visual artifacts along boundaries of the block.

{8093} Thus disclosure may generally refer to “signaling” certain information, such as
syntax elements. The term “signaling” may generally refer to the commaunication of
values for syntax elements and/or other data used to decode encoded video data. That
is, video encoder 200 may signal values for svatax clements in the bustream. In
general, signaling refers to generating a value in the bitstream. As noted above, source
device 102 may transport the bitstream to destination device 116 substantially in real
time, or not 1o real tume, such as might occur when storing syniax elements 1o storage
device 112 for later retrieval by destination device 116,

{6094} In this manner, video encoder 200 and video decoder 300 represent examples of
devices for decoding {and/or encoding} video data, including: 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; 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 clement indicates whether motion mformation
for the second prediction block 1s coded using merge mode; code motion information
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 syotax clement indicates that the motion fnformation for the second
prediction block is coded using merge mode, form a merge candidate hist 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 wformation; form a multi-hypothesis prediction

block for the carrent 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.

{8695} FIG. 3 is a block diagram illustrating an example video encoder 200 that may
perforn the techniques of this disclosure. FIG. 3 is provided for purposes of
explanation and should not be considered luntting of the tochnigucs as broadly
exemplified and described in thus disclosure. For purposes of explanation, this
disclosure describes video encoder 200 according to the technigues of VVC JTU-T

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

{06096} In the example of FIG. 3, video encoder 200 inchudes video data memory 230,
maode selection unit 202, residual generation unit 204, transform processing unit 206,
quantization unit 208, inverse quantization unit 210, inverse transform processing unit
212, reconstruction unit 214, filter unit 216, decoded picture buffer (BPB) 218, and
eotropy encoding unit 220, Aoy or all of video data memory 230, mode sclection unit
202, residual generation unit 204, transtorm processing umt 206, quantization unit 208,
mverse guantization unit 210, inverse transform processing unit 212, reconstruction unit
214, filter unit 216, DPB 218, and entropy encoding unit 220 may be mmplemented in
OBE OF MOTC PIOCCSSOLS OF 1 processing circuttry. For instance, the umts of video
encoder 200 may be implemented as one or more circuits or logic elements as part of
hardware circintry, or as part of a processor, ASIC, or FPGA. Morcover, video encoder
206 may include additional or altemative processors or processing circuitry to porform
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 receive the video data stored in video
data memory 230 from, for example, video source 104 (FIG. 1}, DPB 218 may actasa
reforence picture memory that stores reference video data for use i prediction of
subsequent video data by video encoder 200, Video data memory 230 and DPB 218
may be formed by any of a variety of memory deviees, such as dvnamic random access
memory (DRAM), including synchronous DRAM (SDRAM), magnetoresistive RAM
{MRAM}, resistive RAM (RRAM), or other types of memory deovices. 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
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other components of video encoder 200, as illustrated, or oft-chip relative to those
components.

{8098} In this disclosure, reference to video data memory 230 should not be interpreted
as being limited to memory intemal to video cncoder 200, unless specifically deseribed
as such, or memory external to video encoder 200, uniess specifically described as such.
Rather, reference to video data memory 230 should be understood as reference memory
that stores video data that video encoder 200 receives for encoding {e.g., video data for
a current block that is to be encoded). Memory 106 of FIG. 1 may also provide
temporary storage of outputs from the various units of video encoder 260,

{86951 The various units of FIG. 3 are llustrated to assist with understanding the
operations performed by video encoder 200, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof. Fixed-function
circuits refer to circutts that provide particular functionality, and arc preset on the
operations that can be performed. Programmmable circutts refer to circuits that can be
programmed to perform various tasks, and provide flexible fimctionality in the
operations that can be performed. For instance, programumable circuits may exociie
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 ., to receive parameters or cutput paramaeters), but the
types of operations that the fixed-function circutis perform are gencrally immutable. In
some examples, one or more of the units may be distinet circutt blocks (fixed-function
or programmable)}, and o some examples, one or more of the units may be mtegrated
CHCRILS.

{8108} Video encoder 200 may include anthmetic logic units {ALUs), clerentary
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 programamable circuits,
memory 106 (FIG. 1) may store the instructions (e.g., object code) of the software that
video encoder 200 receives and execuies, or another memory within video encoder 200
{(not shown} may store such instructions.

{6101} Video data memory 230 is contfigured to store received video data. Video
eocoder 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 is to be encoded.
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{6102} Mode selection untt 202 includes a motion estimation unit 222, a motion
compensation unit 224, and an idra~-prediction unit 226, Mode selection unit 202 may
mehude additional functional anits to perform video prediction in accordance with other
prediction modes. As examples, maode selection unit 202 may include a palette unit, an
mtra-block copy unit (which may be part of motion estimation unit 222 and/or motion
compensation unit 224), an affine umit, a linear model {LM) unit, or the hke.

{3103} Mode selection unit 202 generally coordmates multiple encoding passes to test
combinations of encoding parameters and resulting rate-distortion values for such
comtbinations. The encoding parameters may include partitioning of CTUs into CUs,
prediction modes for the CUs, transform types for residual data of the CUs, guantization
parameters for residual data of the CUs, and so on. Mods selection unit 202 may
vltimately select the combination of encoding parameters having rate-distortion values
that are better than the other tested combinations.

{3184] Video encoder 200 may partition a picture retrieved from video data memory
236 1ato a series of CTUs, and encapsulate one or more CTUs within a slice. Mode
selection untt 202 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 structure. Such a CU may also
be referred 1o generally as a “video block™ or “block.”

{3105] In general, mode selection unit 202 alse controls the components thereof (e.g.,
motion estimation unit 222, motion compensation unit 224, and mtra-prediction unit
226} to generate a prediction block for a current block {¢.g.. a corrent 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 1dentify one or more closely
matching reference blocks in one or more reference pictures (¢.g., one or more
previously coded pictures stored in DPB 218). In particular. motion estimation unit 222
may calculate a value representative of how sumilar a potential reference block 15 to the
current block, e.g., according to sum of absolute difference (SAD), sum of squared
differences (SSD), mean absolute difference (MADY), mean squared differences (MSD),
or the like. Motion estimation umit 222 may generally perform these caleulations using
sample-by-sample differcoces 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 calculations, indicating a reference block that most closely
matches the carrent block.

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

{6187} When performing multi-hypothesis inter-prediction, motion estimation unit 222
and motion compensation unit 224 may generate one or more additional prediction
blocks as additional hypotheses tor a current block using data of DPB 218,
Furthermore, video encoder 200 may be configured to apply any of the various
techniques of this disclosure for encoding motion information for the one or more
additional prediction hypotheses.

{6108} For example, motion compensation unit 224 may geocrate both a base mode
hypothesis and an additional hvpothesis. Motion compensation unit 224 may generate
the base mode hypothesis using uni-directional or bi-directional inter-prediction.
Motion compensation unit 224 may also generate the additional hypothesis using uni- or
bi~directional mter-prediction. Tn some examples, the additional hypothesis may be
restricted 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 or AMVYP mode. In
respounse to determining to encode the motion information for the additional hvpothesis

using merge mode, mode selection unit 202 may assign a value to a merge mode syntax
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clement indicating that the motion information for the additional hypothesis is encoded
using merge mode and encode the motion information using 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 sclection unit 202 may determine motion information from neighboring blocks
to a current block being encoded and add the motion infonmation for certain neighboring
blocks to the merge candidate list. Mode selection umit 202 may be configared to
restrict merge candidates o be only uni-directional prediction candidates {also referred
10 as “uni-prediction candidaies”). If a neighboring block is 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 neighboring block {¢.g., L0 motion information) and, i some
examples, a sccond merge candidate from a second set of motion information for the
neighboring block (e.g.. L1 motion mformation).

{6110} Mode sclection untt 202 may also form a merge index having a value indicating
which of the merge candidates is to be used to encode the motion information for the
additional hypothesis. In particular, mode selection unit 202 may determine whether
any of the merge candidates in the merge candidate list has motion mformation
matching that formed by motion estimation unit 222 for the additional hypothesis.
Mode selection umit 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
to encode the motion information for the additional hypothesis,

{6111} Motion compensation untt 224 may further combine the base hypothesis with
the additional hvpothesis, e.g., as an average of or a weighted combination of each
sample on a sample-by-sample basis. After combining the base hypothesis with the
additional hypothesis, motion compensation unit 224 may provide the resulting
prediction block to residual gencration wut 204 and reconstruction wit 214,

{3112} I addition or in the alternative, mode selection unit 202 may determune whether
to apply local illumination compensation (LIC) to the additional hypothesis according o
whether LIC was applied to the base hypothesis. For example, mode sclection unmit 202
may determine that LIC 1s to be applied to the additional hypothesis if LIC was apphied
to 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 hypothesis was
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encoded using AMVE, mode sclection unit 262 may deternune to perform LIC to the
additional hypothesis. Altlematively, if LIC was applied to the base hypothesis and
motion information for the additional hypothesis was encoded using merge mode, mode
selection unit 202 may determine whether to pertorm LIC on the additional hypothesis,
and encode a LAC syutax 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 variety of mterpolation filters to use to interpolate 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 1s encoded using AMVP, and when the previous block s
selected as a candidate for encoding motion nformation of an additional hypothesis,
mode selection unit 202 may determing to use a six-tap interpolation filter to interpolate
a value for a half-saraple position.

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

{8115} As another example, for intra-prediction, or intra-prediction coding, intra-
prediction unit 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, intra-prediction wit 226 may
calculate an average of the neighboring samples to the carrent block and generate the
prediction block to include this resulting average for cach sample of the prediction
block.

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

prediction modes.



WO 2022/213026 PCT/US2022/071289

{0117} Mode selection untt 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 selection unit 202.
Restdual generation unit 204 calculates sample-by-sample differences between the
current block and the prediction block. The resulting sample-by-sanple differences
define a residual block for the current block. In some examples, residual generation unit
204 may also determine differences between sample values in the residual block to
generate a residual block using residual differential pulse code modulation (RDPCM).
In some examples, residual gencration unit 204 may be formed using one or more
subtractor circuits that perform binary subtraction.

{8118} In examples where mode selection wnit 202 partitions CUs into PUs, each PU
may be associated with a luma prediction unit and corresponding chroma prediction
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 huma coding block of
the CU and the size of a PU may refer to the size of a luma prediction unit of the PU.
Assunung that the size of a particular CU is 2Nx2N, video encoder 200 may support PU
sizes of 2ZNx2N or NxN for intra prediction, and symmetnic PU sizes of 2Nx2N, 2NxN,
Nx2N, NxN, or similar for inter prediction. Video encoder 200 and video decoder 300
may alsa support asymmetric pattitioning for PU sizes of 2NxnU, 2NxnD nlx2N, and
BRx2N for inter prediction.

[3119] In examples where mode selection unit 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 2Nx2N, 2NN, or Nx2N.

{8128} For other video coding technigues such as an intra-block copy mode coding, an
affine-mode coding, and linear model (L M) mode coding, as some examples, mode
sclection unit 202, via respective units associated with the coding techniques, generates
a prediction block for the current block being encoded. In some examples, such as
palette mode coding, mode selection unit 202 may not generate a prediction block, and
mstead generate syntax clements that indicate the manner 1o which to reconstruct the
block based on a sclected palette. In such modes, mode selection untt 202 may provide

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

{3122] Transform processing unit 206 applies one or more transforms fo the residual
block to generate a block of transform coefficients (referred to herein as a “transform
coefficient block™). Transform processing unit 206 may apply various transforms to a
residual block to form the transform cocfficient block. For example, transform
processing unit 206 may apply a discrete cosine transform (DCT), a directional
transform, a Karhunen-Loeve transform (KLT}, or a conceptually similar transform o a
residual block. In some examples, transform processing unit 206 may perform multiple
transforms to a residual block, ¢.g., a primary transform and a secondary transform,
such as a rotational transform. In some examples, transform processing unit 206 does
not apply transforms to a residual block.

{6123} When operating according to AV, transtorm processing unit 206 may apply one
or more transforms to the residual block to 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
block. For example, transtform processing unit 206 may apply a honzontal/vertical
transform combination that may include a discrete cosine transform (DCT), an
asymmetric discrete sine transform {ADST), a flipped ADST (e.g., an ADST in reverse
order), and an identity transform (IDTX}. When using an identity transform, the
transform is skipped 1o one of the vertical or horizoutal directions. In some examples,
transform processing may be skipped.

{6124} Quantization unit 208 may quantize the transform cocfficients in a transform
coctficient block, to produce a quantized transform coefficient block. Quantization unit
208 may quantize travsform cocfficients of a transform coefficient block according to a
quantization parameter (QP) value associated with the current block. Video encoder
200 {(e.g., via mode selection unit 202} may adjust the degree of quantization applied to
the transform cocfficient blocks associated with the current block by adjusting the QP
value associated with the CU. Quantization may introduce loss of information, and
thus, gquantized transform coefficients may have lower precision than the original

transform coefficients produced by transform processing unit 206,
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16128} Inverse quantization unit 210 and inverse transform processing unit 212 may
apply inverse quantization and inverse transforms to a quantized transform coetficient
block, respectively, to reconstruct a residual block from the transform coefficient block.
Reconstruction unit 214 mav produce a reconstructed block corresponding to the current
block (albeit potentially with some degree of distortion} based on the reconstructed
residual block and a prediction block generated by mode selection unit 202, For
example, reconstraction unit 214 may add samples of the reconstracted residaal block to
corresponding samples from the prediction block generated by mode selection unit 202
1o 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,
i some examples.

{3127} When operating according to AV, 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. In other
examples, filter umt 216 mayv apply a constrained directional enhancement filter
{CDEF), which may be applied after deblocking, and may inchude the application of
non-separable, non-linear, low-pass directional filters based on estimated edge
directions. Fikter it 216 mav also melude a loop restoration filier, which s applied
after CDEF, and may mclude a separable symmetric normalized Wiener filter or a dual
self-guided filter.

{3128} Video encoder 200 stores reconstructed blocks in DPB 218, For instance, in
exaroples 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 DPB
218, Motion estimation unit 222 and motion compensation unit 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. Tn addition,
mtra-prediction unit 226 may use reconstructed blocks in DPB 218 of a current picture
to intra-predict other blocks in the current picture.

{6129} In gencral, cotropy encoding unit 220 may entropy encode svaotax clements
received from other functional components of video encoder 200. For example, entropy

encoding unit 220 may entropy encode quantized transform coefficient blocks from
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guantization unit 208, As another example, entropy encoding unit 220 may entropy
encode prediction svatax elements {e.g., motion information for inter-prediction or
mira-mode information for intra-prediction} from mode selection vnit 202, Entropy
encoding unit 220 may perform one or more entropy encoding operations on the syntax
clements, which are another examaple 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 Entropy (PIPE) coding operation, an
Exponential-Golomb encoding operation, or another type of entropy encoding operation
onthe data. In some examples, entropy encoding unit 220 may operate in bypass mode
where syntax ¢lements are not entropy encoded.

{3130} Video encoder 200 may output a bitstream that includes the entropy encoded
syntax elements needed to reconstruct blocks of a slice or picture. In particular, entropy
encoding unit 220 may output the bitstream.

{6131} In accordance with AV, entropy cncoding unit 220 may be configured as a
symbol-to-symbol adaptive multi-svmbol arithmetic coder. A syntax clement in AV
mcludes an alphabet of N clements, and a context {¢.g., probability model) inchedes a
sct of N probabilities. Entropy encoding unit 220 may store the probabifitics as n-bit
{c.z., 15-bit) cumulative distribution functions ((DFs). Entropy encoding unit 220 may
perform recursive scaling, with an update factor based on the alphabet size, to update
the contexts.

{3132} The operations described above are described with respect to a block. Such
description should be understood as beng operations for a luma coding block and/or
chroma coding blocks. As described above, in some examples, the luma coding block
and chroma coding blocks are luma and chroma components of a CU. In some
examples, the luma coding block and the chroma coding blocks are luma and chroma
components of a 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
idemtify a motion vector {MV) and reference picture for a luma coding block need not
be repeated for identifying a MV and reference picture for the chroma blocks. Rather,
the MV for the lama coding block may be scaled to determine the MV for the chroma

blocks, and the reference pictuse may be the same. As another example, the intra-
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prediction process may be the same for the luma coding block and the cluroma coding
blocks.

{8134} FIG. 4 1s a block diagram illustrating an example video decoder 300 that may
perforn the techniques of this disclosure. FIG. 4 s provided for purposes of
cxplanation and is not lmiting on the techniques as broadly exemplified and described
m this disclosare. For purposes of explanation, this disclosure describes video decoder
300 according to the technigues of VVC (JTU-T H 266, under development), and
HEVC (ITU-T H.265). However, the techniques of this disclosure may be performed
by video coding devices that are configured to other video coding standards.

{8135} In the example of FIG. 4, video decoder 300 includes coded picture buffer
{CPB} memory 320, entropy decoding unit 302, prediction processing unit 304, inverse
quantization unit 306, inverse transform processing unit 308, reconstruction umt 310,
filter wnut 312, and decoded picture buffer (DPB) 314, Any or all of CPB memory 320,
entropy decoding unit 302, prediction processing umit 304, inverse guantization unit
306, inverse transform processing unit 308, reconstruction unit 310, filter wmt 312, and
DPB 314 may be implemented 10 0nge Ot more processors or i processing circuitry. For
mstance, 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.
Moreover, video decoder 300 may include additional or alternative processors or
processing circuitry to perform these and other functions,

{3136] Prediction processing unit 304 mcludes motion compensation unit 316 and intra-
prediction anit 318, Prediction processing unit 304 may include additional anits to
perform prediction in accordance with other prediction modes. As examples, prediction
processing unit 304 may include a palette unit, an intra-block copy unit (which may
form part of motion compensation unit 316}, an affine unit, a inear mode! (LM} unit, or
the like. In other examples, video decoder 300 may include 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 {e.g., both luma and chroma coding blocks) using
transiational motion compensation, affine motion compensation, OBMC, and/or
compound micr-intra prediction, as described above. Intra~prediction unit 318 mayv be
configured to decode coding blocks of video data (e 2., both Juma and chroma coding

blocks) using directional intra prediction, non-dirgctional intra prediction, recursive
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filter intra prediction, CFL, intra block copy (IBC), 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 in CPB
memory 320 may be obtained, for example, from computer-readable medium 110 (FIG.
1}. CPB memory 320 may inclade a CPB that stores encoded video data (e.g., syntax
elements) 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 variety of memory devices, such as dynamic
random access memory {DRAM), mchuding 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 sepataie 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.
{6139} Additionally or altematively, 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 functionahty of video
decoder 300 is implemented in software to be executed by processing circuitry of video
decoder 300

6144} The various units shown in FIG. 4 are illustrated to assist with understandiog the
operations performed by video decoder 300, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof. Sinular to FIG. 3,
fixed-function circuits refer to circuits that provide particular functionality, and are
preset on the operations that can be performed. Programomable circuits refer to circuits
that can be programmed to perform various tasks, and provide flexible functionality
the operations that can be performed. For instance, programmable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by mstructions of the software or firmware. Fixed-function circuits may
execute software instractions {€.g., to receive parameters or cutput parameters), but the

types of operations that the fixed-function circuits perform are generally immutable. In
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some examples, one or more of the uniis may be distingt circuit blocks {fixed-function
or programmable), and in some examples, one or more of the units may be integrated
circuits.

{6141} Video decoder 300 may include ALUs, EFUs, digital circuits, analog circuits,
and/or progranable 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.

16142} Entropy decoding unit 302 may receive cncoded video data from the CPB and
entropy decode the video data to reproduce syntax elements. Prediction processing unit
304, inverse quantization anit 306, inverse tranaform processing vnit 308,
reconstruction unit 310, and filter unit 312 may generate decoded video data based on
the syntax elerents extracted from the bitstrean.

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

{8144} Entropy decoding unit 302 may entropy decode syntax clements 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 quantization unit 306 may use the QP associated with the
guantized transform coefficient block to determine a degree of guantization and,
likewise, a degree of inverse quantization for inverse quantization unit 306 to apply.
Inverse quantization unit 306 may, for exaraple, perfoum a bitwise Jeft-shutt operation to
mverse guantize the quantized transform coefficients. Inverse quantization unit 306
may therehby form a transform coefficient block including transform coefficients.
{6145} After inverse quantization unit 306 forms the transform coefficient block,
mverse transform processing unit 308 may apply one or more mverse transforms to the
transform coefficient block 1o 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-Loeve transform (KLT), an inverse
rotational transform, an inverse directional transform, or another inverse transform to

the transform coefficient block.
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{6146} Furthermore, prediction processing wiut 304 gencrates a prediction block
according to prediction nformation svntax clements that were entropy decoded by
entropy decoding unit 302, For example, if the prediction mformation syntax elements
mdicate that the current bock 1s inter-predicted, motion compensation unit 316 may
generate the prediction block. In this case, the prediction information syntax clements
may indicate 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
picture relative to the location of the current block in the current picture. Motion
compensation unit 316 may generally perform the inter-prediction process in a manner
that is substantially sinular to that described with respect to motion compensation unit
224 (FIG. 3},

{6147} When performing multi-hypothesis inter-prediction. motion compensation unit
316 may generate one or more additional prediction blocks as addutional 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
tnformation for the one or more additional prediction hypotheses.

{8148} For example, motion compensation unit 316 may generate both a base mode
hypothesis and an additional hvpothesis. Motion compensation unit 316 may generate
the base mode hypothesis using uni-directional or bi-~directional inter-prediction.
Motion compensation unit 316 may also generate the additional hyvpothesis usmg uni- or
bi~directional inter-prediction. In some examples, the additional hypothesis may be
restricted to ani-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 or AMVP mode. In
particular, prediction processing unit 304 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 AMVP mode, and decode the motion mformation using
the indicated mode.

{3149} To decode the motion information for the additional hyvpothesis using merge
mode, prediction processing unit 304 may constract 3 merge candidate list. That is,
prediction processing unit 304 may determine motion information from neighboring
blocks to a current block being decoded and add the motion information for certain
neighboring blocks to the merge candidate list. Prediction processing unit 304 may be

configured to restrict merge candidates to be only uni~directional prediction candidates
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{also referced 1o as “uni-prediction candidates™). H a neighboring block is predicied
using bi-prediction, prediction processing unit 304 may generate one or two merge
candidates from the neighboring block as discassed above with respect to FIG. 2. For
example, prediction processing unit 304 may construct a first merge candidate from a
first set of motion information for the neighboring block (¢.g., L.O motion information}
and, n some examples, a second merge candidate from a second set of motion
mformation for the neighboring block {e.g., L1 motion mformation}.

{3150} Prediction processing unit 304 may also receive a merge index having a value
mdicating which of the merge candidates 1s to be used to decode the motion information
for the additional hypothests. Prediction processing unit 304 may determine 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
hyvpothesis.

{3151] Motion compensation unit 316 may further combine the base hypothesis with
the additional hypothesis, ¢.g., as an average of or a weighted combination of each
samaple on a sample-by-sample basis. After combining the base hypothesis with the
additional hypothesis, motion compensation unit 316 may provide the resulting
prediction block to reconstruction wnit 310,

{8152} In addition or in the alternative, prediction processing unit 304 may determine
whether to apply local ilununation compensation (LIC) to the additional hypothesis
according to whether LIC was applied to the base hypothesis. For example, prediction
processing unit 304 may determine that LIC is to be applied to the additional hyvpothesis
if LIC was applied to the base hypothesis, and not to apply LIC otherwise. As ancther
exarople, if 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 using merge mode, prediction processing untt 304 may decode a LIC syotax
element {¢.g., a LIC flag) indicating whether {o perform LIC on the additional
hypothesis.

{6153} In addition or 1n the alternative, prediction processing unit 304 may determine
which of a varicty of interpolation filters to use to interpolate 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 1s decoded using AMVP, and when the previous block 1s
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selected as a candidate for decoding motion information of an additional hypothesis,
prediction processing unit 304 may determine to use a six-tap interpolation filter to
mterpolate a value for a half-sample position.

{6154} As another example, if the prediction information syntax elements indicate that
the current block 1s intra-predicted, intra-prediction unit 318 may generate the
prediction block according to an intra~-prediction mode indicated by the prediction
wmformation syntax elements. Again, infra-prediction unit 318 may generally perform
the intra-prediction process in a manner that s substantially similar to that described
with respect to intra-prediction unit 226 (FIG. 3}, Intra~-prediction unit 318 may retricve
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 block. For example, reconstruction unit 310 may add samples of
the restdual block to corresponding samples of the prediction block to reconstruct the
current block.

{3156} Filter unit 312 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 312 may perform deblocking operations to reduce
blockiness artifacts along edges of the reconstructed blocks. Operations of filter unit
312 are not necessanly performed in all examples.

{6157} Video decoder 300 may store the reconstructed blocks in DPB 314, For
mstance, in examples where operations of filter unit 312 are not performed,
reconstruction unit 310 may store reconstructed blocks to DPB 314, In examples where
operations of filter unit 312 are performed, fiker unit 312 may store the filtered
reconstructed blocks to DPB 314, As discussed above, DPB 314 may provide reference
mformation, such as samples of a current picture for iutra-prediction and previously
decoded pictures for subsequent motion compensation, to prediction processing unit
304. Morsover, video decoder 300 may output decoded pictures {¢.g., decoded video)
from DPR 314 for subsequent presentation on a display device, such as display device
8 of FIG. 1.

[3158] FIG. S 13 a flowchart Hlustrating an example method for encoding a current
block 1 accordance with the techniques 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 FIGG. 5.
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{0155} In this exaraple, video encoder 200 inttially predicts the current block (350). For
example, video encoder 200 may form a prediction block for the current block. In
particular, video encoder 200 may form the prediction block vsing multi-hypothesis
mter-prediction. Video encoder 200 may then calculate a residual block for the current
black (352}, To calculate the residual block, video encoder 200 may calculate a
difference between the onginal, uncoded 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 coctlicients of the residual block (356}, Durnng 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. Moreover, video encoder 200 may encode motion
mformation for one or more additional hypotheses using merge mode according to any
of the various techmigues of this disclosure. Video encoder 200 may then output the
entropy encoded data of the block (360},

{81668} 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 infer- 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 combing the residual block with the prediction block to
form a decoded block (364). In some examples, video encoder 200 may perform local
Humination compensation {LIC) according to any of the various technigues of this
disclosure. Video encoder 200 may then store the decoded block in DPB 218 (366}
{8161} FIG. 615 a flowchart ilustrating an example method for decoding a current
block of video data in accordance with the techmiques of this disclosure. The current
block may comprise a current CU. Although described with respect to video decoder
300 {FIGS. 1 and 4}, 1t should be understood that other devices may 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 cormresponding to the current block (370). Video decoder
300 may entropy decode the entropy cocoded data to determine prediction information
for the current block and to reproduce transform coefficients 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 current block (3743,
¢.g., asing multi-hypothesis 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 coctficients (376},
to create a block of guantized transform coefficients. Video decoder 300 may then
mverse guantize the transform coefficients and apply an inverse transform to the
transtorm coefficients to produce a residual block (378). Video decoder 300 may
ultimately decode the current block by combinimng the prediction block and the residual
block {380). In some examples, video decoder 300 may further perform local
tHumination compensation (LIC) on the decoded block according to any of the vartons
techniques of this disclosure.

{3163} FIG. 7 1s a flowchart iHlustrating an example method of decoding video data
according to the technigues of this disclosure. The method of FIG. 7 may be performed
by a video encoder, such as video encoder 200 of FIGS. 1 and 3. When performed as
partt of a video encoding process, the method of FIG. 7 may cormrespond to steps 350 and
362-364 of FIG. 5. Altematively, 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
FiIG. 6. While the method of FIG. 7 is 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 mayv be performed by both
video encoders and video decoders. For purposes of example, the method of FIG. 7 is
explained with respect to video decoder 300, although certain aspects are also explamed
with respect to video encoder 200,

{8164} Inittally, video decoder 300 may form a base hypothesis prediction block fora
current block of video data {(400). For example, video decoder 300 may perform uni-
directional prediction (using a single set of motion information) or bi-directional
prediction {using two sets of motion mformation) to form the base hypothesis prediction
block.

{6165} Video decoder 300 may also code (namely, decode) a merge mode syntax
clement for an additional hypothesis block for the current block (402). The value of the
merge mods syntax clement may indicate whether motion information for the additional

hypothesis block is coded using mesrge 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 syntax
clement,

[8166] When the merge mode syntax element indicates that the motion information for
the additional hypothesis block s predicted using merge mode, video decoder 300 may
form a merge candidate list (404). The merge candidate list may correspond to merge
candidates representing motion information of neighboring blocks to the current block.
Video decoder 300 may ensuare that each of the merge candidates of the merge candidate
list inchides only uni-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 neighbonng blocks, e.g., a single merge candidate
mehuding one of the two sets of motion mformation, or a first merge candidate including
ong of the two sets of motion mformation {e.g.. L0 motion mformation} and a second
merge candidate including the other of the two sets of motion information {e.g., L1
motion information}. In this manner, cach merge candidate in the merge candidate hist
may be restricted to uni-directional prediction.

18167} Video decoder 300 may then code the motion information for the additional
hypothesis block (406}, For example, assuming the motion information for the
additional hypothesis block is coded 1 merge mode, video decoder 300 may decode a
merge index that identifies one of the merge candidates in the merge candidate Hst.
Video decoder 300 may then use the motion mformation of the identified one of the
merge candidates as the motion mformation to form the additional hypothesis block.
On the other hand, if the motion information for the additional hypothesis block is
coded in AMVP mode, video decoder 300 may decode an AMVP candidate index, a
reference pictare hist wdentificr, a reference picture index, and motion vector differcnce
mformation. Altematively, when the method is performed by video encoder 200, video
encoder 200 may cither encode the merge index or the AMVP candidate index,
reference picture list identifier, reference picture 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-hypothesis
prediction block from the base hypothesis prediction block and the additional
hypothesis block (410}, For exaaple, video decoder 300 may average co-located
samples of the base hypothesis prediction block 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. In some examples, video decoder
300 may also perform local Hlummation compensation (LIC) on either or both of the
base hypothesis block and/or the additional hypothesis block, prior to forming the multi-
hvpothesis prediction block.

{3169} Ultimately, video decoder 300 may decode {i.¢., reproduce) the current block
using the multi-hypothesis prediction block {(412). For example, video decoder 300 may
decode quantized transform coetficients for the current block, mverse quantize and
transform the quantized transform coefficients 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 reconstrnuct {(decode) the current block.

{6170} In this manuoer, the method of FIG. 7 represents an example of a method of
decoding (and/or encoding) video data mcluding: generating a frst prediction block for
a current block of video data using a base nter-prediction mode; 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 i3
coded using merge mode; coding motion information for the sccond prediction block
according to the merge mode syatax element, including, when the merge mode syntax
clement indicates that the motion juformation for the second prediction block s coded
using merge mode, forming a merge candidate hist inclading 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; 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 cxamples of the techmiques of this disclosure are swmmarized 1n the
following clauses:

0172} Clause 1. 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; detenmining whether to apply local ilhsmination

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-hvpothesis 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 mmudti-hypothesis prediction block.
{6173} Clavse 2: The method of clause |, wherein the base inter-prediction mode
comprises one of uri-directional inter-prediction or bi-directional uer-prediction.
{3174} Clause 3. The method of any of clauses I and 2, further compnising 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 apphied LIC to the fust prediction block.

{83173} Clause 4: The method of any of clauses 1 and 2, further comprising: applving
LIC to the first prediction block; and coding motion information for the second
prediction block using advanced motion vector prediction {AMVYP) mode, wherein
determuung whether to apply LIC to the sccond prediction block comprises determining
to apply LIC to the second prediction block n response to applyving LIC to the first
prediction block and coding the motion information for the second prediction block
using the AMVFE mode.

18176} Clanse 5: The method of anv of clauses 1 and 2, 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
sccond 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,

16177} Clause 6: 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
maode; 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 1s coded using merge mode; coding motion information for the
seeond 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-hypothests 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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{0178} 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} Claose 8: 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 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.

{3188} Clause 9. The method of any of claases 6 and 7, 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 index, a motion
vector predictor ndex, and a motion vector difference for the second prediction block.
{8181} Clause 10: The method of any of clauses 6-9, wherein coding the motion
mformation for the second prediction block comprises forming a merge candidate list
mcluding one or more merge candidates, cach of the merge candidates representing
respective sets of uni-directional prediction motion information.

{3182} Clause 11: The method of clause 10, whercin the second prediction block
comprises one additional motion hypothesis 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 list.

{8183} Clavse 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).

64184} 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
hypotheses, 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 Hst for the motion
mformation for the sccond prediction block: and coding the motion information for the
sccond 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 i 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 bemng a posttive 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 block, the reduced merge candidate hist
having N-1 merge candidates, the second merge candidate index having a maximum
possible truncated binary value of N-1.

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

16187} Clause 16: The method of any of clauses 614, wherein the merge mode syntax
element comprises a second merge mode syvntax 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.

{3188] Clause 17: The method of clause 16, wheremn coding the first merge mode
syntax element comprises coding the first merge mode syntax clement using a first
context adaptive binary artthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element comprises coding the second merge mode syntax
clement using the first CABAC context in response to having coded the first merge
maode 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.

3190} Clause 19: The method of clanse 17, the first CABAC context being different
than a second CABAC context used for merge mode.

16191} Clause 20: The method of clanse 16, wherein coding the first merge mode
syntax element comprises codimg the first merge mode svntax element vsing a first
context adaptive binary anthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element comprises coding the second merge mode syntax
clement using a second CABAC coutext.

{3192} Clause 21 The method of clause 20, the second CABAC context being different
than the first CABAC context.

{6193} Clause 22: The method of any of clauses 6-21, the method further comprising:
coding raotion tnformation 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-
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prediction block of a neighboring block to the current block; and coding a candidate
index identifving the third prediction block as a motion information candidate for the
second prediction block, wherein generating the second prediction block comprises
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 illunuination
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
block; and decoding the current block using the multi-hvpothesis prediction block.
{3195] Clause 24: The method of clause 23, wheren the base inter-prediction mode
comprises one of uni-directional inter-prediction or bi-directional inter-prediction.
16196} Clause 25: The method of clause 23, further comprising applying LIC to the first
prediction block, wherein deternuining whether to apply LIC to the second prediction
block comprises determuning to apply LIC to the second 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 (AMYP) mode, wherein determining whether
to apply LIC o 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 mformation for the second prediction block using AMVP.

{6198} (lause 27: The method of clause 23, farther comprising: applying LIC to the
first prediction block; and coding motion information for the second prediction black
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.
16199} 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 iter-prediction

maode; coding a merge mode syntax element 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 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; generating the
second prediction block for the current block of video data using the motion
mformation; formung 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.

16260} Clanse 29: The method of clavse 28, wherein when the merge mode syntax
clement indicates that merge mode s 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 black.

{0201} 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 index, a motion vector
predictor index, and a motion vector difference tor the second prediction block,

{8202} Clause 31: The method of clause 28, wherein coding the motion information for
the second prediction block comprises forming a merge candidate list including one or
more merge candidates, each of the merge candidates representing respective sets of
uni-directional prediction motion information.

{6203} Clause 32: The method of clause 31, wherein the second prediction block
comprises one additional prediction hyvpothesis of a plurality of additional motion
hyvpotheses, the method further comprising coding motion information for cach of the
additional motion hypotheses using the same merge candidate list.

{8204} Clause 33: The method of clause 31, wherein forming the merge candidate list
comprises forming the merge candidate list according to a merge candidate Hst
constraction process of geometric partitioning mode (GPM).

{3205} 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 list including two or more merge candidates;
selecting one of the merge candidates from the merge candidate list for the motion
mformation 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
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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.

{0206} Clause 35: The method of clause 34, further comprising: coding a first merge
candidate index for the second prediction block, the merge candidate bist 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 mdex for the third prediction block, the reduced merge candidate list
having N-1 merge candidates, the second merge candidate imndex having a maximum
possible tnmeated binary value of N-1.

{6207} Clavse 36: The method of clause 28, wherein the merge mode syntax element
comprises a merge mode syntax element for the base inter-prediction mode of the first
prediction block.

{6268} Clause 37: The method of clanse 28, wherein the merge mode syntax clement
comprises a sccond rerge 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 sccond merge mode syntax clement being different than the first
merge mode syntax clement.

{3209} Clause 38: The method of clause 37, wherein coding the first merge mode
syntax element 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 clement comprises coding the second merge mode syntax
clement using the first CABAC context n response to having coded the first merge
mode syntax element using the first CABAC context.

{6218} Clawse 39 The method of clause 38, the first CABAC context being a CABAC
context used for merge mode.

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

68212} Clause 41: The method of clause 37, wherein coding the first merge mode
syntax element comprises coding the first merge mode syntax clement using a first
context adaptive binary artthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element comprises coding the second merge mode svatax

clement using a second CABAC context.
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{06213} Clause 42: The method of clause 41, the second CABAC context being different
than the first CABAC context.

{8214} Claose 43: The method of clause 28, the method 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-
tuma-sample resolution, the third prediction block being a base inter-prediction block of
a neighboring block to the current block; and coding a candidate mdex identifyving the
third prediction block as a motion information candidate for the second prediction
block, wherein generating the second prediction block comprises interpolating balf-
pixel samples of a reference block for the second prediction block using a six-tap
mterpolation filter.

{6215} Clavse 44: The method of any of clauses 143, further comprising encoding the
current block prior to decoding the current block.

[03216] Clause 45: A device for decoding video data, the device comprnising one or more
means for performing the method of any of clauses 1-44.

16217} Clause 46: The device of clause 45, wherein the one or more means comprise
onge or more processors implemented in circuitry.

{8218} Claose 47 The device of any of clauses 45 and 46, farther compnsing a dispiay
configured to display the decoded video data.

{3219} 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 broadeast receiver device, or a
set-top box.

{0220} Clause 49: The device of clause 4548, further comprising a memory configured
to store the video data.

{8221} Clause 50: A compuier-readable storage medium having stored thereon
mstructions that, when executed, cause a processor of a device for decoding video data
to perform the method of any of clauses 1-44.

{63222} Clause 510 A device for decoding video data, the device comprnising: means for
generating a first prediction block for a current block of video data using a base inter-
prediction mode; means for generating a second prediction block for the current block
of video data as an additional prediction hyvpothesis; means for detemning whether to
apply local lumunation compensation (LIC) to the second prediction block according to
whether LIC was applied to the first prediction block; means for forming a nulti-

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.

{8223} Clause 52: 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 mformation for the second prediction block according to the
merge mode syntax element; means for generating the second prediction block for the
current block of video data using the motion mmformation; means for forming a multi-
hvpothesis prediction bock 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 multi-hypothesis prediction block.

{3224} Clause 53: 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 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
sccond prediction block is coded using merge mode; coding motion mformation for the
second prediction block according to the merge mode syntax element, including, when
the merge mode syntax clement indicates that the motion nformation for the second
prediction block is coded using merge mode, forming a merge candidate list including
one or more merge candidates, cach of the merge candidates representing respective sets
of ani-prediction motion information; gencrating the second prediction block for the
current block of video data using the motion mformation; formmng 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 mulit-hypothesis
prediction block.

(3225} Clause 54: The method of clause 33, wherein when the merge mode syntax
element indicates that merge mode 1s 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.
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16226} Clanse 55: The methed of clavse 53, 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 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 st
comprises: determming that a neighboring block to the second prediction block is bi-
predicted uvsing first motion mformation and second motion mnformation; 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,

{8228} Clause 57: The method of clause 56, wherein 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 sccond
motion information.

{63229} Clause 58 The method of clause 33, whercin the second prediction block
comprises one additional prediction hypothesis 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 list.

{6238} Clavse 59 The method of clause 53, 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).

68231} Clause 60: The method of clanse 53, wherein the second prediction block
comprises one additional prediction hypothesis of a plurality of additional motion
hypotheses, 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 Hst for the motion
mformation for the sccond prediction block: and coding the motion information for the
sccond 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 rematning merge candidates in the reduced merge
candidate list.

{8232} 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
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merge candidates, N bemng a posttive 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 block, the reduced merge candidate hist
having N-1 merge candidates, the second merge candidate index having a maximum
possible truncated binary value of N-1.

{3233} Clause 62: The method of clause 53, wheremn the merge mode syntax element
comprises a merge mode syntax element for the base inter-prediction mode of the first
prediction block,

16234} Clause 63: The methed of clavse 53, wherein the merge mode syntax clement
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.

{3235} Clause 64: The method of clause 63, wheren coding the first merge mode
syntax element comprises coding the first merge mode syntax clement using a first
context adaptive binary artthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element comprises coding the second merge mode svntax
clement using the first CABAC context in response to having coded the first merge
maode syntax element using the first CABAC context.

{3236} Clause 65 The method of clause 64, the first CABAC context being a CABAC
context used for merge mode.

6237} Clause 66: The method of clanse 64, the first CABAC context being different
than a second CABAC context used for merge mode.

16238} Clause 67: The method of clanse 63, wherein coding the first merge mode
syntax element comprises coding the first merge mode syotax element using a first
context adaptive binary anthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element comprises coding the second merge mode syntax
clement using a second CABAC coutext.

{3239} Clause 68: The method of clause 67, the second CABAC context being different
than the first CABAC context.

16244} Clause 69: The method of clanse 53, further comprising: coding motion
mwformation of a third prediction block using advanced motion vector prediction
{AMVP) mode, including coding a motion vector difference (MVD) value having half-

hima-sample resolation, the third prediction block being a base mter-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 information candidate for the second prediction
block, wherein generating the second prediction block comprises inferpolating half-
pixel samples of a reference block for the second prediction block using a six-tap
mterpolation filter.

{3241} Clause 70: The method of clause 53, further comprising deternuning whether to
apply local ilumination compensation (LIC) to the second prediction block according to
whether LIC was applied to the first prediction black.

{0242} Clause 71: The method of clause 70, whercin the base inter-prediction mode
comprises one of uni-directional inter-prediction or bi-directional inter-prediction.
{8243} Clause 72: The method of clause 70, further comprising applying LIC o 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 i response to
having applied LIC to the first prediction block.

63244} Clause 73: The method of clause 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, wherein determuning 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 mformation for the second prediction block using AMVP.

{8245} Clause 74: The method of clause 70, 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
to the value of the LIC flag for the merge candidate of the second prediction block.
{6246} Clavse 75 The method of clause 53, further comprising encoding the current
black prior to decodmg the current block.

{3247} Clause 76: 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 mnter~prediction mode; code a merge mode svutax 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 second prediction block is coded using merge mode: code motion
fnformation for the second prediction block according to the merge mode syntax
clement, wherein to code the motion information, the one or mMore Processors are
configured to, when the merge mode syntax element indicates that the motion
mformation for the sccond 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 sets of oni-prediction motion information; generate the sccond
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.

{6248} Clause 77 The device of clause 76, wherein to form the merge candidate list, the
one or more processors are condigured to: deternune that a neighbormg block to the
second prediction block s bi-predicted using first motion information and second
motion information; and form at least one uni-prediction merge candidate from the
neighboring block, wheremn the one or more processors are configured to select only one
of the first motion imformation or the second motion information for the at least one uni-
prediction merge candidate.

{6249} Clavse 78: The device of clause 77, 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 wni-prediction merge candidate
using the sccond motion information.

{0250} Clause 79 The device of clause 76, wherein the one or more processors are
further configured to: code motion mformation of a third 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 mation 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 identifving the third prediction block as a
motion nformation candidate for the second prediction block, wherein to generate the
second prediction block, the one or more processars are configured to interpolate haif-
pixel samples of a reference block for the second prediction block using a six-tap

mterpolation filter.
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{06251} Clause 80: The device of clause 76, whercin the one or more processors are
further configured to determine whether to apply local Hlumination compensation {(LIC)
to the second prediction block according to 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 configared to encode the current block prior to decoding the current block.
{3253} Clause 82: The device of clause 76, further comprising a display configared to
display the decoded video data.

{0254} Clause 83: The device of clause 76, wherein the device comprises one or more
of a camera, a computer, a mobile device, a broadceast receiver device, or a set-top box.
{8255} Clause 84: A computer-readable storage mediam having stored thereon
mstructions that, when executed, cause a processor to! generate a first prediction Mock
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, wherein the merge mode
syntax clement indicates whether motion infonmation 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
ciement indicates that the motion information for the second prediction black 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 nformation; 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.

{6256} (lause 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: deternune that a neighboring block to the
second prediction block is bi-predicied using first motion information and second
motion information; and form at least one uni-prediction merge candidate from the
neighboring block, mcluding instructions that cause the processor to select only one of
the first motion mformation or the second motion mformation for the at least one uni-

prediction merge candidate.
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{06257} Clause 86: The computer-readable storage medium of clause 85, whercin the
fnstructions that cause the processor to form the merge candidate hist comprise
mstractions that canse 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 sccond motion information.

{3258] Clause 87: The computer-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
mstructions that cause the processor to code the motion information of the third
prediction block comprise instructions that cause the processorto code a motion vector
difference (MVD} valoe 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 candidaie index identifying the third prediction block as a raotion imformation
candidate for the second prediction block, wherein the instructions that cause the
processar 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 mterpolation filter.

{6259} (lause 88: The computer-readable storage medium of clause 84, farther
comprising mstructions that cause the processor to determine whether to apply local
dlununation compensation (LIC) to the second prediction block according to whether
LIC was applied to the first prediction block.

8260} Clause 89: The computer-readable storage medium of clause 84, further
comprising ingtructions 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 syntax element for a second
prediction block, the second prediction block representing an additional prediction
hvpothesis for the current block, wherein the merge mode svntax element indicates
whether motion mformation 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 svitax clement, including means for forming, when the merge mode syntax
clement ndicates that the motion information for the second prediction block is coded

using merge mode, a merge candidate list including one or more merge candidates, cach
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of the merge candidates reprosenting 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; means for formmg 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 multi-
hyvpothesis prediction block.

{3262} Clause 911 A method of decoding video data, the method comprising: generating
a first prediction block for a current block of video data using a base mter-prediction
mode; coding a merge mode syntax element for a second prediction block, the second
prediction block representing an additional prediction hyvpothesis for the carrent 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 syntax element, including, when
the merge mode syntax element ndicates that the motion mformation for the second
prediction block is coded using merge mode, forming a merge candidate list including
one or more merge candidates, cach of the merge candidates representing respective scts
of ani-prediction motion information; gencrating the second prediction block for the
current block of video data using the motion mformation; formmg 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 multt-hypothesis
prediction block.

{1263} Clause 92: The method of clause 91, wherein 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 inhent the motion information for the second prediction block.

{6264} (lavse 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 indes,
a motion vector predictor index, and a motion vector difference for the second
prediction block.

16265} Clause 94: The method of any of clauses 91-93, wherem forming the merge
candidate list comprises: deternuning that a neighboring block to the second prediction
block s bi-predicted using first motion information and second motion formation; and

forming at least one uni-prediction merge candidate from the neighboring block,
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mcluding selecting only one of the first motion nformation or the second motion
fnformation for the at least one uni-prediction merge candidate.

{8266} Clause 93 The method of clause 94, wherein 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 sccond
motion information.

{3267} 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
hypotheses, the method further comprising coding motion information for cach of the
additional motion hypotheses using the same merge candidate list.

{8268} 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 (GPFM).

{3269} 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
hypotheses, 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
sccond 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.

{8278} Clause 99: The method of clause 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 integer groater than 1, the first merge candidate
mdex having a maxuoum possible truncated binary value of N; and coding a second
merge candidate mdex for the third prediction block, the reduced merge candidate list
having N-1 merge candidates, the second merge candidate index having a maximum
passible truncated bmary value of N-1.

16271} Clause 100: The mcthod of any of clauses 91-99, wheren 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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16272} Clanse 101: The method of any of clauses 91-100, wherein the merge mode
syntax element comprises a second merge mode syntax element, the method finther
comprising coding a first merge mode syntax clement 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 clement.

{08273} Clause 102: The method of clause 101, wherein coding the first merge mode
syntax element comprises coding the first merge mode syntax element using a first
context adaptive binary artthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax clement comprises coding the second merge mode symtax
clement using the first CABAC context i response to having coded the first merge
mode syntax element using the first CABAC context.

{6274} Clause 103 The method of clause 102, the first CABAC context being a
CABAC context used for merge mode.

{3275] Clause 104: The method of clause 102, the first CABAC context being different
than a second CABAC context used for merge mode.

{6276} Clause 105: The method of clause 101, wherein coding the first merge mode
syntax element comprises coding the first merge mode svntax element vsing a first
context adaptive binary anthmetic coding (CABAC) context, and wherein coding the
second merge mode syntax element comprises coding the second merge mode syntax
clement using a second CABAC coutext.

{3277} Clause 106: The method of clause 105, the second CABAC context beimng
different than the first CABAC context.

{6278} 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 a motion vector difference (MVD) value having half-
hima-sample resolation, the third prediction block being a base mter-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
miterpolation filter.

{6279} Clause 108: The mcthod of any of clauses 91-107, further comprising
determining whether to apply local tHununation compensation (LI} to the second

prediction block according to whether LIC was applied to the first prediction block.
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{0280} Clause 109; The method of clause 108, wherein the base mter-prediction mode
comprises one of uni-directional inter-prediction or bi-directional inter-prediction.
{8281} Claose 110: The method of any of clauses 108 and 109, further comprising
applying LIC to the first prediction block, wherein determining whether to apply LIC to
the second prediction block comprises determuning to apply LIC 1o the second
prediction block in response to having applied LIC to the first prediction block

{3282} Clause 111: The method of any of clauses 108-110, further comprising:
applying LIC to the first prediction black; and coding motion imformation 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.

{3283] Clause 112: The method of any of clauses 108-111, further comprnising:
appiving LIC to the first prediction block: and coding motion information for the second
prediction block using merze 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.

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

{3285} Clause 114: A device for decoding video data, the device comprising: a memory
configured to store video data; and onc or more processors implemented in curcuitry and
configured to: gencrate 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
black, the second prediction block representing an additional prediction hypothesis for
the current block, wherein the merge mode svantax 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 1o code the motion information, the one or motre Processors ae
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



WO 2022/213026 PCT/US2022/071289

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 prediction block; and decode the current block using the
nulti-hypothesis prediction block.

[03286] Clause 113: The device of clause 114, wherein to form the merge candidate hist,
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, wherem 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 um-
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 um-prediction merge
candidate using the first motion information; and form a second uni-prediction merge
candidate using the second motion mformation.

{06288} 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 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 (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 mdex 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 haif-
pixel samples of a reference block for the second prediction block using a six-tap
mierpolation filter.

{3289} Clause 118 The device of any of clauses 114-117, wherem 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.

16294} Clause 119: The device of any of clauses 114-118, whercin the one or more
processors are further configured to encode the current block prior to decoding the

current block.
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{06291} Clause 120: The device of any of clauses 114-119, further comprising a display
configured to display the decoded video data.

{8292} Clause 121: The device of any of clanses 114120, wherein the device
comprises one or more of a camera, a computer, a mobile device, a broadeast receiver
device, or a set-top box.

{3293] Clause 122: A computer-readable storage medium 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 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
clement indicates that the motion information for the second prediction block 15 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 nformation; generate the sccond 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
black; and decode the current block using the multi-hypothests prediction block.

{3294} Clause 123: The computer-readable storage medium of clause 122, wherein the
mstrictions 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-predicted using first motion nformation and sccond
motion mformation; and form at least one uni-prediction merge candidate from the
neighboring block, mncluding instructions that cause the processor to select only one of
the first motion information or the second motion information for the at least ong uni-
prediction merge candidate.

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

using the second motion information.
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16296} Clause 125: The computer-readable storage medium of any of clauses 122-124,
further comprising instructions that cause the processor to: code motion nformation 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) vahue baving half-luma-sample resolution, the third prediction block
being a base mter-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 instractions that cause the
processor to nterpolate half-pixel samples of a reference block for the second prediction
block using a six-tap interpolation filter.

{6297} Clause 126: The computer-readable storage medinm of any of clauses 122125,
further comprising mstructions that cause the processor to determine whether to apply
focal tHlumination compensation (LIC) to the second prediction block according o
whether LIC was applied to the first prediction block.

{6298} Clause 127: The computer-readable storage medium of any of clauses 122-126,
further comprising mstructions that cause the processor to encode the current block
prior to decoding the current block.

{63299} 1t is to be recognized that depending on the example, certain acts or events of
any of the technigues described herein can be performed i 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 techniques). Moreover, in certain examples, acts or events may
be performed concurrently, ¢.g., through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

{6306} 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 transouticd over as ong or more mstructions or code
on a compuier-readable medium and executed by a hardware-based processing unit.
Compuier-readable media may include computer-readable storage media, which
corresponds to a tangible mediwm such as data storage media, or communication media
mcluding any medim that facilitates transfer of a computer program from one place to
another, ¢.g., according to a commaunication 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 convaunication medium such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
One OF MOIe COmPpUters OF one Or More processors to retrieve instructions, code and/or
data stractures for imaplementation of the techniques described in this disclosure. A
compuicr program product may include a computer-readable medium.

{3301] By way of example, and not lmitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desired program code in the form of instructions or data structures
and that can be accessed by a computer. Also, any connection is properdy termed a
computer-readable medim. For example, if instructions are transmitted from a
webstie, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber hine (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 included 1n the definition of
mediunm. | should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transitory
media, but are instead directed to non-transitory, tangible storage media. Disk and disc,
as used herein, includes compact disc {CD}, laser disc, optical 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.

{3302} Instructions may be executed by one or more processors, such as one or more
digital signal processors (I38Ps), general purpose microprocessors, application specific
mtegrated circuits (ASICs), ficld programmable gate arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the terms “processor” and

>

“processing cireuiiry,” as used hercin may refer to any of the foregoing structures or any
other structure suitable for vuplementation of the techmigues described berein. In
addition, in some aspects, the functionality described herein may be provided within
dedicated hardware and/or software modules configured for encoding and decoding, or
meorporated 1 a combined codec. Also, the techniques could be fully implemented 1o
one or more circuils or logic eloments.

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

devices or apparatuses, including a wircless handset, an wtegrated circuit (C) or a set of
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1Cs {e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily requure realization by different hardware
vnits. Rather, as described above, various wnits may be combined in a codec hardware
unit or provided by a collection of mteroperative hardware units, 1ncluding one or more
processors as described above, in conjunction with suitable software and/or firmware.
{3304} Various examples have been described. These and other examples are within the

scope of the following clats.
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WHAT IS CLAIMED IS:

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

generating a first prediction block for a current block of video data using 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 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 sccond prediction block according to the
merge mode syntax clement, including, when the merge mode syntax element mndicates
that the motion formation 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;

senerating 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
comabination of the first prediction block and the second prediction block; and

decoding the current block using the multi-hypothesis prediction block.

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

maotion 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 fist identifier, a refercnce picture jndex, a
motion vector predictor index, and a motion vector difference for the second prediction

block.
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4. The method of claim 1, wherein forming the merge candidate list coraprises:
determining that a neighborng 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 black,
meluding sclecting only one of the first motion information or the second motion

mformation 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
mformation; and
forming a second uni-prediction merge candidate using the sccond motion

mformation.

6. The method of clainm |, wherein the second prediction block comprises one
additional prediction hypothestis of a plurality of additional prediction hypotheses, the
method further comprising coding motion information for each of the additional

prediction hvpotheses using the same merge candidate list.

7. The method of claim 1, wherein formng the merge candidate list compriges
fornming the merge candidate list according to a merge candidate list construction

process of geometric pattitioning mode (GPM).

8. The method of claim 1, wherein the second prediction block comprises one
additional prediction hypothesis of a plurality of additional prediction hypothescs,
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 asing 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 hist; and

coding motion information for a third prediction candidaie using onc of the

remaining merge candidates 1o the reduced merge candidate list.
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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 posttive mteger greater than 1, the
first merge candidate index having a maxinnmm possible truncated binary value of N;
and

coding a second merge candidate index for the third prediction candidate, the
reduced merge candidate hst having N-1 merge candidates, the second merge candidate

index having a maximum possible truncated binary value of N-1.

18, The method of claim 1, wherein the merge mode syntax element comprises a
merge mode syntax clement for the base viter-prediction mode of the first prediction

block.

11, The method of claim |, 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

clement.

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

clement 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 roethod of claum 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, whercin coding the first merge mode syntax element
comprises coding the first merge mode syntax element using a fivst 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

sccond CABAC context.

16, The method of claim 13, the second CABAC context being different than the

first CABAC context.

17, The rocthod of claum 1, futther comprising:

coding motion information of a third prediction block using advanced motion
vector prediction (AMVP) mode, mchuding coding a motion vector difference (MVD)
value having half-luma-sample resclution, the third prediction block being a base ter-
prediction block of a neighboring block to the current block; and

coding a candidate mdex dentifving the third prediction block as a motion
mformation 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

mierpolation filter.

18 The method of claim |, further comprising determining whether to apply local
iHumination compensation (LIC} to the second prediction block accordimg to whether

LIC 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 applyving LIC to the first prediction
block, wherein determining whether to apply LIC to the second prediction block
comprises determining to apply LIC to the sccond prediction block i response to

having applied LIC to the first prediction block.
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21 The method of claim 18, further comprising:

applying LIC to the first prediction block: and

coding motion information for the sccond prediction block nsing advanced
motion vector prediction (AMVP) mode,

wherein determining whether to apply LIC to the sccond prediction block
comprises determining to apply LIC to the second prediction block in response to
applving 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 compnising:

applyving 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
COMPIIses:

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.

23, The method of claim |, further comprising encoding the current block prior to

decoding the current block.
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A device for decoding video data, the device comprising:
amemory configured to store video data; and
one or more processors implemented in circuitry and configared 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, wherein the merge mode syatax element indicates whether motion
nformation 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
mdicates that the motion mformation for the second prediction block is coded
using merge mode, form a merge candidate Hst mcluding one or more merge
candidates, each of the merge candidates representing respective sets of ani-
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.

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 mformation and second motion information; and

form at least one uni-prediction merge candidate from the neighboring block,

wheren the one or more processors are configured to sclect only one of the first motion

mformation or the second motion information for the at least one uni-prediction merge

candidate.
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26. The device of claim 25, wherein to form the merge candidate list, the one or
more processors are configured 1o

form a first uni-prediction merge candidate vsing the first motion information;

and

form a second vni-prediction merge candidate using the second motion
mformation.
27 The device of claim 24, wherein the one or more processors are further

configured to:

code motion mformation 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 vecior
difference (MVD) vahue having half-luma-sample resolution, the third prediction block
being a base mter-prediction block of a neighboring block to the current block; and

code a candidate index identifying the third prediction block as a motion
mformation 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.

28, The device of claim 24, wherein the one or more processors are further
configured to determine whether to apply local ilununation compensation (LIC) to the
second prediction block according to whether LIC was applied o the first prediction
block.

29, The device of claim 24, wherein the once 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.
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32. A computer-readable storage medium having stored thereon instructions that,
when executed, cause a processor (o

generate a first prediction block for a current block of video data using a base
mter-prediction mode;

code a merge mode syitax 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 mformation 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 1s coded using merge mode, forming
a merge candidate list including one or more merge candidates, cach of the merge
candidates representing respective sets of uni-prediction motion information;

generate the second prediction block for the carrent block of video data using the
motion nformation;

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 caurrent block using the sudti-hypothesis prediction block.

5

5
2

l}

3. The 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!

determinge 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 wni-prediction merge candidate from the neighboring block,
mehiding mstructions that cause the processor to select only one of the first motion
mformation or the sccond motion information for the at least one uni-prediction merge

candidate.
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34, The computer-readable storage medium of claimm 33, wherem 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
mformation.
35, The computer-readable storage mediam of claim 32, further comprising

mstractions that cause the processor 1o

code motion mformation 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 (o code a motion vector difference (MV D) value having half-lama-
sample resolution, the third prediction block being a base uter-prediction block of a
neighboring block to the current block; and

code a candidate index identifying the third prediction block as a motion
mformation candidate for the second prediction block,

generate the second

wherein the instructions that cause the processorio g

prediction block comprise mstructions that cause the processor to mterpolate half-pixel
samples of a reference block for the second prediction block using a six-tap

mterpolation filter.

36, The computer-readable storage medium of claim 32, further comprising
mstructions that cause the processor 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.

37.  The computer-readable storage mediom of claim 32, further comprising
mstroctions that cause the processor to encode the current block prior to decoding the

current block.
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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;

means for coding a merge mode syntax element for a second prediction block,
the second prediction block representing an addutional prediction hypothesis for the
current block, wheremn the merge mode syntax element indicates whether motion
mformation for the second prediction block is coded using merge mode;

means tor coding motion information for the second prediction block according
to the merge mode symtax element, including means for forming, when the merge mode
syntax element indicates that the motion mformation for the second prediction block 1
coded asing merge mode, a merge candidate list including one or more merge
candidates, cach 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;

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 multi-hypothesis prediction

block.



