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INTERACTION BETWEEN REFERENCE PICTURE RESAMPLING AND
TEMPLATE-BASED INTER PREDICTION TECHNIQUES IN VIBEQ COBDING

[0001] This application claims priority to U.S. Patent Application No. 18/057 300, filed
Novernber 21, 2022 and U 8. Provisional Application No. 63/265,555 filed December
16, 2021, the entire content of which is incorporated by reference herein. U8, Patent
Application No. 18/037,50¢, filed November 21, 2022 claims the benefit of US.

Provisional Application No. 63/265,553 filed December 16, 2021,

TECHNICAL FIELD

[0002] This disclosure relates to video encoding and video decoding,

BACKGROUND

[0003] Digital video capabilities can be meorporated into a wide range of devices,
including digital televisions, digiial direct broadeast systems, wireless broadcast
svstems, personal digital assistants (PDAS), 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 hike. Digital video devices implement video coding fechnigues, such as
those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), ITU-T H 265/High Efficiency
Video Coding (HEVC), ITU-T H 266/ Versatile Video Coding (VVC}, and extensions of
such standards, as well as proprietary video codecs/formats such as AOMedia Video 1
{AV 1) that was developed by the Alliance for Open Media. The video devices may
fransmit, receive, encode, decode, and/or store digital video information more
efficiently by implementing such video coding technigues.

[0004] Video coding techniques include spatial (imira~pictare) prediction and/or
temporal (inter-picture) prediction to reduce or remove redundancy inherent i video
sequences, For block-based video coding, a video slice (e.g,, a video picture or a
portion of a video picture) may be partitioned irto video blocks, which may also be
referred to as coding tree units {CTUS), coding units ((Us} and/or coding nodes. Video
blocks i an intra-coded (I} slice of a picture are encoded using spatial prediction with

respect 1o reference samples in neighbonng blocks in the same preture. Video blocks in
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an inter-coded (P or B) slice of a picture may use spatial prediction with respect to
reference samples in neighboring blocks in the same picture or temporal prediction with
respect to reference saraples in other reference pictures. Pictures may be referred {0 as

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

SUMMARY

[6008] In general, this disclosure describes technigues for coding video data. In
particular, this disclosure describes techniques related to handiing the interaction
between reference picture resampling (RPR) and/or weighted prediction (WP} and
template-based inter prediction techniques. Template-based mter predichion techniques
may include local illumination compensation (LIC) and/or template matching (TM)
inter-prediction. i particular, this disclosure describes techniques that including
disabling the use of template-based inter prediction techniques in certain circumstances
where RPR or WP are enabled for coding video data. The techmques of this disclosure
may reduce the computational complexity of implementing template-based inter
prediction technigues together with RPR or WP. In addition, the techniques of this
disclosure may improve coding efficiency in situations where RPR or WP are enabled.
[0006] The techruques of this disclosure may be applied as extensions {o any existing
video codecs. such as HEVC (High Efficiency Vides Coding), VVC (Versatile Video
{Coding}, and Essential Video Coding (EVC), or be an efficient coding tool in future
video coding standards.

[8007] In one example, thus disclosure describes a method of decoding video data, the
method comprising determining that an RPR mode is enabled, determiming not to apply
a template-based mter prediction technique to the video data based on the RPR mode
heing enabled, and decoding the video dats using mter prediction without applying the
template-based inter pradiction technique.

[8808] In another example this disclosure describes an apparatus configured to decode
video data, the apparatus comprising a memory configured to store the video data, and
one or more processors implemented in circuitry and in commurucation with the
memory, the one or more processors configured to determine that an RPR mode is
enabled, determine not to apply a temiplate-based inter prediction technigue to the video
data based on the RPR mode being enabled, and decode the video data using inter

prediction without applving the template-based wnter prediction fechnique.
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{80097 Tn another example, this disclosure describes an apparatus configured to decode
video data, the apparatus comprising means for determining that an RPR mode is
enabled, means for determuining not {0 apply a template-based miter prediciion technique
o the video data hased on the RPR mode being enabled, and means for decoding the
video data using inter prediction without applying the template-based inter prediction
technique.

[8918] To avother example this disclosure a non-transitory computer-readable storage
medium storing mstructions that, when executed, causes one or more devices
configured o decode video data to determune that an RPR mode is enabled, deternune
not to apply a template-based inter prediction technique to the video data based on the
RPR mode being enabled, and decode the video data using inter prediction without
applying the template-based inter prediction technique.

[0011] Tn another example, this disclosure describes a method of encoding video data,
the method comprising determining that an RPR made is enabled, determuning noi (o
apply a template-based inter prediction technigue to the video data based on the RPR
mode being enabled, and encoding the video data using inter prediction without
applving the template-based mter prediction techuigue.

[0012] In another example this disciosure describes an apparatus configured to encode
video data, the apparatus comprising a memory configured to store the video data, and
one or more processors implemented in cireuitry and in communication with the
memory, the one or more processors configured to determane that an RPR mode 1s
enabled, determine not to apply a template-based mter prediction technique to the video
data basad on the RPR mode being enabled, and encode the video data using inter
prediction withowt applying the tenplate-based 1nter prediction technigue.

[0013] In another example, this disclosure describes an apparatus configured o encode
video data, the apparatus comprising means for determining that an RPR mode s
enabled, means for determining not to apply a template-based inter prediction technique
{0 the video data based on the RPR wode being enabled, and means for encoding the
video data using inter prediction without applying the temaplate-based inter prediction
{echnique.

[0014] In another example this disclosure a4 non~-franstiory computer-readable storage
medium storing instructions that, when executed, causes one or more devices
configured to encode video data to determine that an RPR mode is enabled, determine

not 1o apply a template-based inter prediction technique to the video data based on the
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RPR maode being enabled, and encode the video data using inter prediction without
applving the template-based inter prediction technigue,

[0015] The details of one or more examples are set forth 1o the accompanying drawings
and the description below. Other features, objects. and advantages will be apparent

from the description, drawings, and claims.

BRIEF BESCRIPTION OF DRAWINGS

[0016] FIG. | 15 a block diagram illustrating an example video encoding and decoding
system that may perform the techniques of this disclosure.

[0017] FIG. 2 dlustrates spatial neighboring motion vector candidates for example
merge and advanced motion vector prediction modes.

(80181 FIG. 3 dlustrates examples of temporal motion vector predictor candidates and
motion vector scaling.

[8619] FIG. 4 iBustrates example neighboring samples for an iHumination
compensation model.

[0020] FIG. 5 illustrates another example of neighboring samples for an tHumination
compensation model.

[0021] FIG. 6 ilustrates an example of template maiching,

(00221 FIG. 7 15 a block diagram illustrating an example video encoder that may
perform the techniques of this disclosure,

[8023] FI( 8 18 a block diagram dlustrating an exarple video decoder that may
perforro the techniques of this disclosure.

[0024] FI1G. 915 a flowchart illustrating an example method for encoding a current
block in accordance with the fechmques of this disclosure,

[8025] FIG. 10 15 a flowchart ilhustranng an example method for decoding a current
block in accordance with the techniques of this disclosure,

{8826] FIG. 11 1s a flowchart ilfusirating ancther example method for video datain
accordance with the techmques of this disclosure.

[0027] FIG. 1215 a Howchart illustrating another example method for decoding video

data m accordance with the techniques of this disclosure.
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DETAILED DESCRIPTION

[0028] Video coders {e.g., encoders and decoders} may be configured to code video
data using various inter prediction modes that may interact with other coding modes in a
negative or unexpected way. For example, certain template-based inter prediction
techniques may become more complex to implement or may lose coding efficiency
when applied together with coding techniques that involve scaling processes on a
reference prcture. Example template-based coding technigues may mncluded local
dlumination compensation (LIC) and/or template matching (TM) mter prediction.
Example video coding techniques that include the scaling of reference pictures mav
mehude reference picture resampling (RPR) and/or weighted prediction (WP).

[8629] In some example video codecs, the respective processes of template-based mter
prediction techmiques {e.g.. LIC and T™ nter prediction} are not completely defined
when RPR and/or WP are used. As such, video coding processes using both template-
based inter prediction techmques and RPR/WP may be more complex i implement
and/or provide for sub-optimal coding efficiency.

[0030] This disclosure describes techniques for coding video data. In particular, thig
disclosure describes techniques related to handhing the inferaction between RPR and/or
WP and template~-based inter prediction techmiques. In particular, ths disclosure
describes technigues that including disabling the use of template-based inter prediction
technigues m certain circumstances where RPR or WP are enabled for coding video
data. The techniques of this disclosure may reduce the computational complexity of
implernenting teroplate-based inter prediction technuques together with RPR or WP, In
addition, the techniques of this disclosure may improve coding efficiency m situations
where RPR or WP are enabled.

[9631] FIG. | 15 a block diagraniflustrating an example video encoding and decoding
svstemn 100 that may perform the techniques of this disclosure. The technigues of this
disclosure are generally directed to coding (encoding and/or decoding) video data. In
general, video data includes any data for processing a video. Thus, video data may
melude raw, unencoded video, encoded video, decoded {e.g., reconstructed) video, and
video metadata, such as signaling data.

[0032] As shownin FIG. 1, system 100 includes a source device 102 that provides
encoded video data to be decoded and displayed by a destination device 116, m thus

example. In particular, source device 102 provides the video data to destination device
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116 via a computer-readable medinm 110, Source device 102 and destination device
116 may comprise anv of a wide range of devices, imcluding deskiop computers,
notebook (1.2., laptop) computers, mobile devices, fablet computers, set~top boxes,
telephone handsets such as smartphones, televisions, cameras, display devices, digital
media players, video ganung consoles, video streaming device, broadcast receiver
devices, or the like. In some cases, source device 102 and destination device 116 may
he equipped for wireless commurication, and thus roay be referred to as wireless
communication devices,

[8833] In the example of FIG. 1, source device 102 meludes video source 104, memory
106, video encoder 200, and output interface 108, Destination device 116 mucludes
input interface 122, video decoder 300, memory 120, and display device 118, In
accordance with this disclosure, vides encoder 200 of source device 102 and video
decoder 300 of destination device 116 may be configured to apply the techniques for
coding video data using reference preture resampling and template based inier
prediction techmigues. Thus, source device 102 represents an exampie 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
meclude other components or arrangements. For example, source device 102 may
receive video data from an external video source, such as an external camera. Likewise,
destination device 116 may iterface with an external display device, rather than include
an 1ntegrated display device.

[6034] System 100 as shown in FIG. 1 is merely one example. In general, anv digital
videp encoding and/or decoding device may perform techniques for using reference
picture resamphing and template based inter prediciion technigues. Source device 102
and destination device 116 are merely examples of such coding devices m which source
device 102 generates coded video data for fransmussion to destination device 116, This
disclosure refers 1o a “coding” device as a device that performs coding (encoding and/or
decoding) of data. Thus, video encoder 200 and video decoder 300 represent examples
of coding devices. in particular, a videc encoder and a video decoder, respectively. In
some examples, source device 102 and destination device 116 may operate m a
substantially syrometrical manner such that each of source device 102 and destination
device 116 mncludes video encoding and decoding components. Hence, system 100 may

support one-way or two-way video transmission between source device 102 and
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destination device 116, e ¢, for video streaming, video playback, video broadcasting, or
video telephony.

[0035] In general, video source 104 represents a source of video data (1.2, raw,
unencoded video data) and provides a sequential series of pictures (also referred to as
“frames”) of the video data to video encoder 200, which encodes data for the pictures.
Video source 104 of source device 102 may include a video capture device, such as a
video camera, a video archive containing previously captured raw video, and/or a video
feed mnterface to receive video from a video content provider As a further alternative,
video source 104 may generale 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 1o as “display order™) into a coding order for coding. Video encoder 200 may
generate a bilstrearn meluding encoded video data. Source devige 102 may then ouiput
the encoded video data via output interface 108 onto computer-readable medium 110 for
receplion and/or retrieval by, e g., mput interface 122 of destination device 116

[8836] Mervory 106 of source device 102 and memory 120 of destination device 116
represent general purpose memories. In some examples, memories 106, 120 may store
raw video data, e.g.. raw video from video source 104 and raw, decoded video data from
video decoder 300, Additionally or aliernatively, memories 106, 120 may store
software instructions executable by, e.g., video encoder 200 and video decoder 300,
respectively. Although memory 106 and memory 120 are shown separately from video
encoder 200 and video decoder 300 1n this example, it should be understood that video
encoder 200 and video decoder 300 may also mclude mternal memories for functionally
stnular or equivalent purposes. Furthermore, memornies 106, 120 may siore encoded
video data, e.g., output from video encoder 200 and input to video decoder 300, In
some examples, portions of memories 106, 120 may be allocated as one or more video
huffers, e.g., o store raw, decoded, and/or encoded video data.

[8037] Computer-readable medium 110 may represent any tvpe of medium or device
capable of transporting the encoded video data from source device 102 fo destination
device 116, In one exarople, computer-readable mediurn 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 roay modulate a transmission signal
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including the encoded video data, and input interface 122 may demodulate the received
transrmission signal, according to a communication standard, such as a wireless
communication protocol. The coromunication medium may comprise any wireless or
wired communication medium, such as a radio frequency {RF) spectrum or one or more
physical transmussion Hnes. The communication medium may form part of a packet-
based network, such as a local area network, a wide-area network, or a global network
such as the Internet. The communication mediom may include routers, switches, base
stations, or any other equipment that may be useful to facilitate conumunication from
sowrce device 102 to destination device 116,

{8838 In some examples, source device 102 may output encoded data from output
iterface 108 to storage device 112, Sinularly, destination device 116 may access
encoded data from storage device 112 via input interface 122, Storage device 112 may
mnehide any of a vanety of distribuied or locally accessed daia storage media such as a
hard dnve, Blu-ray discs, DVDs, CD-ROMs, flash memory, volatile or non-volatile
memory, or any other suitable digital storage media for storing encoded video data.
[8039] In some examples, source device 102 may outpud encoded video data to file
server 114 or another intermediate storage device that may store the encoded video data
generated by source device 102, Destination device 116 may access stored video data
from file server 114 via streanmung or download.

[0040] File server 114 may be any type of server device capable of storing encoded
video data and transmutting that encoded video data to the destination device 116, File
server 114 mav represent a web server {e g, for a websiie), a server configured to
provide a file transfer protocol service (such as File Transter Protocol (FTP) or File
Delivery over Unudirectional Transport (FLUTE) protocol), a content delivery network
{CDN) device, a hypertext transfer protocol (HTTP) server, a Multimedia Broadcast
Mutticast Service (MBMS) or Enhanced MBMS (eMBMS) server, and/or a network
attached storage (NAS) device. Fie server 114 may, additionally or alternatively,
mmplement one or roore HTTP strearming protocols, such as Dynanuc Adaptive
Streaming over HTTP (DASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocol (RTSP), HTTP Dynamic Streaming, or the like.

[0041] Destimation device 116 may access encoded video data from file server 114
through any standard data connection, ncluding an Intemet connection. This may
include a wireless channel {e g a Wi-Fi connection}, a wired connection {e.g., digital

subscriber lineg (DSLY, cable modem, efc ), or a combination of both that is suitable for
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accessing encoded video data stored on file server 114, Input interface 122 mav be
configured {0 operate according o any one or more of the various prolocols discussed
above for retrieving or recetving media data from fle server 114, or other such
protocols for retrieving media data.

[0042] Output interface 108 and mnput interface 122 may represent wireless
fransmitiers/receivers, modems, wired networking components (e.g., Ethernet cards),
wireless conwnunication components that operate according to any of a variety of IEEE
802.11 standards, or other physical components. In examples where output interface
108 and nput mterface 122 comprise wireless components, output interface 108 and
nput 1nterface 122 may be configured to transfer data, such as encoded video data,
according to a cellular commurucation standard, such as 4G, 4G-LTE (Long-Term
Evolution}, LTE Advanced, 5G, or the like. In some examples where output interface
108 comprises a wireless transmnitter, output interface 108 and input mterface 122 may
be configured to transfer data, such as encoded video data, according to other wireless
standards, such as an IEEE 802 11 specification, an IEEE 802.15 specification {e.g.,
ZigBee™ 3 Bloetooth™ standard, or the like. In some examples, source device 102
and/or destination device 116 may mclude respective svstem-on-a-chip (SoC) devices.
For examyple, source device 102 may mclade an SoC device to perform the functionality
attributed to video encoder 200 and/or output interface 108, and destination device 116
may include an SoC device to perform the functionality attributed to video decoder 300
and/or nput interface 122,

[6043] The techniques of this disclosure may be applied to video coding m support of
any of a variety of multimedia applications, such as over-the-air television broadcasts,
cable television transmussions, satellite television transnussions, Internet streaming
video transmissions, such as dynamic adaptive streaming over HTTP (DASH), digital
video that1s encoded onto a data storage medium, decoding of digttal video stored on a
data storage medium, or other applications.

[6044] Toput nterface 122 of destination device 116 receives an encoded video
bitstream from computer-readable medium 110 {e.g, a communication medium, storage
device 112, file server 114, or the like). The encoded video bitsiream may include
signaling wdormation defined by video encoder 200, which 15 also used by video
decoder 300, such as syntax elements having values that describe characteristics and/or
processing of video blocks or other coded units (2.g., slices, pictures, groups of pictures,

sequences, or the like}. Display device 118 displavs decoded pictares of the decoded
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viden data to a user. Display device 118 may represent any of a vaniety of display
devices such as a hquid crystal display (LCD), a plasma display, an orgamic light
emiiting diode (OLED) display, or another tvpe of display device.

[0045] Although not shown in FIG. 1, i some examples, video encoder 200 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
handle nultiplexed strears mcluding both andio and video i a conwnon data stream.
[8646] Video encoder 200 and video decoder 300 each may be implemented as any of a
variety of suitable encoder and/or decoder circmiry, such as one or more
microprocessors, digital signal processors {DSPs), application specific itegrated
circuits {ASICs), field programmable gate arrays (FPGAs), discrete logic, software,
hardware, firmware or anv combinations thereof. When the technigues are
implemented partially in software, a device may storg wstructions for the software ina
suitable, non-transitory computer-readable medium and execute the instructions in
hardware using one or more processors to perform the techniques of this disclosure.
Each of video encoder 200 and video decoder 300 may be included i one or more
encoders or decoders, etther of which may be integrated as part of a combined
encoder/decoder {CODEC) m a respective device. A device including video encoder
200 and/or video decoder 300 may comprise an infegrated circuit, 8 microprocessot,
and/or a wireless communication device, such as a cellular telephone.

(9647 Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as ITU-T H.265, also referred to as High Efficiency Video
Coding (HEV() 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 proprietarv or industry standards, such as ITU-T H.266, also
referred to as Versatile Video Coding (VV). In other examples, video encoder 200
and video decoder 300 may operate according to a proprietasy video codec/format, such
as AQOMedia Video | (AV ), extensions of AV, and/or successor versions of AV {e.g.,
AV2). In other examples, video encoder 200 and video decoder 300 may operate
according to other proprietary formats or mdustry standards. The techmques of this
disclosure, however, are not limuted to any particular coding standard or format. In
general, video encoder 200 and video decoder 300 may be configured to perform the
techniques of this disclosure in conjunction with any video coding techniques that use

reference picture resamphing and template based inter prediction technigues.
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[6048] In general, video encoder 200 and video decoder 300 mav perform block-based
coding of pictares. The term “block™ generally refers o a stracture including data to be
processed {e.g., encoded, decoded, or otherwise used in the encoding and/or decoding
process). For example, a block may include a two-dimensional mainx of samples of
luminance and/or chrominance data. In general, video encoder 200 and video decoder
300 may code video data represented m a YUV {e.g., Y, Cb, Cr) format. That is, rather
than coding red. green, and blue (RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code luminance and chronmunance conponents, where the
chrominance cormponents may mchide both red hue and blae hue chrominance
componerts. In soroe exaroples, video encoder 200 converts recetved RGB formatted
data to a YUV representation prior to encoding, and video decoder 300 converts the
YUY representation to the RGB format. Alternatively, pre- and post-processing units
{not shown) may perform these conversions.

100491 This disclosure may generally refer o codmg (e.g., encoding and decoding) of
pictures to include the process of encoding or decoding data of the picture. Stmularly,
this disclosure may refer to coding of blocks of a picture to include the process of
encoding ot decoding data for the blocks, e.g., prediction and/or residual coding. An
encoded video bitstream generally ncludes a series of values for syntax elements
representative of coding decisions {e.g., coding modes} and partitioning of pictures into
blocks. Thus, references to coding a picture or a bloek should generally be understood
as coding values for syrtax elements forming the picture or block.

180501 HEV( defines vanious blocks, inchuding coding units (CUs), prediction units
{(PUs), and transform units {TUs). According to HEVC, a video coder (such as video
encoder 200) partitions a coding tree umit (CTU) into CUs according 1o a quadtree
structure. That is, the video coder partitions U'TUs and CUs into four equal, non-
overlapping squares, and each node of the quadtree has either zero or four child nodes.
MNodes without child nodes may be referred to as “leaf nodes,” and (s of such leaf
nodes may mclude one or raore PUs and/or one or more TUs. The video coder may
further partiiion PUs and TUs. For example, in HEVC, a residual quadtree (RQT)
represents pariitioming of TUs. In HEVC, PUs represent inter-prediction data, while
TUs represent residual data. CUs that are intra-predicted include mitra-prediction
mformation, such as an mtra-made indication.

[0051] As another example, video encoder 200 and video decoder 300 may be

configured to operate according 10 VVC. According to VVC, a video coder (such as
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video encoder 200} partitions a picture into a plurality of coding tree units (CTUs).
Video encoder 200 may partition a CTU according {0 a tree struchure, such as a
quadtree-binary tree (QTBT) structure or Multi-Type Tree (MTT) structure. The QTBT
structure removes the concepts of multiple partiion types, such as the separation
between CUs, PUs, and TUs of HEVC. A QTBT stracture includes two levels: a first
level partitionad 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. Leaf nodes of the binary trees correspond to coding units (CUs).

[8632] In an MTT partifioning stracture, blocks mav be partiioned using a quadiree
(Q1) partition, a binary tree {BT) partition, and one or more types of tnple tree (TT)
{also called ternary tree (TT)) partitions. A triple or ternary tree partition is a partition
where a block is split into three sub-blocks. In some examples, 2 triple or temary tree
partition divides a block into three sub-blocks without dividing the original block
through the center. The partitioning types m MTT {e.g, OT, BT, and TT}, may be
symmetrical or asy mmetrical.

[B053] When operating according to the AV codec, video encoder 200 and video
decoder 300 roay be configured to code video datan blocks. Tn AV, the largest coding
block that can be processed is called a superblock. In AV, a superblock can be either
128x128 luma samples or 64x64 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 quadtree. Video
encoder 200 may further partition a superblock mto smaller coding blocks. Video
encoder 200 may partition a superblock and other coding blocks into smaller blocks
using square or non-square parfitioning. Non-square blocks may include N/2xN,
NxN/2, N/4xIN, and NxN/4 blocks. Video encoder 200 and video decoder 300 may
perform separate prediction and transform processes on each of the coding blocks.
[0054] AV also defimes a tile of video data. A tile 15 a rectangelar array of superblocks
that may be coded independently of other tides. That s, 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 n
size. Tile-based coding may enable parallel processing and/or multi-threading for

encoder and decoder implementations.
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180551 Tn some examples, video encoder 200 and video decoder 300 may use a single
QTBT or MTT structure to represent each of the huminance and chrominance
components, while in other examples, video encoder 200 and video decoder 300 may
use two or more QTBT or MTT structures, such as one QTBT/MTT structure for the
luminance component and another QTBT/MTT structure for both chrominance
components {or two QTBT/MTT structures tor respective chromimance components),
(80561 Video encoder 200 and video decoder 300 may be configured 1o use quadiree
partitioning, QTBT partitioning, MTT partitioning, superblock partiticrung, or other
partitioning stroctures,

6857} In sowe examples, a CTU includes a coding tree block {CTB) of luma samples.,
two correspondmg ('TBs of chroma samples of a picture that has three sample arravs, or
a CTB of samples of a monochrome picture or a picture that is coded using three
separate color planes and syntax structures used 1o code the samples, A CTB may be an
NxIN block of samples for some value of N such that the division of a component indo
{'TBsis a partitioning. A component is an array or single sample from one of the three
arrays {luma and two chroma) that compose a picture in 4:2:0, 4. 2.2, or 4:4:4 color
format or the arrav or a single sample of the array that compose a picture in
monochrome format. fn some examples. a coding block 15 an MxN block of samples
for some values of M and N such that a division of a CTB nto coding blocks is a
partitioning,

[6638] The blocks {e.g., CTUs or CUs) may be grouped in various ways in a picture.
As one example, a brick may refer to a rectangular region of CTU rows within a
particular tile in a picture. A tile may be a rectangular region of CTUs withina
particular tile column and a pariicular tile row i a picture. A tile column refers to a
rectangular region of CTUs having a height equal to the height of the picture and a
width specified by syntax elements {e.g., such as in a picture parameter set). A tide row
refers 1o a rectangular region of CTUs having a height specified by syntax elements
{e.g., such as 1o a picture parameter set) and a width equal to the widih of the picture.
[0659] In some examples, a tile may be partitioned nto multiple bricks, each of whic
may include one or more CTU rows within the tile. A tile that 18 not partiioned mto
multiple bricks may also be referred to as a brick. However, a brick that 15 a true subset
of a tile may not be referred to as a tile. The bricks 1n a picture may also be arranged in
aslice. A slice may be an integer mumber of bricks of a picture that may be exclusively

contained in a single network abstraction laver (NAL) unit. In some examples, a shee
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includes either a number of complete tiles or only a consecutive sequence of complete
bricks of one tile.

[0060] This disclosure may use “NxIN” and “N by N7 interchangeably to refer to the
sample dimensions of a block {such as a CU or other video block) in terms of vertical
and honizontal dimensions, .2, 16x16 samples or 16 by 16 samples. In general, a
tox16 CU will have 16 samples i a vertical direction {y = 16) and 16 samples ina
horizontal direction (x = 16}, Likewise, an NxN CU generally has N samples m 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 columns.
Moreover, CUs need not necessartly have the same nuober of saroples n the honzontal
direction as in the vertical direction. For example, CUs may comprise NxM samples,
where M is not necessarily equal to N

[0061] Video encoder 200 encodes video data for CUs representing prediction and/or
residual information, and other imformation. The prediction information indicates how
the CU 15 1o be predicted in order to form a prediction block for the CU. The residual
mformation generally represents sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

108862] To predict a CU, video encoder 200 mav generally form a prediction block for
the CU through inter-prediction or mira-prediction. Inter-prediction generally refers to
predicting the CU from data of a previcusly coded picture, whereas intra-prediction
generally refers to predicting the CU from previousiy coded data of the same pictare.
To perform mter-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 wdentify a reference block that closely matches the CU, e.g., in terms of differences
between the CU and the reference block. Video encoder 200 may calculate a difference
metric using a sam of absolute difference (SAD), sum of squared differences (SSD,
mean absolute difference (MAD}, mean squared differences (MSD}, or other such
difference calculations to deternmine whether a reference block closely maiches the
current CU. In some examples, video encoder 200 may predict the current CU using
uni~directional prediction or bi-directional prediction.

18863] Some examples of VVC also provide an affine motion coropensation 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-

SUBSTITUTE SHEET (RULE 26)



WO 2023/114627 PCT/US2022/080331

15

translational motion, such as zoon in or out, rotation, perspective motion, or other
wregvdar motion lypes.

[0064] To perform mtra-prediction, video encoder 200 may select an wotra-prediction
maode to generate the prediction block. Some exaraples of VV provide sixiy-seven
ntra-prediction modes, including various directional modes, as well as planar mode and
DC mode. In general, video encoder 200 selects an itra-prediction ruode that deseribes
neighboring saraples to a current block {e.g., a block of a CU) from which to predict
sarnples of the current block. Such samples may generally be above, above and to the
left, or to the left of the current block m the same picture as the current block, assuming
video encoder 200 codes CTUs and CUs in raster scan order (lefl to night, top to
bottom}.

[0065] Video encoder 200 encodes data representing the prediction mode for a current
block. For example, for inter-prediction modes, video encoder 200 may encode data
representing which of the various available inter-prediction modes s used, as well as
motion mformation 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 (AMVP) or merge mode. Video encoder 200 may
use stmiiar modes to encode motion vectors for affine motion compensation mode.
[8066] AV1 includes two general techniques for encoding and decoding a coding block
of video data. The two general techniques are intra prediction (e.g., inira frame
prediction or spatial prediction) and inter prediction {e.g., inter frame prediction or
tenporal prediction). In the context of AV, when pradicting 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 current block and predicted values generated from reference
samples in the same frame. Video encoder 200 determines pradicied values generated
from the reference saraples based on the intra predichion mode.

[0667] Following prediction, such as intra-prediction or inter-prediction of a block,
video encoder 200 may calculate residual data for the block. The residual data, such as
a residual block, represents sarople by sample differences between the block and
prediction block for the block, formed using the corresponding prediction mode. Video
encoder 200 may apply one or more transforms to the residual block, to produce

fransformed data i a transform domain instead of the sample domain. For example,
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video encoder 200 may apply a discrete cosine transform (DCT), an integer fransform, a
wavelet iransform, or a conceptually simalar transform to residual video data.
Additionally, video encoder 200 mayv apply a secondary transform following the first
transform, such as a mode-dependent non-separable secondary transform (MDNSST), a
signal dependent transform, a Karhunen-Logve transform (KLT), or the like. Video
encoder 200 produces transtorm costficients following application of the one or more
fransforms.

[8068] As noted above, following any transforms to produce transform coefficients,
video encoder 200 may perform quantization of the transform coeflicients.
Quantization generally refers to a process i which transform coefficients are quantized
0o possibly reduce the amount of data used to represent the transform coefficients,
providing further compression. By performing the guantization process, video encoder
200 may reduce the bit depth associated with some or all of the transform coefficients.
For example, video encoder 200 may round an #-bit value down 1o an m-bil value
during quantization, where 7 1S greater than . In some examples, 1o perform
quantization, video encoder 200 may perform a bitwise righi-shift of the value to be
quantized.

[0069] Following quantization, video encoder 200 may scan the fransform coefficients,
producing a one-dimensional vector from the two-dimensional matrix including the
quaniized transform coefficients. The scan roay be designed to place higher energy (and
therefore lower frequency) transform coefficients 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 mayv uitlize g predefined scan order to
scan the quantized fransform coefficients to produce a serialized vector, and then
entropy encode the quantized transform coeflicients of the vector. In other examples,
video encoder 200 may perform an adaptive scan. After scanning the quantized
transform coefficients to form the one-diwensional vector, video encoder 200 may
entropy encode the one-dimensional vector, e.g., according o contest-adaptive binary
artthimetic coding {CABAC). Video encoder 200 may also entropy encode values for
svitax elements describing metadata associated with the encoded video data for use by
video decoder 300 in decoding the video data.

[8870] To perform CABAC, video encoder 200 may assign a context within a context

model 1o a symbol to be transmitied. The context may relate 1o, for example, whether
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neighboring values of the symbol are zero-valued or not. The probabiiity determination
may be based on a context assigned to the syrobol.
[0071] Video encoder 200 may {urther generate syntax data, such as block-based svatax
data, picture-based syntax data, and sequence-based syntax data, to video decoder 300,
.., in a picture header, a block header, a slice header, or other syntax data, such as a
sequence parameter set {SPS), picture parameter set (PPS), or video parameier set
{(VPS). Video decoder 300 may likewise decode such syntax data to determine how to
decode corresponding video data.
[8072] In this manner, video encoder 200 may generate a bilsiream meluding encoded
video data, e.g., svntax elements describing partitioning of a picture into hlocks (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
0073 To general, video decoder 300 performs a reciprocal process to that performed by
video encoder 200 1o decode the encoded video data of the bilstrearn. For example,
video decoder 300 may decode values for syntax elements of the bitstream using
CABAC m a manner substantially sinular to, albent reciprocal 10, the CABAC encoding
process of video encoder 200, The svotax elements may define partitioning information
for partittoring of a picture into CTUs, and partitioning of each CTU according to a
corresponding partition structure, such as a QTBT structure, to define CUs of the CTU.
The syntax elements may further define prediction and residual imformation for blocks
{e.g., CUs)y of video data.
{6074] The residual information may be represented by, for example, quantized
transform coefficients. Video decoder 300 may inverse quaniize and inverse transform
the quantized travsform coefficients of a block to reproduce a residual block for the
block. Video decoder 300 uses a signaled prediction mode {(imtra- or inter-prediction)
and related prediction information {e.g., motion information for inter-prediction} to
form a prediction block for the block. Video decoder 300 may then combine the
prediction block and the residual block {on a samplie-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
[0075] This disclosure may generally refer to “signaling” certain information, such as
syntax elements. The term “signaling™ may generally refer to the communication of

values for syntax elements and/or other data used to decode encoded video data. That
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is, video encoder 200 may signal values for syntax elements in the bitstreamn. In
general, signahing refers to generating a value i the biisiream. As noted above, source
device 102 may transport the bifstream to destination device 116 substantially n real
time, or not in real time, such as might occur when storing syntax elements to storage
device 112 for later retrieval by destination device 116.

[0076] As will be described m more detail below, the techniques of this disclosure relate
handling the mteraction between reference picture resaropling (RPR) and template-
based inter prediction technigues {e.g.. template matching and local Hlumination
compensation {LIC}}. The techmques of this discloser may be applied as extensions o
any of the existing video codecs, such as HEVC (High Efficiency Video Coding), VVC
{(Versatile Video Coding), Essential Video Coding (EVC), or be an efficient coding tool
in future video coding standards. In a general example, video encoder 200 and video
decoder may be configured to determine that an RPR mode is enabled, determine not o
apply a teroplate-based inter prediction techrugue to the video data based on the RPR
mode being enabled, and decode the video data using inter prediction without applving
the template-based mter predichon technigue.

10077 CU Structure and Motion Vector Prediction

[B078] In some video coding processes {e.g., HEV{), the largest coding unit (LCUjmn a
shice is called a coding tree block (UTB} or coding tree unit {CTU). A CTB contains a
quad-iree, the nodes of which are called coding vmis (CUs).

(86791 The size of a CTB can range from 16x16 samples to 64x64 saraples in the
HEVC main profile {although technicallv 8x8 CTB sizes can be supported). A CU may
be the same size as a CTB to as small as 8x8 samples. Each CU is coded with a coding
mode (e.g., inter, intra, or another coding mode). When a CU is inter coded, the CU
may be further partitioned into two or four prediction wnits (PUs) or mav become just
one PU when further partitioning does not apply. When two PUs are present m one {1,
the two PUs can be half size rectangles or two rectangles having sizes that are ¥ or %
the size of the CU.

[6080] When the CU 15 inter coded, each PU has one set of motion information, which
video decoder 300 may derived with a unique inter prediction mode.

[0081] Metion Vector Prediction

[0082] In some video coding processes {e.g., HEV{), there are two inter prediction
modes, named merge (skip 1s considered as a special case of merge} and advanced

motion vector prediction {AMVP) modes, respectively, for a PU
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[6083] Tn etther AMVP or merge mode, a motion vector (MV) candidate hist is
mamtained for multiple motion vector prediciors. The motion vector(s), as well a3
reference indices 1o the merge mode, of the current PU are generated by taking one
candidate from the MV candidate list

[0084] The MV candidate list includes up to five candidates for the merge mode and
only two candidates for the AMVP mode. A merge candidate may include a set of
motion mformation, e g.., motion vectors corresponding to both reference picture lists
{list G and list 1) and the reference mdices. I a merge candidate 1s identified by a merge
index, the reference pictures used for the prediction of the current blocks, as well as the
assoctated motion vectors are determuned. On the other hand, under AMVP mode, for
each potential prediction direction from either list 0 or list 1, a reference index is
explicitly signaled, together with an MV predictor {(MVP) index to the MV candidate
st since the AMVP candidate contains only a motion vector. In AMVP mode, the
predicted motion vectors can be further refined.

[0085] The candidates for both merge and AMVP modes are derived similarly from the
same spatial and temporal neighboring blocks.

[0086] Spatial Neighboring Candidates

[0087] As shown in FIG. 2, spatial MV candidates are derived from the neighboring
blocks for a specific PU (PUs), although the methods for generating the candidates from
the blocks differ for merge and AMVP modes.

(0088 o merge mode, up to tour spatial MV candidates can be derived for PUQ 400
using the order shown in FIG. 2. The order is the following: left neighboring block (0,
A1), above neighboring block (1, B1), above right neighboring block (2, BO), below lefi
neighboring block (3, AG), and above left neighboring block (4, B2). as shown n FIG.
2.

[6039] In AVMP mode, the neighboring blocks of PUG 402 are divided mto two
groups: aleft group including neighboring blocks  and 1, and an above group inchuding
neighboring blocks 2, 3, and 4. For each group, the potential candidate 1 a neighboring
block referring to the same reference picture as that indicated by the signaled reference
index has the highest priority to be chosen to form a final candidate of the group. Ttis
possible that all neighboring blocks do not contain a motion vector pomting fo the same
reference picture. Therefore, if such a candidate cannot be found, the first available
candidate will be scaled to form the final candidate, thus the temporal distance

differences can be compensated.
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[6699] Tempeoral Motion Vector Prediction

(8091 A temporal motion vector predictor {TMVP) candidate, if enabled and available,
15 added info the MV candidate list after spatial motion vector candidates. The process
of motion vector dervation for a TMVP candidate 1s the same for both merge and
AMYVP modes. However, the target reference index for the TMVP candidate in the
merge mode 15 always set to 0.

{0092 The primary block location for TMVP candidate derivation 1s the botiom night
block outside of the collocated PU, shown in FIG. 3 as a block 410 (“T™), to
compensate the bias o the above and left blocks used to generate spatial neighboring
candidates. However, if that block 1s located outside of the current CTB row or motion
mformation is not available, the block is substituted with a center block 412 of the PU.
[8093] The motion vector for a TMVP candidate 1s derived from the co-located PU of
the co-located picture, indicated at the slice level. The motion vector for the co-located
PU 15 called a collocated MV,

(6094 Similarly {o temporal direct mode in AV, 1o derive the TMVP candidate
motion vector, the co-located MV may be scaled to compensate the temporal distance
differences, as shown in process 450 of FIG. 3.

[0095] Other Aspects of Motion Prediction

[0096] Several other aspects of merge and AMVP modes are described below.

[0097] Metion vector scabing: It 15 assumed that the value of motion vectors 13
proportional to the distance of pictures in the presentation ime. A roolion vector
associates two pictures: the reference picture and the pictime containing the motion
vector (namely the contamning picture), When a motion vector is uitlized {0 predict the
other motion vector, the distance of the containing picture and the reference picture is
calculated based on Picture Order Count (POC) valuess.

[0098] For a motion vector to be pradicted, both its associated containing picture and
reference picture may be different. Therefore, a new distance (based on POC) 13
calculated. The rootion vector 1s scaled based on these two POC distances. Fora
spatial neighboring candidate, the containing pictures for the two motion vectors are the
same, while the reference pictares are different. In HEVC, motion vector scaling
apphes to both TMVP and AMVP for spatial and temporal neighboring candidaes.
[0099] Artificial motion vector candidate generation: I 2 motion vecior candidate

list is not complete (e.g., includes less than a predetermined maximum number of

SUBSTITUTE SHEET (RULE 26)



WO 2023/114627 PCT/US2022/080331

21

candidates), artificial motion vector candidates are generated and inserted at the end of
the hist until the st has the maximum number of candidates,

[0100] In merge mode, there are two types of artificial MV candidates: a combined
candidate dertved only for B-slices and zero candidates used only for AMVP if the first
tvpe does not provide enough artificial candidates.

[3101] For each pair of candidates that are already in the candidate hst and have the
necessary motion information, hi-directional corubined rmotion vector candidates are
derived by a combination of the motion vector of the first candidate referring to a
picture in st 0 and the motion vector of a second candidate refernng to a picture in list
I.

[0102] Pruning process for candidate insertion: Candidates from different blocks
may happen to be the same, which decreases the efficiency of a merge/ AMVP candidate
hist. A pruning process is apphed to address this problem. The proning process
compares one candidate against the others in the current candidate list {o avoud mnserting
identical candidates. To reduce the complexity, only a limuted number of prunimg
processes are applied instead of comparing each potential candidate with all the other
existing candidates.

{0103] Beference Picture Resampling

[8104] In some video coding processes {e.g., HEV{), the spatial resolution of pictures
cannot change unless a new sequence using a new sequence parameter set (SPS) starts
with an intra random access point (IRAP) picture. YV enables piciure resolution
changes within a sequence at a position without encoding an IRAP picture, which is
abways intra-coded. This feature is sometimes referred 10 as reference picture
resampling (RPR), as RPR includes resampling of a reference picture used {or inter
prediction when that reference picture has a different resolution than the current picture
being decoded. In order to avoid additional processing steps, the RPR process in VV{
is designed to be embedded in the motion compensation process and performed at the
block level. In the motion compensation stage, a scaling ratio 18 used together with
motion information to locate the reference samples i the reference picture to be used in
the mterpolation process.

18105] In VVC, the scaling ratio 1s restricted to be larger than or equal to 1/2 (2 times
down-sampling from the reference picture to the current picture}, and less than or equal
1o 8 (& times up-sampling}. Three sets of resampling filters with different frequency

cutoffs are specified 1o handle vanous scaling ratios between a reference piciure and the
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current picture. The three sets of resampling filters are applied, respectively, for the
scaling ratios ranging from 1/2 to 1/1.75, from 1/1.75 t0 1/1.25, and {rom 1/1.25 0 §.
[0106] Each set of resampling filters has 16 phases {or lama components and 32 phases
for chroma components, which 1s same 10 the case of motion compensation
mnterpolation filters. The filter set of normal motion compensation interpoiation 1s used
in the case of scaling ratio ranging from 1/1.25 to 8. Actually, the normal motion
compensation interpolation process may be considered a special case of the resanpling
process with scaling ratio ranging from 1/1.25 to 8. In addition o conventional
transiational block motion, the affine mode has three sets of 6-tap mterpolation hilters
that are used for the luma component to cover the different scaling ratios 10 RPR. The
horizontal and vertical scaling ratios are derived based on picture width and height, and
the left, right, top and bottom scaling offsets specified for the reference picture and the
current picture,

[0107] For support of this feature, the picture resolution and the corresponding
conformance window are signalled in the picture parameter set (PPS) instead of in the
SPS, while the maximum picture resolution 1§ signalled in the SPS.

[0108] Weighted Prediction

[8109] In some video coding processes {e.g., HEV{), Weighted Prediction (WP} 1s
supported, where a scaling factor {denoted by g}, a shift number {denoted by s}, and an
offset {(denoted by 5} 1s used n the motion compensation process. For a pixel value in
position {x, v} of the reference picture p(x, v}, the function p’(x, v) = ((@*p(x, vy} + {1 <<
{s-1)3) >> s} + b instead of px, v} is used as the prediction value in motion
compensation,

{8110] When WP 1s enabled, for sach reference pictare of current shee, video encoder
200 signals a flag to mdicate whether WP applies for the reference picture ornot. IfWP
appligs for one reference picture, a set of WP parameters {e.g., @, s and b} 18 sent to
video decoder 300 and 15 used for motion compensation from the reference picture. To
flexibly turn on/off WP for luma and chroma coraponent, the WP flag and WP
parameters are separatelv signaled for luma and chroma component.

[8111] In one example of WP, one same set of WP parameters 15 used for all pixels in
one reference picture.

10112] Local Hlumination Compensation (1C) in HEVC

[0113] In one example process, a partition-based tHlumination compensation (PBIC) is

used. Different from weighied prediction (WP}, which is enabled/disabled {or use, and
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parameters are signaled, at the slice level, PBIC 15 enabled/disabled and its model
parameters are signaled at the PU level to handle focal dhumimation variation,

[0114] Simlar to WP, tllumination compensation also has a scaling factor (alse denoted
by @) and an offset (also denoted by £}, and the shift number is fixed to be 6. An IC flag
is coded for each PU to indicate whether IC applies for current PU or not. If IC applies
for the PU, a sel of IC parameters (e.g., a and b} are signaled to video decoder 300 and
are used for motion corapensation. In the bi-prediction case, two scaling factors {one
for each prediction direction) and one offset are signaled.

[8115] In one example, to save bits spent on IC parameters, the chroma components
shares the scaling factors with the luma components and a fixed offset 128 is uged.

[0116] Local Blumination { empensation in ID-HEV(

[8117] In 3D-HEV, IC 15 enabled for inter-view prediction. Dhfferent from WP and
PBIC, which signals IC parameters explicitly, 3D-HEVC inchudes denving IC
parameters based on neighboring samples of a current CU and neighbonng samples of a
reference block.

[8118] IC applies to a ZNs2N partition mode only. For AMVYP mode, one IC {lag is
signaled for each CU that 1s predicted from an inter-view reference picture. For ruerge
mode, to save bits, an I{ flag is signaled only when merge index of the PU is not equal
to 0. In one example, IC does not apply to CU that is only predicted from temporal
reference pictures.

(81191 A hoear IC model used 1o mater-view prediction 1s shown in Eg. (1}

(1
[8120] Here, PUe1s the current PU, (7, /) is the coordinate of pixels in PUL, (dv, iy} 15
the disparity vector of PUe. p{i, j1s the prediction of PU, v s the PU’s reference
picture from neighboring view, and ¢ and / are parameters of the limear i€ model.
[6123] To estimate parameters @ and & for a PU, two set of pixels, as shown in FIG. 4,
are used. A first sei of pivels are the avalable reconstructed neighboring pixels
{Recneig) 460 1 the left colunm and the above row of current CU 460 (the CU that
contains current PU}Y. A second set of pixels are the corresponding neighboring pixels
{(Recropeg) 462 of current CU’s reference block. A reference block of the current CU is

found by using current PU s disparity vector,
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[8122] Let Recue and Recreseig denote a neighboring pixel set of the current CU and
its reference block, respectively, and let 2N denote the pixel nomber i Recre, and
ReCrepers. Then, a and & can be calculated as:

IN-1 IN-] IN-

AN X Rec,, (1) Ree ()= Rec,,, (i) E Ree, g (1) "
4= = -1 = ,/w | . N N
28-S Rec s, (1) Reo,y, (1)1 ¥ Rec, (1))

=0 (N ,r'
2N-1 ‘ -1
Z‘ R*{.m }-a ‘: Ree, *m( } 3
ZN

[8123] In some cases, only ais used in the linear mode! and b 15 always set equal to 0,
or only b is used and a i1s always set equal to 1.

[0124] Local Hlumination Compensation in JVET

[6128] Local Hlumination Compensation {(LIC} is based on a hinear model for
llumination changes, using a scaling factor o (with a shift number fixed 16 be 6) and an
offset &, In one example, LIC is enabled or disabled adaptively for each inter-mode
coded CU.

[8126] When LIC applies for a CU, a least square error method 15 emploved to denve
the parameters ¢ and / by using the neighbouring sanples of the cwrrent CU and thewr
corresponding reference samples. More specifically, as ilfustrated m FIG. 5, the
subsampled (2.1 subsampling) neighbouring samples 500 of the CU and the
corresponding pixels 302 (identified by motion mformation of the current CU or sub-
U} in the raference picture are used. The IC parameters are derived and applied for
each prediction direction separaiely,

[0127] When a CU 15 coded with merge mode, the LIC flag is copied from
neighbouring blocks, in a way similar to motion information copy in merge mode;
otherwise, an LIC flag 15 signalied for the CU to indhicate whether LIC applies or not.

[0128] Template Matching Prediction

[6129] Template matching (TM) prediction 1s a special merge mode based on Frame-
Rate Up Conversion (FRUC) techniques. With this mode, motion information of a
block 1s not signalled, but is derived at video decoder 300. TM may be apphed {o both

AMVP roode and regular merge wode. In AMVP mode, MVP candidate selection s
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determined based on template matching to pick the MVP candidate which results in the
stallest difference between a current block templaie and a reference block template. In
regular merge mode, a T™M mode flag is signalled (o indicate the use of T™M and then
TM 1s applied {o the merge candidate mdicated bv merge index for MV refinement.
[0130] Asshown in FIG. 6, template matching 15 used to derive motion information of
the current CU by finding the closest match between current templates 520 (top and/or
left neighbourimg blocks of the current CU) n the current picture and a block (e g,
reference templates 525 that are the same size as current templates 520} in a reference
picture. With an AMVP candidate selected based on initial watching ervor, its MVP 15
refined by tenplate matching. With a merge candidate indicated by signaled rerge
mndex, ts merged MVs corresponding to L0 and L1 are refined independently by
template matching and then the less accurate MV is further refined again with the betier
MV as a prior,

[0131] Cost function: When a motion vecior poinis to a {ractional sample position,
motion compensated interpolation is used. To reduce complexity, bi-linear interpolation
msiead of regudar 8-tap DCT-IF mterpolation s used for ternplate maiching to generaie
templates on reference pictures. The matching cost £ of template matching is calculated
as follows:

€ = SAD +w - (MY, — MYS| + |MY], — MV}

3
J?

where w 15 a weighting factor which is empirically set to 4, MV and MV indicates the
currently tested MV and the mutial MV (1.e, a MVP candidate in AMVP mode or
merged motion i merge mode), respectively. SAD is used as the matching cost of
template matching.

[6132] When T™M is used, motion is refined by using luma samples only. The derived
motion will be used for both fuma and chroma for motion compensation nter
prediction. After the MV is decided, a fimal motion corapensation is performed using 8-
taps interpolation filter for fuma and 4-taps interpolation fitter for chroma.

[0133] Search method: MV refinement 15 a patliern-based MV search with the criterion
of template matching cost and a hierarchucal structure. Two search patterss are
supported — a diamond search and a cross search for MV refinement.  The hierarchical
structure specifies an terative process o refine MV, starting at a coarse MV D precision
{e.g., quarier-pel) and ending at a fine MVD precision {e.g., 1/8-pel). The MV 13

directly searched at quarter luma sarople MVD precision with diamend pattern,

SUBSTITUTE SHEET (RULE 26)



WO 2023/114627 PCT/US2022/080331

26

followed by quarter fuma sample MVD precision with cross pattern. This is followed
by oneg-etghth luma sample MVD refinement with a cross pattern. The search range of
MV refinement 15 set equal to (-8, +8) luma samples around the nitial MV, When the
current block is of bi-prediction, both MVs are refined independently, and then the best
of which {in terms of matching cost} is set as a prior to further refine the other MV with
BCW weight values.

10134] Problems

[8135] The respective processes of template-based mter prediction techniques (e g., LIC
and TM inter prediction) described above are not completely defined when RPR and/or
WP are used. As such, video coding processes using both teroplate-based wnter
prediction technigues and RPR/WP may be more complex to implement and/or provide
for sub-optimal coding efficiency.

[9136] Examples

[0137] In general, the following techrigues of this disclosure can be applied to any
template-based inter prediction techniques. Without loss of generality, the disclosure
shows examples for LIC and TM to specify how RPR and WP can interact with LIC and
THM.

{0138] Section 1 - Enabling Conditions of Template-based inter Prediction

[8139] The examples listed below describe RPR restrictions on LIC to determine
whether LIC can be applied or not based on the respective pictare sizes of the current
picture and the reference picture(s).

[6146] In one example, when the coding mode of an inter-prediction block 1s AMVP or
merge mode {e.g., either regular AMVP/merge or affing AMVP/merge mode), LIC 15
not apphed {e.g., is disabled) to an inter prediction hyvpothesis for a block when the
corresponding reference picture used in generating the inter prediction hyvpothesis is
smaller or larger than the current picture (e.g., the reference picture 1§ a different size
than the current picture). When a corresponding reference picture 1s a different size
than a current picture, RPR 18 typically enabled. As such, in one example of the
disclosure, video encoder 200 and video decoder 300 may be configured to not apply
LIC when RPR 13 enabled. Said m another way, video encoder 200 and video decoder
300 roay be configured to not apply LIC wheo a corresponding reference picture used
for LIC is a different size {e.g , larger or smaller) than current picture containing the

block of video data being coded.
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{81411 Accordingly, in one example of the disclosure, video encoder 200 and video
decoder may be configured to deterrnine that an RPR mode is enabled, determine not to
apply a template~-based inter prediciion technique to the video data based on the RPR
mode being enabled, and decode the video data using inter prediction without applying
the template-based inter prediction technigue.

[3142] In one example of bi-prediction, video encoder 200 and video decoder 300 may
forr two prediction hypotheses based on motion vectors from two different reference
picture lists. o some examples, a motion vector from a first reference picture list may
point to a reference picture that has a different size than the current picture and another
mation vector from a second reference picture list may point to a reference picture that
has the same size as the current picture. As described above, video encoder 200 and
video decoder 300 may disable LIC for the prediction hvpothesis that is based on a
reference picture having a different size than the current pictare. However, in another
example of the disclosure, video encoder 200 and video decoder 300 may apply LIC to
the other nter prediction hypothesis when its reference picture correspondig 10 the
other reference pictare hst s at the same piclure size as the current picture. That s, LIC
may be performed on a prediction hvpothesis for a rootion vector associated with ove of
the reference picture lists if the reference picture pointed to by the motion vector 15 the
same size as the current picture. As such, i one example, LIC may be performed on
one prediction hypothesis for bi-prediction, but not the other prediction hyvpothesis.
[8143] To (regular or affine) AMVP modes, when all the reference pictures of a inter
prediction block have a different picture size from the current picture, video encoder
200 may be configured (o not signal the block-level (or CU-level) LIC flag in the
encoded video bitstream. Instead, in this situation, video decoder 300 is configured to
mfer the value of the LIC flag to be O {e.g.. LIC is not apphied). For example, when the
reference piciure of a uni-predicted block 1s smaller or larger than the current picture,
the LIC tlag 15 not signaled; when none of the reference pictures of a bi-predicted block
15 the sare size as the current picture, the LIC flag s not signaled. In general, video
decoder 300 may be configured to infer a value of an LIC flag based on RPR being used
for a reference picture of a current block.

[8144] In another exaraple, 0 the case of bi-prediction, video encoder 200 and video
decoder 300 are configured t not apply LIC 1o an mter block when at least one of the

reference pictures used in the bi-prediction has a picture size that is different from the
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current picture. Again, a CU-level LIC flag is not signaled, and instead the video
decoder infers the value of the LIC fag 1o be 0 {e.g., meaning LIC is uot apphied).
[0145] In another example, a slice-level LIC flag may not be signaled and is inferred to
have a value of 0 when none of the reference pictures in either reference picture list is
the same picture size as the current picture.

[3146] The examples listed below extend the above examples related 1o the interaction
of LIC and RPR mode to WP mode. The exaroples below are referred to as WP
restrictions on LIC.

[8147] In one example, when the coding mode of an inter-prediction block 18 AMVP or
merge mode {e.g., either regular AMVP/merge or affine AMVP/merge mode), LIC s
not applied to the inter prediction hvpothesis when WP is applied to the corresponding
reference picture. In addition, in the case of bi-prediction, LIC mav be applied to the a
inter prediction hypothesis when WP is not applied to the reference pichure
corresponding to the relerence piciure list corresponding to the inter prediciion
hypothesis.

[8148] In (regalar or affine) AMVP modes, when WP 15 applied to all the reference
pictures of a inter prediction block, the block-level {or CU-level)y LIC Hagis not
signaled i bitstreain and s inferred as O at video decoder 300. For example, when WP
is applied to the reference picture of a uni-predicted block, the LIC flag is not signaled;
when WP is applied to both reference pichres of a bi-predicted block, the LIC flag s
not signaled.

[6149] In another example, in the case of bi-prediction, video encoder 200 and video
decoder 300 do not apply LIC for an inter block when WP is applied to at least one of
the reference pictures. The corresponding CU-level LIC flag is not signaled and 15
inferred as 0.

[6158] In another example, a slice-level LIC flag may not be signaled and 1s inferred as
0 when WP 1s applied 1o all the reference pictures of both reference picture lists,

[8181] The exampies listed below describe RPR restrictions on template matching (TM)
prediction to determine whether TM can be applied or not based on the respective
picture sizes of the current picture and the reference picture(s).
[8152] In one example, when the coding mode of an inter-prediction block 15 AMVP
made {e.g.. either regular AMVP or affine AMVP mode), video encoder 200 and video
decoder 300 can bypass TM (e z., disable or not apply TM} and none of the MV

predictors for the current bloek are refined using TM when the corresponding reference
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picture is smaller or larger than the current picture {e.g., when RPR is enabled) T™
being bypassed means that the AMVP candidate index cannot be deternuned by T™M and
MVs and MV predictors of the current block are no longer relined. When TM 15
bypassed, an AMVP index may be signaled in the biistream by video encoder 200 and
parsed by video decoder 300 to indicate which of the MV predictor in AMVP candidate
list 15 used.

[8153] To a further example, i the case of hi-prediction, it 15 possible that TM 1s
applied only to a MV predictor corresponding to one reference picture and bypassed for
the other MV predicior depending on the reference picture size relative 1o the current
picture size. For example, when the reference picture of a uni-predicted block 15 sroaller
or larger than the current picture, TM 15 bypassed and the AMVP index is signaled.
When none of the reference pictures of a bi-predicted block has the same pictore size as
the current preture, TM is bypassed for the MV prediciors of both reference pictures and
respective AMVYP indices are signaled. When ondy one of the reference pictures of a bi-
prediction biock is the same picture size as the current picture (while the other reference
picture i3 not), only the MV predicior associaled with the reference picture that is the
same 517¢ as the current prcture 18 refined by T™M (and thus its AMVP index s
determined by TM and AMVP mdex need not be signaled), while TM is bypassed for
the other MV predictor associated with the reference picture that 1s not the same size as
the current prchure, and 1ts AMVP index 1s signaled.

{3154 To avother example, 10 the case of bi-prediction, video encoder 200 and video
decoder 300 are configured to not apply TM to an mier block {both regular and affine
AMVP modes) when at teast one of the reference pictures has a picture size that is
different from the current pichure.

[0155] In another example, when TM 15 bypassed due to the reference picture size being
different then the size of the current picture, video decoder 300 may be configuwred to
mfer the value of the AMVP index {o be 0 Video encoder 200 would not signal the
AMYVP index 1o this situation.

[8156] In another example, when the coding mode of an inter-prediction block is merge
mode {e.g., either regular merge or affine merge mode), video encoder 200 and video
decoder 300 roay be configured to bypass TM and none of the motion vectors of the
current block are refined when the corresponding reference picture is smaller or larger
than the current picture. In addition, in the case of bi-prediction, it is possible that TM

is applied only to a MV corresponding to one reference picture and bypassed for the
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other MV, all depending on the reference picture size relative to the current picture size.
For example, when the reference picture of a uni-predicted block 1s smaller or larger
than the current picture, TM is bypassed. When none of the reference pictures of' a bi-
predicted block 15 at the same piciure size as the current picture, TM 1s bypassed for the
motion vectors of both reference pictures. When only one of the reference pictures of a
bi-prediction block 15 at the same picture size as the current picture (while the other
reference picture 18 not), only the motion vector associated with the reference picture is
refined by T™M, while TM is bypassed for the other motion vector.

[B157] In another example, in the case of bi-prediction, video encoder 200 and video
decoder 300 do not apply T™M for an inder block for both regular and affine merge
modes when at least one of the reference pictures is at a picture size that is different
from the current picture.

[0158] Tn another example, a motion vector of a geometric (GEQ) partiion may not be
refined by TM when its corresponding reference picture size 1s different from the
current picture size.

[8159] In another example, merge mode with motion vector difference (MMVD)
candudates are not sorted based on TM cost when a reference picture size s different
from the current pictwre. Instead, a default order {e.g., from smaller MV D to large
MVD) s assigned for all MMV candidates.

81648 Tn another example, video encoder and video decoder 300 may be configured to
disable TM completely at the slice level when none of the reference pictures 1n both
reference picture hists s at the same picture size as the current picture. Accordingly, a
C-level TM flag for merge modes is not signaled and 1s inferred to be 0 (e g, TM
mode not applied).

[0163] The examples listed below extend the above examples to TM.  The extensions
are referred hereafter to as WP restrictions on TM.

[8162] In one example, when the coding mode of an inter-prediction block 1s AMVYP
mode (e.g, suther regular AMVE or affine AMVP mode), T™ can be bypassed and
none of the current-block MV predictors is refined when WP 1s apphied to the
corresponding reference pichwe. In particular when TM is bvpassed (which umplies that
the AMVP candidate index cannot be determined by TM and MVs and MV predictors
of the current block are no longer refined), the AMVP mdex is signaled m the bitstream
at video encoder 200 and parsed by video decoder 300 to indicate which MV predictor

m AMVP candidate list 1s used,
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[6163] In another example of bi-prediction, it is possible that TM is applied onlv to a
MV predictor corresponding 10 one reference picture and bypassed for the other MV
predictor, depending on whether WP 1s applied to the reference picture. For example,
when WP 1s applied to the reference picture of a uni-predicted block, T™ 15 bypassed
and the AMVP index 1s signaled. When none of the reference pictures of a bi-predicted
block have WP applied, TM 1s bypassed for the MV predictors of both reference
pictures and the respective AMVP indices are signaled. When ouly one of the reference
pictures of a bi-prediction block has WP applied (while the other reference picture does
not have WP applied), only the MV predictor associated to the reference picture where
WP is not applied 15 refined by TM (aod thus 1ts AMVP index is deterouned by TM and
AMVP index need not be signaled), while TM is bvpassed for the other MV predictor
where WP s applied to the reference picture and its AMVP index is signaled.

[0164] In another example, in the case of bi-prediction, video encoder 200 and video
decoder 300 do not apply TM {o an inter block (both regular and affine} AMVP roodes
when WP s applied to at least one of the reference pictures.

[8165] In another example, when TM i3 bypassed due to WP being applied to the
reference picture, the AMVP mdex can be inferred as 0 at video decoder 300 and need
not be signaled by video encoder 200,

[8166] When the coding mode of an inter-prediction block is merge mode (g.g., either
regular merge or affine merge mode), TM can be bypassed and none of the motion
vectors of the current block are relined wheo WP 15 applied to the corresponding
reference picture. In addition, in the case of bi-prediction, it 1s possible that TM is
apphed onlv 1o 3 motion vector corresponding to one reference picture and bypassed for
the other motion vecior, depending on whether WP is applied to the reference pictures.
For example, when the reference picture of a uni-predicted block has WP applied, TM 15
bypassed. When none of the reference pictures of a bi-predicted block has WP applied,
TM is bypassed for the motion vectors of both reference pichires. When only one of the
reference pictures of a bi-prediction block does not has WP applied (while WP 15
applied to the other reference picture). only the motion vector associated to the
reference picture 18 refined by TM, while TM 1s bypassed {or the other MV.

[8167] In another example, a MV of GEO partitions may not be refined by TM™M when its

corresponding reference picture has WP apphiad.
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[6168] In another example, the MMV D candidates are not sorted based on T™M cost
when a reference picture has WP apphed. Instead, a defauli order (e.g., from smaller
MVD to large MY D) 15 used for all MMV D candidates.

[0169] In another example. TM can be disabled completely at the slice level when all
reference pictures in both reference picture lists have WP applied. Accordingly, a CU-
level TM flag for merge modes need not be signaled and 15 mtferred 1o have a value of ©
{e.g.. TM1s bypassed and not applied).

{0179] Section 2 - Candidate List Consiruction of Merce Modes

[8171] Restrictions, as disclosed in Section 1, can be avoided for merge modes with
template-based wnter prediction if the merge candidate list of a ruerge mode (e g, regular
merge mode, affine merge mode, TM merge mode, GEO merge mode, MMVD mode}
does not contain any candidate that has scaled reference picture size(s) {e.g.. scaled by
RPR} and/or weighi-predicted reference pichwe(s). In the other words, a merge
candidaie may be pruned out before being inserted indo ruerge candidate hist, if such
candidate would trigger restrictions as disclosed in Section 1.

[8172] In one example, video encoder 200 and video decoder 300 may be configured to
apply a pruning process o a merge candidate hist {e g, erther regular merge, TM merge,
or affine merge) based on a size of a reference picture associated with a particular
merge candidate. For example, video encoder 200 and video decoder 300 may be
configured o prune (e.g., remove} a motion vector candidate from the merge candidate
fist that 15 associated with at least one reference picture that has a different size than the
current picture.

[8173] In this example, video encoder 200 and video decoder 300 may be configured to
construct a merge candidate list for a block of the video data. The mergs candidate list
may be for any inder prediction mode, including regular merge mode, TM merge mode.,
and affine merge mode. Video encoder 200 and video decoder 300 may prune the
merge candidate list to create a pruned merge candidate list. In this contest, pruning the
merge candidate st includes removing merge candidates that have at least one
reference picture that is a different size than a current picture of the video data. Video
encoder 200 and video decoder 300 may then code the block of the video data using the
pruned merge candidate list.

[8174] In another example, video encoder 200 and video decoder 300 may be

configured to apply a pruning method to the merge candidate list {e.g., either regular
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merge, TM merge or affine merge} to prune out a motion vector candidate with all
reference pichures that are at 3 pieture size different from the current picture,

[8175] In another example, when a merge candidaie 1s bi-predicted with only one
reference picture that 1s at a picture size different from the current picture {(and the other
reference picture at the same size as the current pictre), video encoder 200 and video
decoder 300 may be configured to degenerate the bi-predicted candidate to be a uni-
predicted candidate by removing the motion vector that 1s associated with the unequal
sized reference picture relative to the current picture.

[8176] In another exarnple, video encoder 200 and video decoder 300 may be
configured o apply a pruning roethod to the merge candidate list {e.g , etther regular
merge, TM merge or affine merge) to prune out a motion vector candidate with at [east
one reference picture to which WP is applied.

81771 Tn another example, video encoder 200 and video decoder 300 may be
configured to apply a pruning method {o the merge candidate list (e g.. either regular
merge, TM merge or alffine meree) (o prune out a motion vector candidate with all
reference prctures to which WP has been applied,

8178] In another exaraple. when a reerge candidate 1s bi-predicted with only one
reference picture to which WP has been applied (and the other reference picture does
not have WP applied), video encoder 200 and video decoder 300 may be configured to
degenerate the bi-predicted candidate to be a unt-predicted candidate by removing the
motion vector that 15 associated with the reference picture to which WP was applied.
(61791 In another example, if all the candidates in the merge candidate list are prunad,
then the merge candidate construction process starts over again and the aforementioned
praning process 15 not apphied. When any one of such merge candidates 1s used, then
the respective restrictions ag disclosed in Section 1 are applied.

[6188] In another example, the resulting candidate list generated with the above
changes applied to regular merge list construchion process can be directly used for other
merge modes, such as GEG and MMVD, {o generate GEO candidate motion and
MMVD candidate motion.

[8181] Alternatively, some example video technigoes may keep the merge candidate list
construction process of merge modes (e.g., regular roerge) unchanged. However, video
encoder 200 may be configured to not choose candidates from the merge candidate list
assoctated with references pictures of different size than the current picture and/or with

reference pictures {o which WP has been apphied.
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{61821 In an example, when performing the GEO candidate list construction process,
video encoder 200 and video decoder 300 may skip sampling the motion vector
candidates that are pointing to relerence pictures with a larger or smaller size than the
current picture. For example, when the candidate 1s coded with uni-predicted motion
pointing to a scaled reference picture size, then this candidate is skipped. In another
example, when the candidate 1s coded with bi-predicted motion, there are three different
cases to be considered. (1) I both motion vectors of the candidate are pointing 1o scaled
reference pictures, then this candidate 1s skipped. (2) If only one motion vector of the
candidate 1s pointing 1o a scaled reference picture, then the other motion vector of the
candidate 1s mnseried mto GEQ candidate hist. (3} I both motion vectors of the candidate
are associated with unscaled reference pictures, then the same parity-based selection as
in the VVC Test Model {VTM} is applied.

[0183] Tn another example, for the MMVYD base candidate ist (e.g., the first P or 2
candidaies of regular merge candidate list), video encoder 200 and video decoder 300
may skip sampling the motion vecior candidates that are pointing to reference pictures
with a larger or smaller size than the current prcture. For example, when the candidate
15 coded with uni-predicted motion pointing 1o a scaled reference picture size, then this
candidate 15 skipped. In another example, when the candidate is coded with bi-
predicted motion, there are three different cases to be considered. {1} H both motion
vectors of the candidate are associated with scaled reference pictures, then ths
candidate 1s skapped. (2} If only one motion vector of the candidate 15 associated with a
scaled reference picture, then thus candidate 1s degenerated to a uni-pradicted candidate
by removing the motion vector associated with scaled reference prcture, (33 If both
maotion vectors of the candidate are associated with unscaled reference pictures, then
this candidate can be directly used for MMV D without change. In another example, the
MMV process may mclude checking more candidaies bevond the first {1 and 2
candidates of the regular werge candidate hist, when at least one of the {irst 2
candidates i the regular merge candidate hist 15 fully pruned.

[6184] In another example, for the GEO candidate list construction process, video
encoder 200 and video decoder 300 may skip sampling the motion vector candidates
that are pointing to reference pictures to which WP has been applied. For example,
when the candidate 1s coded with uni-predicted motion pointing to a reference picture
with WP applied, then this candidate is skipped. In another example, when the

candidate is coded with bi-predicted motion, there are three different cases to be
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considered. (1} If both motion vectors of the candidate are pointing to reference pictures
with WP apphed, then this candidate 15 skipped. (23 If only one motion vector of the
candidate is pointing 1o a reference picture with WP applied, then the other molion
vector of the candidate is inserted into GHO candidate ist. (3) If None of motion vectors
of the candidate 1s pointing to reference pictures with WP applied, then the same parity-
based selection as VTM 13 applied.

[0185] To avother example, for an MMVD base candidate ist (e.g., the fust L or 2
candidates of regular merge candidate list), video encoder 200 and video decoder 300
may may skip sarpling the motion vector candidates that are pointing to reference
pictures with WP applied. For example, when the candidaie 18 coded with uni-predicted
motion pointing to a reference picture with WP applied, then this candidate is skipped.
In another example, when the candidate is coded with bi-predicted motion, there are
three different cases to be considered. {1} I both motion veciors of the candidate are
pointing to seference pictures with WP applied, then this candidate is skipped. (23 I
only one motion vector of the candidate 1S pointing to a reference picture with WP
applied, then this candidate is degenerated to a uni~-predicted candidate by removing the
motion vector to which WP 1s applied. (3) If both motion vectors of the candidate are
pointing to reference pictures without WP applied, then this candidate can be directly
used for MMVD without change. In another example, the MMVD process may include

ge candidate

<

checking more candidates beyond the first 1 and 2 candidate of regular mer
fist, when at least one of the first 2 candidates 1 the regular merge candidate list s fully
pruned.

[0186] Section 2 Faception Handling of Template-based Inter Prediction

{8187] Different from Section 1, video encoder 200 and video decoder 300 are
configured to neither disable nor bypass template-based inter prediction technigues no
matter whether the aforementioned restrictions are trigeered or not. In the other words,
video encoder 200 and video decoder 300 are configured to perform terplate-based
oter prediction techniques and code syntax elements and/or sort candidates whenever
necessary.

[B188] In an example, when the current picture size s different from the reference
picture size, video encoder 200 and video decoder 300 still perform motion
compensation on the reference template block using the respective inderpolation filter of
RPR. Accordingly, the reference template block size matches the current template

block and thus the template-based inter prediction techmques still can be performed.
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[0189] Tn another example, when WP 15 applied to the reference picture of an inter
block, video encoder 200 and video decoder 300 may still perform motion
compensation on the reference template block with WP parameters, and then the
template-based mier prediction techniques still can be performed.

[0190] Alternatively in another example, video encoder 200 and video decoder 300 do
not use WP parameters when the reference template block 1s motion compensated.
(0193 FIG 7 15 a block diagram iilustrating an example video encoder 200 that may
perform the techruques of this disclosure. FIG. 7 1s provided for purposes of
explanation and should not be considered limiting of the techniques as broadly
exemplified and described 10 this disclosure. For purposes of explanation, this
disclosure describes video encoder 200 according to the technigues of VVC (ITU-T
H.266, under development), and HEVC ITU-T H.265). However, the techniques of
this disclosure may be performed by video encoding devices that are configured to other
video coding standards and video coding formats, such as AV and successors 1o the
AVT video coding format.

[8192] In the example of FIG. 7, video encoder 200 includes video data memory 230,
made selection umit 202, residual generation unit 204, transform processing unit 206,
quantization unt 208, nverse quantization unit 210, inverse transform processing wut
212, reconstruction unit 214, filter unit 216, decoded picture buffer {DPB) 218, and
entropy encoding unit 220. Any or all of video data wemory 230, mode selection unit
202, residual generation wrut 204, transform processing unit 206, quantization unit 208,
mverse quantization unit 210, inverse transform processing unit 212, reconstruction wut
214, filter unit 216, DPB 218, and entropy encoding unit 220 may be implemented in
One OF IOre ProCessors or 1n processing circuitry. For instance, the units of video
encoder 200 may be implemented as one or more circuits or logic elements as part of
hardware circuiry, or as part of a processor, ASIC, or FPGA. Moreover, vides encoder
200 may mclude additional or alternative processors or processing circuitry to perform
these and other functions.

[6193] 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 m video
data merory 230 from, for example, video source 104 (FIG. 1), DPB 218 may actas a
reference picture memory that stores reference video data for use m 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 devices, such as dynamic random access
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memory {DRAM), including synchronous DRAM (§DRAM), magnetoresistive RAM
{(MRAM]}, resistive RAM (RRAM], or other types of memory devices. Video data
memory 230 and DPB 218 may be provided by the same memory device or separate
memory devices. In varicus examples, video data memory 230 may be on-chip with
other components of video encoder 200, as ilustrated, or off-chip relative to those
componsnts,

(9194 Io this disclosure, reference to video data roemory 230 should not be mterpreted
as being himited to memory internal to video encoder 200, unless specifically described
as such, or memory external o video encoder 200, unless specifically deseribed as such
Rather, reference (o video data memory 230 should be understood as reference memory
that stores videc data that video encoder 200 recaives for encoding {e.g.. video data for
a current block that is to be encoded}. Memory 106 of FIG. 1 mav also provide
temporary storage of outputs from the various units of video encoder 200,

[0195] The vanous units of FIG. 7 are lustrated 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
cirouits refer o curcutts that provide particular functionality, and are preset on the
operations that can be performed. Programmable circuwits refer to circuits that can be
programmed to perform various tasks, and provide flexible functionality in the
operations that can be performed. For instance, programmable circuits may execute
software or firmware that cause the prograromable citcuits to operate 1 the manoer
defined by mstructions of the software or firmware. Fixed-function circuits may
execuie software instructions (e.g., 10 recetve parameters or outpul parameters), but the
types of operations that the fixed-function cireutts perforro are generally immutable. In
some examples, one or more of the units may be distinct circuit blocks (fixed-function
or programmable}, and in some examples, one or more of the units may be integrated
ccuis,

18196 Video encoder 200 may include anthmetic logic untts (ALLUs), elementary
function wuts (EFUs}, digital circuits, analog circuits, and/or programmable cores,
formed from programiable circuits. In exaruples where the operations of video
encoder 200 are perforrued using software executed by the programmable circuits,
memory 106 (FIG 1) may store the mstructions {(e.g , object code) of the software that
video encoder 201 receives and executes, or another memory within video encoder 200

{not shown} may store such instructions.
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181971 Video data memory 230 1s configured 1o store received video data. Video
encoder 200 may retnieve a pichure of the video data from video dats memory 230 and
provide the video data to residual generation umit 204 and mode selection unit 202,
Video data in video data memory 230 may be raw video data that is to be encoded.
[0198] Mode selection unit 202 includes a motion estimation unit 222, 2 motion
compensation unit 224, and an intra~prediction unit 226, Mode selection urit 202 may
mclude additional functional nruts to perform video prediction i accordance with other
prediction modes. As examples, mode selection wut 202 may include a palette unit, an
wntra~block copy unit (which may be part of motion estivnation unit 222 and/or motion
compensation unit 224}, an affine vrut, a hivear model (LM} unit, or the like,

[0199] Mode selection unit 202 generally coordinates multiple encoding passes o test
combinations of encoding parameters and resulting rate-distortion values for such
combinations. The encoding parameters may include partitoning of CTUs into Cls,
prediction modes for the CUs, transform types for restdual data of the CUs, quantization
parameters for residual data of the ClUs, and so on. Mode selection unit 202 may
wtimately select the combination of encoding parameters having rate-distortion values
that are better than the other tested combimations.

[0200] Video encoder 200 may partition a picture retrieved from video data memory
230 mnto a series of UTUs, and encapsulate one or more CTUs within a shice. Mode
selection unit 202 may partition a CTU of the picture in accordance with a tree
siructure, 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 partitioming a CTU according to the free struchwe, Such a CU may also
be referred to generally as a “video block™ or “block.”

[0201] In general, mode selection unit 202 also controls the components thereof (2.2,
motion estimation unit 222, motion compensation vt 224, and mtra-prediction unit
2263 to generate a prediction block for a current block {e.g., a current CU, or n HEVC,
the overlapping poriton of a PU and a TU). For miter-prediction of a current block,
motion estimation wut 222 may perform a motion search to identify one or more closely
matching reference blocks 1n one or more reference pictures {e.g., one or more
previously coded pictures stored in DPB 218). In particular, motion estimation unit 222
may calculate a value representative of how stmilar a potential reference block is to the
current block, e g., according to sum of absolute difference (SAD, sum of squared

differences {S5D), mean absohite difference (MAD), mean squared differences (MSD),
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or the like. Motion estimation unit 222 may generally perform these calculations using
sample-by-saruple differences between the current block and the reference block being
considered. Motion estimation unit 222 may wentify a reference block having a lowest
value resulting from these caleulations, indicating a reference block that most closely
matches the current block.

[6202] Motion estimation unit 222 may form one or more motion vectors {MVas) that
detines the positions of the reference blocks 1o the reference pictures relative to the
posttion of the current block n a current picture. Motion estimation unit 222 may then
provide the motion vectors 1o motion corpensation unit 224, For example, for an-
directional mter-prediction, motion estimnation unit 222 may provide a smgle motion
vector, whereas for bi-directional irder-prediction, motion estimation urit 222 may
provide two motion vectors. Motion compensation unit 224 may then generate a
prediction block using the motion vectors. For example, motion compensation wmi 224
may reineve data of the reference block using the motion vector. As another example,
if the motion vector has fractional sample precision, motion compensation wunit 224 may
mnterpolate values for the prediction block according to one or more mterpolation filters.
Moreover, for bi-directional inter-prediction, motion compensation umt 224 mav
retrieve data for two reference blocks identified by respective motion vectors and
combine the retrieved data, e g, through sample-by-sample averaging or weighted
averaging.

[0203] Motion estimation unit 222 and motion compensation unit 224 may be
configured to perform one or more template-based inter prediction techniques, such as
LIC and TM nter prediction, as described above. Motion estimation unit 222 and
motion compensation untt 224 may be configured to perform any of the techniques
above that define who templaie-based inter prediction technigues are used together with
RPR and/or WP

[3204] When operating according to the AV video coding format, motion estimation
uriit 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 wder-indra prediction.

[0205] As another example, for intra-prediction, or inira-prediction codmg, mira-
prediction unit 226 may generate the prediction block from samples neighborning the

current block., For example, for directional modes, intra-prediction unit 226 may
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generally mathematically combine values of neighboring samples and populate these
calculated values in the defined direction across the current block 1o produce the
prediction block. As another example, for DC mode, intra-prediction unit 226 may
calculate an average of the neighboring samples to the current block and generate the
prediction block to include this resulting average for each sample of the prediction
bloek.

[092606] When operating according to the AV video codimg format, mira-prediction unt
226 may be configured to encode coding blocks of video data (e g, both luma and
chroma coding blocks) using directional intra prediction, non~directional intra
prediction, recursive filter iutra prediction, chroma-~from-luma (CFL) prediction, intra
black copy (IBC), and/or color paletie mode. Mode selection unit 202 may include
additional functional units to perform video prediction in accordance with other
prediction modes.

(02071 Mode selection unit 202 provides the prediction block 1o residual generation uout
204, Residual generation umit 204 recetves a raw, unencoded version of the current
block from video data memory 230 and the prediction block from mode selection anit
202. Resudual generation wrut 204 calculates sample-by-sample differences between the
current block and the prediction block. The resulting sample-bv-sample ditferences
define a residual block for the current block. In some examples, residual generation unit
204 may also determine differences between sample values m the residual block to
generate a residual block using residual differential pulse code modutation (RDPCM).
in some examples, residual generation unit 204 may be formed using one or more
subtractor circuits that perform binary subtraction.

18208 In examples where mode selection umt 202 partitions CUs irto PUs, each PU
may be assoctated with a luma prediction umit and corresponding chroma prediction
wmits. 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 tuma coding bock of
the CU and the size of a PU may refer o the size of a luma prediction unit of the PU
Assuring that the size of a particular CU 15 2Nx2N, video encoder 200 may support PU
sizes of ZNs2N or NxN for mitra predichion, and symimetric PU sizes of ZNX2N, ZNxN,
N¥2N, NxN, or stoular for inter prediction. Video encoder 200 and video decoder 300
may also support asymmetric partitioning for PU sizes of 2Nxnl, 2NxnD, nlx2N, and

aRx2ZN for inter prediction.
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(82091 Tn examples where mode selection umit 202 does not further partition a CU mito
PUs, each CU may be associated with a luma coding bloek and corresponding chroma
coding blocks. As above, the size of a CU may refer o the size of the hurna coding
black of the CU. The video encoder 200 and video decoder 300 mav support CU sizes
of ZNx2N, ZNxN, or Nx2ZN,

[32140] For other video coding technigues such as an ntra-block copy mode coding, an
affine-mode coding, and hnear model {LM) mode coding, as some examples, mode
selection unit 202, via respective units associated with the coding techruques, generates
a prediction bloek for the current block being encoded. In some examples, such as
palette mode coding, mode selection urut 202 may not generate a prediction block, and
nstead generate syntax elements that indicate the manner i which fo reconstruct the
block based on a selected palette. In such modes, mode selection unit 202 may provide
these svutax elements to entropy encoding unit 220 10 be encoded.

[02131] As described above, residual generation wut 204 recetves the video data for the
current block and the corresponding prediction block. Residual generation unit 204
then generates a residual block for the current block. To generate the residual block,
residual generation umit 204 calculates sample-by-saraple differences between the
prediction block and the current block.

[0212] Transform processing unit 206 applies one or more transforms to the residual
block to generaie a block of transform coeflicients {referred 1o herein as a “transform
coefficient block™). Transform processing unit 206 may apply varous transforms to a
residual block to form the transform coefficient block. For example, transform
processing unit 206 may apply a discrete cosine transform (BCT), a directional
transform, a Karhuneo-Loeve transforra (KL'T), or a conceptually sumalar transfornto a
residual block. In some examples, transform processing unit 206 may perform muktiple
transforms to a residual block, e 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.

[8213] When operating according to AV, transform processing unit 206 may apply one
or more franstorms {o the residoal block to generate a block of transform coefficients
(referred to heremn as a “transform coefficient block™). Transform processing unit 206
may apply various transforms to a residual block to form the transform coefficient
block. For example, transform processing umt 206 may apply a horizontal/vertical

fransform combination that may include a discrete cosine transform (DCT), an
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asymmetric discrete sine transformo (ADST), a flipped ADST (e.g.. an ADST inreverse
orders, and an wdentity transform (IDTX). When using an wdentity transform, the
transform 1s skipped in one of the vertical or horizonial directions. In some examples,
transform processing may be skipped.

[6214] Quantization unit 208 mav quantize the transform coefficients i a transform
coefficient block, to produce a quantized transform coefficient block. Quantization unit
208 may quantize transform coefficients of a transform coetficient block according to a
guantization parameter (QP) value associated with the current block. Video encoder
200 (g.g., via wode selection umi 202} may adjust the degree of quantization apphed to
the transform coetlicient blocks associated with the current block by adjusting the QP
value associated with the CU. Quantization may mtroduce loss of information, and
thus, quantized transform coefficients may have lower precision than the original
transform coefficients produced by transform processing v 206,

[0218] Inverse quantization urit 210 and mverse transform processing wnit 212 may
apply inverse guantization and mverse transforms to a quantized fransform coefficient
block, respectively, to reconstruct a residual block from the transform coefficient block.
Reconstruction unit 214 may produce a reconstructed block corresponding to the current
black (albeit potentially with some degree of distortion) based on the reconstructed
residual block and a prediction block generated bv mode selection unit 202, For
example, reconstruction wut 214 may add samples of the reconstrucied residual block to
corresponding samples from the prediction block generated by mode selection unit 202
to produce the reconstructed block.

[8216] Filter unit 216 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 216 may perform deblocking operations to reduce
blockiness artifacts along edges of CUs. Operations of filter unit 216 may be skipped,
in some examples.

[0217] When operating according to AVE, filter unit 216 woay perform one or more
filter operations on reconstructed blocks. For exarople, filter unit 216 may perform
deblocking operations to reduce blockiness artifacts along edges of CUs. In other
examples, filter unit 216 may apply a constrained directional enhancement filter

(CDEF), which may be applied after deblocking

Pyl

and may include the application of
non-separable, non-linear, low-pass directional filters based on estimated edge

directions. Filter unit 216 may also include a loop restoration filter, which 1s applied
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after CDEF, and may include a separable symmetric normalized Wiener filter or a dual
self-gmded filter,

[0218] Video encoder 200 stores reconsiructed blocks in DPB 218, For instance, 1n
examples 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 umit 222 and motion compensation urut 224 may reineve a
reference pictwre from DPB 218, formed from the reconstructed {and potentially
filtered} blocks, to mter-predict blocks of subsequently encoded pictares. In addition,
wntra~prediction unit 226 may use reconstructed blocks m DPB 218 of a current picture
to intra~-predict other blocks in the current picture.

[0219] In general, entropy encoding unit 220 mav entropy encode syntax elements
recetved from other functional components of video encoder 200, For example, entropy
encoding umit 220 roay entropy encode quantized transform coefficient blocks from
quaniization unit 208, As another example, entropy encoding unit 220 may entropy
encode prediction syntax elements {e.g., motion nformation for inter-prediction or
ntra-mode miormation for intra~-prediction) from mode selection urut 202, Entropy
encoding unit 220 may perform one or more entropy encoding operations on the syntax
elements, which are another example of video data, to generate entropy-encoded data.
For example, enfropy encoding umi 220 may perform a context-adaptive variable length
coding ({CAVLC) operation, a CABAC operation, a vanable-to-variable (V2V} length
coding operation, a syntax-based context-adaptive binary artthmetic coding (SBAC)
operation, a Probability Interval Partitioning Entropy (PIPE) coding operation, an
Exponential-Golomb encoding operation, or ancther tvpe of entropy encoding operation
on the data. In some examples, entropy encoding unit 220 may operate in bypass mode
where syntax elements are not eniropy encoded.

(62287 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, enfropy
encoding unit 220 may output the bitstream.

[6221] In accordance with AV 1, eniropy encoding unit 220 may be configured as a
symbol-to~symbol adaptive multi-symbol arithmetic coder. A syniax element 1o AV
mcludes an alphabet of N elements, and a context (e g, probability model) includes a
set of N probabilities. Entropy encoding unit 220 may store the probabilities as n-bit

{e.g., 15-bit) cumulative distnibution functions (CDFs). Entropy encoding wmit 22 mway
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perform recursive scaling, with an update factor based on the alphabet size, to update
the contexts,

[0222] The operations described above are described with respect to a block. Such
description should be understood as being operations for a luma coding block and/or
chroma coding Bocks. As described above, in some examples, the fuma coding block
and chroma coding blocks are uma and chroma cornponents of a CUL In some
examples, the luma coding block and the chroma coding blocks are luma and chroma
components of a PU.

[8223] In some examples, operations performed with respect to a lama coding block
need not be repeated for the chrora coding hlocks. As one example, operations to
identify 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 luma coding block may be scaled to determine the MV for the chroma
blocks, and the reference picture may be the same. As another example, the mtia-
prediction process may be the same for the luma coding block and the chroma coding
blocks.

18224] Video encoder 200 represents an exaraple of a device configured to encode
video data including a memory configured fo store video data, and one or more
processing wmits implemented in circuitry and configured to perform the reference
picture resampling and template based inter prediction technigues of this disclosure.
For exaraple, video encoder 200 may be configured to determine that an RPR roode i3
enabled, determine not to apply a template-based mter prediction technique to the video
data basad on the RPR mode being enabled, and encode the video data using inter
prediction withowt applying the tenplate-based 1nter predichion technigue.

[0225] FIG. 815 a block diagram ihlustrating an example video decoder 300 that may
perform the technmiques of this disclosure. FIG. 8 is provided for purposes of
explanation and is not hinuting on the technigues as broadly exemplified and described
1o ths disclosure. For purposes of explanation, this disclosure describes video decoder
300 according to the technigques of VVC (ITU-T H 266, under development)}, and
HEVC JTU-T H.263). However, the techniques of this disclosure may be performed
by video coding devices that are configured to other video coding standards.

[0226] In the example of FIG 8, video decoder 300 inchudes coded picture butfer
{CPB} memory 320, entropy decoding wnit 302, prediction processing unit 304, inverse

quaniization unit 306, inverse transform processing unit 308, reconstruction umit 310,
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filter unit 312, and decoded picture buffer (DPR) 314 Any or all of CPB memory 320,
entropy decoding umit 302, predichion processing unit 304, wnverse quantization unit
306, imverse fransform processing unit 308, reconsiruction unit 310, fiter unit 312, and
DPB 314 may be implemented in one oOr more progessors of in processing circuitry. For
mstance, the wnits of video decoder 300 may be implemented as one or more circutts or
logic elements as part of hardware circoitry, or as part of a processor, ASIC, or FPGA.
Muoreover, video decoder 300 muay include additional or altemative processors or
processing circuitry to perform these and other functions.

[8227] Prediction processing unit 304 mclodes motion compensation unit 316 and intra-
prediction unti 318, Prediction processing wt 304 may include additional units 1o
perform prediction in accordance with other prediction modes. As examples, prediction
processing unit 304 may include a palette unit, an imtra-block copy unit (which may
form part of motion compensation unit 316}, an affive unit, a linear model (LM) umit, or
the like. In other examples, video decoder 300 may include more, fewer, or different
functional components.

[6228] Motion compensation unit 316 may be configured 1o perform onsg or more
template-based wnter prediction techmiques, such as LIC and TM 1oter prediction, as
described above. Maotion compensation unit 316 may be configured to perform any of
the techniques above that define who template-based inter prediction techniques are
used together with RPR and/or WP,

(92291 When operating according to AV, compensation urit 316 roay 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 mter-intra prediction, as described above. Inira-predichion unit 318 may be
configured to decode coding blocks of video data (e.g.. both luma and chroma coding
blocks) using directional intra prediction, non-directional intra prediction, recursive
filter intra prediction, CFL, mnira block copy (IBC), and/or color paletie mode, as
described above.

16238] 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 roay be oblained, for example, from computer-readable medium 110 (FI1G.
1y, CPB memory 320 may include a CPB that stores encoded video data {e.g., syntax
elements} from an encoded video bitstream.  Also, CPB memory 320 may store video

data other than syntax elements of a coded picture, such as temporary data representing
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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 bitstrearn. CPB memory 320
and DPB 314 may be formed by any of a variety of memory devices, such as DRAM,
mcluding SDRAM, MRAM, RRAM, or gther types of memory devices. CPB memory
320 and DPB 314 may be provided by the same memory device or Separale 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.

[6231] Additionally or alternatively, 1n some examples, video decoder 300 may reineve
coded video data from meroory 120 (FIG. 1), That 15, roemory 120 may store data as
discussed above with CPB memory 320, Likewise, memory 120 may store instructions
10 be exacuted by video decoder 300, when some or alf of the functionality of video
decoder 300 is implemented in software to be executed by processing circmiry of video
decoder 300.

{0232} The various wnts shown in FIG. 8 are illustrated to assist with understanding the
operations performed by video decoder 300. The units may be implemented as fixed-
function circuits, progranuoable circuits, or a combination thereof. Syudar to FIG. 7,
fixed-function circuits refer to circutts that provide particular functionality, and are
preset on the operations that can be performed. Programmable circuits refer to circuits
that can be programmed to perform various tasks, and provide flexible fanctionality in
the operations that can be perforroed. For mstance, programmable circutts may execute
software or firmware that cause the programmable circuits to operate m the manner
defined by instructions of the software or firmware,  Fixed-{function circuits may
execuie software mnstructions {e.g., 10 receive parameters or output parameters), but the
types of operations that the fixed-function circuits perform are generally immutable. In
some examples, one or more of the umis may be distinet arcuit blocks (fixed-function
or programmable), and in some examples, one or more of the units may be integraied
CHCus,

[8233] Video decoder 300 may include ALUs. EFUs, digital circuts, analog circuits,
and/or programmable cores formed from programymable circuits. In examples where the
operations of video decoder 300 are performed by software executing ou the
prograiomable circwts, on~chip or off-chip mermory may store instructions {2.g.. object

code) of the software that video decoder 300 receives and exacutes.
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{82341 Entropy decoding unit 302 may receive encoded video data from the CPB and
entropy decode the video data 1o reproduce svntax elements. Prediction processing unit
304, inverse quaniization unit 306, inverse transtorm processing unit 308,
reconsiruction unit 310, and filter unit 312 may generate decoded video data based on
the syntax elements extracted from the bitstream.
[0235] Tn general, video decoder 300 reconstructs a picture on a block-by-block basis.
Video decoder 300 may perform a reconstruction operation on each block odividually
{where the block currently being reconstructed, 1.e, decoded, may be referred to as a
“current block™}.
18236] Entropy decoding unit 302 may entropy decode syntax elements defirang
quantized transform coefficients of a quantized transform coefficient block, as well as
transform imformation, such as a quantization parameter {QP) and/or transform mode
mdication{s). Inverse quantization unit 306 may use the QP associated with the
guaniized transform coefficient block to determine a degree of quantization and,
likewise, a degree of inverse quantization for inverse quantization unit 306 to apply.
Inverse quantization unit 306 may, for example, perform a bitwise left-shuft operation (o
mverse quantize the quantized transform coefficients. Inverse quantization untt 306
may thereby form a transform coetficient block including transform coefficients.
[8237] After inverse quantization unit 306 forms the transform coefficient block,
inverse transform processing unit 308 may apply one or more mverse transforms (o the
fransform coetficient block to generate a residual block associated with the current
block. For example, mverse transform processing unit 308 may apply an inverse DCT,
an inverse infeger transform, an inverse Karhumen-Loeve transform (KLT), an inverse
rotational transfomm, an inverse directional {ransform, or ancther inverse transfomm o
the transform coetficient block.
[6238] Furthermore, prediction processing unti 304 generaies a prediction block
according to prediction information syntax elements that were entropy decoded by
entropy decoding unit 302, For exanple, if the prediction information syntax elements
indicate that the current block 1s mter-predicted, motion compensation unit 316 may
generate the prediction block. In this case, the prediction wnformation syntax clements
may indicate a reference picture i DPB 314 from which o retrieve a reference block,
as well as a motion vector identifying a location of the reference block 1n 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
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that is substantially similar to that described with respect to motion compensation unit
224 (FIG. 7).

[0239] As another example, if the prediction mformation synlax elemenis indicate that
the current block s infra-predicted, intra-prediction unit 318 may generate the
prediction block according 10 an intra-prediction mode indicated by the prediction
mformation syntax elements. Agam, intra-prediction umi 318 may generally perform
the ntra-prediction process in a roanner that is substantially similar to that descrbed
with respect to mtra-prediction unit 226 (FIG. 7). Intra-prediction wt 318 may retrieve
data of neighboring samples to the current block from DPB 314

[0240] Reconstruction unit 310 may reconstruct the current block using the prediction
black and the residual block. For example, reconstruction unit 310 may add samples of
the residual block to corresponding samples of the prediction block to reconstruct the
current block.,

102431 Frlter unit 312 may perform one or more filter operations on reconsirucied
Bocks. For example, filter unit 312 mayv perform deblocking operations (o reduce
blockiness artitacts along edges of the reconstructed blocks. Operations of filier unit
312 are not necessanily performed 1o all examples.

[0242] Video decoder 300 may store the reconstructed blocks in DPB 314, For
nstance, in examples where operations of filter unit 312 are not performed,
reconstruction unit 310 may store reconstructed blocks to DPB 314, In examples where
aperations of filter wut 312 are performed, filter urut 312 may store the filiered
reconstructed blocks to DPB 314, As discussed above, DPB 314 may provide reference
informatton, such as samples of a current preture for intra-prediction and previously
decoded pictures for subsequent motion compensation, 1o predichon processing unit
304, Moreover, video decoder 300 may output decoded pictures {e.g.. decoded video}
from DPB 314 for subsequent presentation on a displav device, such as display device
HIBof FIG T

(62431 To this manner, video decoder 300 represents an exarople of a video decoding
device including a memory configured to store video data, and one or more processing
units taplemented in circuifry and configured to perform the reference picture
resampling and template based inier prediction techruques of this disclosure. For
example, video decoder 300 may be configured to determine that an RPR mode is

enabled, determine not to apply a template-based inter prediction technique to the video
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data based on the RPR mode being enabled, and decode the video data using inter
prediction without applying the template-based inter prediction technique,

[0244] F1G. 9 1z a Howchart illustrating an example method for encoding a current
black in 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 73, 1t should be understood that other devices may be configured to performa
method similar to that of FIG. 9.

[6245] In this example, video encoder 200 mitially predicts the current block {350} For
example, video encoder 200 may form a prediction block for the carrent block. Video
encoder 200 may then calculate a residual block for the current block (352}, To
calculate the residual block, video encoder 200 may calculate a difference between the
original, unencoded block and the prediction block for the current block. Video encoder
200 may then transform the residual block and quantize transform coefficients of the
residual block (354}, Next, video encoder 200 may scan the quantized transform
coetficients of the residual block (356}, During the scan, or following the scan, video
encoder 200 may entropy encode the transform coefficients (358). For example, video
encoder 200 may encode the transform coefficients using CAVLC or CABAC. Video
encoder 200 may then output the entropy encoded data of the block {360},

[8246] FIG. 10 13 a flowchart illustrating an example method for decoding a current
block of video data n accordance with the techmques of this disclosure. The current
hlock mav comprise a current CU. Although described with respect 1o video decoder
300 (FIGS. 1 and 8}, 1t should be understood that other devices may be configured to
perform a method similar to that of FIG. 10,

18247] Video decoder 300 may receive entropy encoded data for the cusrent block, such
as entropy encoded prediction information and entropy encoded data for transform
coefficients of a residual block corresponding to the current block {370}, Video decoder
300 may enfropy decode the entropy encoded data to determing prediction information
for the current block and to reproduce transform coefficients of the residual block {372}
Video decoder 300 may predict the current block (374}, e 2., using an intra- or inter-
prediction mode as indicated by the prediction information for the current block, io
calculate a prediction block for the current block. Video decoder 300 may then mverse
scan the reproduced transform cosfficients (376), to create a block of quantized
transform coefficients. Video decoder 300 may then inverse quantize the transform

coefficients and apply an inverse transform to the transform coefficients to produce a
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residual block (378). Video decoder 300 may ultimately decode the current block by
combining the prediction block and the residual block (380).

[0248] FI1G. 11 15 a flowchart iflusirating another example method for video datan
accordance with the techniques of this disclosure. The techniques of FIG. 11 may be
performed by one or more structural components of video encoder 204, including
motion estimation ot 222 and/or motion compensation unit 224,

{9249 To one example of the disclosure, video encoder 200 ruay be configured to
deterrmne that a reference picture resampling (RPR} mode is enabled (1100). In one
example, video encoder 200 may be configured to determine that the RPR mode 15
enabled based on a reference picture for the video data being a different size than a
current picture of the video data. In another example. video encoder 200 is configured
to code the video data using bi-prediction. In this example, the RPR mode is enabled
based on at least one reference picture of multiple reference pictures being a different
size than g current picture of the video data.

[0259] Video encoder 200 may further be configured to determine not fo apply a
template-based inter prediction technigque fo the video data based on the RPR mode
being evabled (1102} i one example, the teruplate-based mter prediction techiuque 1s
local lununation compensation (LIC). In another example, the template-based wnter
prediction technigue is template matching (TM} prediction. The inter prediction may be
one of regular merge mode, regular advanced motion vector prediction (AMVP) mode,
atfine merge mode, or afline AMVP mode.

[6251] Video encoder 200 may further be configured to encode the video data using
inter prediction without applving the template-based inter prediction technique (1104),
For example, video encoder 200 roay not apply LIC 1o an inter prediction hypothesis of
the video data.

[6252] FI1G. 12 15 a flowchart llustrating another example method for decoding video
data im accordance with the techniques of this disclosure. The techniques of FIG. 12
may be performed by one or more structural components of video decoder 300,
including motion compensation umt 316

[82353] In one example of the disclosure, video decoder 300 may be configured to
determune that a reference picture resampling (RPR) ruode 1s enabled (1200} o one
example, video decoder 300 may be configured to determine that the RPR mode 1s
enabled based on a reference picture for the video data being a different size than a

current picture of the video data. Tn another example, video decoder 300 is configured
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1o code the video data using bi-prediction. In this example, the RPR mode is enabled
based on at least one reference pichure of mudtiple reference pictures being a different
size than a current picture of the video data.

[0254] Video decoder 300 may further be configured to determune not to apply a
template-based inter prediction technique to the video data based on the RPR mode
being enabled {1202}, In one example, the template-based inter prediction technique is
local llurmnation compensation (LIC). In another example, the template-based ioter
prediction techrique is femplate matching (TM) pradiction. The inter prediction may be
one of regular rerge mode, regular advanced motion vector prediction (AMVP) mode,
affine merge roode, or affine AMVP roode.

[0255] Video decoder 300 may further be configured to decode the video data using
inter prediction without applying the template-based inter prediction technique (1204).
For example, video decoder 300 may not apply LIC 10 an inter prediction hypothesis of
the video data.

{0256 In another example, video decoder 300 may be configured to infer a value of a
local umination compensation (LIC) flag based on RPR being used for a reference
picture of a current block.

[0257] In another example, when the inder prediction 1s a merge mode, video decoder
300 may be configured to construct a merge candidate list for a block of the video data,
prune the merge candidate list to create a pruned merge candidate hist, wherein pruning
the merge candidate ist includes removing merge candidates that have at least one
reference picture that is a different size than a current picture of the video data, and
decode the block of the video data using the pruned merge candidate list,

18258 In another exaraple. when the inter prediciion 15 4 merge mode, video decoder
300 may be configured to construct a merge candidaie list for a block of the video data,
prune the merge candidate fist to create a pnuned merge candidate ist, wherein pruning
the merge candidate list includes removing merge candidates that have all reference
pictures that are a different size than a current picture of the video data, and decode the
block of the video data using the pruned merge candidate list.

[6259] Other Bustrative aspects of the disclosure are described below.

10260] Aspect 1A - A method of coding video data, the method conprising:
deternuning whether or not to apply a local tlumination compensation (LIC) mode to

the video data based on whether or not reference picture resampling (RPR) mode s
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enabled; and coding the video data using the LIC mode and/or the RPR mode based on
the determining.

[0261] Aspect 2A - A method of coding video data, the method conprising:
determining whether or not to apply a local tlunmination compensation (LIC} mode to
the video data based on whether or not weighted prediction (WP) mode is enabled; and
coding the video data using the LIC mode and/or the WP mode based on the
determining

8262 Aspect 3A - A method of coding video data, the method comprising:
deternuning whether or not to apply a template matching (TM) mode to the video data
based on whether or not reference picture resampling (RPR) mode 1s enabled; and
coding the video data using the T™M mode and/or the RPR mode based on the
determining.

[0263] Aspect 4A - A method of coding video data, the method comprising:
determining whether or not to apply a templaie raaiching (TM) mode to the video data
based on whether or not weighted prediction {WP) mode is enabled; and coding the
video data using the TM mode and/or the WP mods based on the determining,

10264] Aspect SA - A method of any combination of Aspects FA-4A.

[0265] Aspect 6A - The method of any of clatios 1A-5A, wherein coding comprises
decoding.

[0266] Aspect 7A - The method of any of Aspects 1A-5A) wherein coding comprises
encoding,

182671 Aspect 8A - A device for codimg video data, the device comprising one or more
means for performing the method of anv of Aspects 1A-TA

18268] Aspect 9A - The device of Aspects 8A, wherein the one or more rogans
comprise one o1 more processors implemented m circuitry,

[6269] Aspect 10A - The device of anv of Aspects 8A and %A {urther comprnising a
memory 1o store the video data.

102761 Aspect 11A - The device of any of Aspects 8A-104A, further coroprising a
display configured to display decoded video data.

[8271] Aspect 12A - The device of any of Aspects 8A-11A, wherein the device
comprises one or more of a camera, a computer, a mobile device, a broadceast receiver
device, or a set-top box.

[0272] Aspect 13A - The device of any of Aspects 8A-12A, wherein the device

comprises a video decoder.
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(82731 Aspact 14A - The device of any of Aspects 8A-13A, wherein the device
comprises a video encoder,

[0274] Aspect 15A - A computer-readable storage medium having stored thereon
mstructions that, when executed, cause one or more processors 10 perform the method
of any of Aspects 1A-7A

[0275] Aspect 1B - A method of decoding video data, the method comprising:
determining that a reference picture resampling (RPR) mode 15 enabled; deternyning not
to apply a ternplate-based nter prediction techmque to the video data based on the RPR
mode being enabled; and decoding the video data using iter prediction withowt
applving the template-based inter prediction techoigue.

[0276] Aspect 2B - The method of Aspect 1B, wherein the template-based inter
prediction technigue is local illununation compensation (LIC).

02771 Aspect 3B - The wethod of Aspect 2B, wherein decoding the video data withowt
applying the teruplate-based wnier prediction iechnique comprises: not applyving LIC (o
an inter prediction hypothesis of the video data.

[8278] Aspect 4B - The method of Aspect 1B, wheretn RPR mode 15 enabled based on a
reference picture for the video data being a different size than a current picture of the
video data.

[8279] Aspect 5B - The method of Aspect 1B, wherein the inter prediction 13 one of

ee mode, regutar advanced motion vecior prediction (AMVP) mode, affine

<

regular mer
merge mode, or affine AMVP mode.

[0280] Aspect 6B - The method of Aspect 5B, further comprnising: inferring a value of a
local Hurmnation compensation (LIC) flag based on RPR being used for a reference
picture of a current block,

[0281] Aspect 7B - The method of Aspect 5B, wherein the inter prediction is a merge
mode, the method further comprising: constructing a merge candidate list for a block of
the video data; proving the merge candidate hist {o create a pruned merge candidate list,
wherein pruning the merge candidate list includes removing werge candidates that have
at least one reference picture that 1s a different size than a current picture of the video
data; and decoding the block of the video data using the pruned merge candidate hst.
[0282] Aspect 8B ~ The method of Aspect 5B, wherein the inter prediction 1s a merge
made, the method further comprising: constructing a merge candidate list for a block of
the video data; pruning the merge candidate list to create a pruned merge candidate list,

wherein pruning the merge candidate list includes removing merge candidates that have
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ali reference pictures that are a different size than a current picture of the video data;
and decoding the block of the video data using the proned merge candidate hst

[0283] Aspect 9B ~ The method of Aspect 1B, wheretn the inter-prediction is bi-
prediction. and wherein the RPR mode 15 enabled based on at least one reference picture
of multiple reference pictures baing a different size than a current picture of the video
data.

[0284] Aspect 10B - The method of Aspect 1B, wheremn the template-based 1ter
prediction technique 1s template matching (TM) prediction.

[8285] Agpect 11B - The method of Aspect 1B, further comprising: displaving a picture
of the video data.

[0286] Aspect 12B - An apparatus configurad to decode video data, the apparatus
comprising: a memorv configurad to store the video data; and one or more processors
mmplemented i ciremitry and in communication with the memory, the one or more
processors configured to: determine that a reference picture resarophng (RPR) mode 15
enabled; determime not to apply a template-based inter prediction technique o the video
data based on the RPR mode being enabled: and decode the video dala using inter
prediction without applying the tenplate-based 1nter predichion technique.

[0287] Aspect 13B - The apparatus of Aspect 128, wherein the template-based inter
prediction technigue 1s local illununation compensation {(LIC).

[0288] Aspect 148 - The apparatus of Aspect 138, wherein to decode the video data
without applying the template-based inter prediction technique, the one or more
processors are further configured to: not apply LIC to an mter prediction hypothesis of
the video data

18289] Aspect 15B - The apparatus of Aspect 12B. wherein RPR mode 15 enabled based
on a reference picture for the video data being a different size than a current picture of
the video data.

[0294] Aspect 16B - The apparatus of Aspect 12B, wherein the mter prediction is one
of regular merge mode, regular advanced motion vector prediction (AMVE) mode,
affine merge mode, or affine AMVP mode.

[8291] Aspect 178 - The apparatus of Aspect 168, wherein the one or more processors
are further configured to: infer a value of a local ilumunation compensation (LIC) flag
based on RPR being used for a reference picture of a current block.

[0292] Aspect 18B - The apparatus of Aspect 16B, wherein the inter prediction s a

merge mode, and wherein the one or more processors are further configured (o
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construct a merge candidate hist for a block of the video data; prune the merge candidate
fist to create a pruned merge candidate list, wherein pruning the merge candidate list
ncludes removing merge candidates that have at least one reference picture that is a
different size than a current picture of the video data; and decode the black of the video
data using the pruned merge candidate list.

[0293] Aspect 198 - The apparatus of Aspect 168, wherein the inter predictionis a
merge mode, and wherein the one or more processors are further configured to
construct a merge candidate hist for a block of the video data; prune the merge candidate
fist to create a pruned merge candidate list, wheremn pruning the merge candidate list
wncludes removing merge candidates that have all reference pictures that are a different
size than a current picture of the video data; and decode the block of the video data
using the pruned merge candidate hist

[0294] Aspeci 208 - The apparatus of Aspect 128, wherein the inter-prediction 1s bi-
prediction, and wherein the RPR mode 1s enabled based on at least one reference picture
of multiple reference pictures being a different size than a current picture of the video
data.

[0295] Aspect 218 - The apparatus of Aspect 128, wherein the template-based inter
prediction technigue is template matching (TM} prediction.

[8296] Aspect 228 - The apparatus of Aspect 128, further comprising: a display
configared to display a picture of the video data.

92971 Aspect 238 - A roethod of encoding video data, the method coraprising:
determining that a reference picture resampling (RPR) mode is enabled; determining not
to apply a template-based inter prediction technique 1o the video data based on the RPR
made being enabled; and encoding the video data using wier prediction without
applying the template-based inter prediction technigue.

[0298] Aspect 24B - An apparatus configured to encode video data, the apparatus
comprising: a memory configured to store the video data; and one or more processors
mplemented in circmtry and in communication with the memory, the one or more
processors configured to: determine that a reference picture resampling (RPR) mode 13
enabled; determing not to apply a template-based inter prediction techmque {o the video
data based on the RPR mode being enabled; and encode the video dats using ider
prediction without applying the template-based inter prediction technique.

[0299] Aspect 25B - A method of decoding video data, the method comprising:

deterrmining that a reference picture resampling (RPR} mode is enabled: and applving a
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template-based inter pradiction technique to the video data based on the RPR mode
being enabled.

[0300] Aspect 268 - The method of Aspect 23B, wherein applving the template-based
mier prediction technique to the video data based on the RPR mode being enabled
comprises: applying an interpolation filter 10 a reference template block of the template-
based infer prediction fechnigue, wherein the mterpolation filter 15 the same as used for
the RFR mode.

(8301 Aspect 278 - The method of Aspect 25B, wherein the template-based mter
prediction technique 1s femplate matching (TM) pradiction.

10302] Aspect 288 - An apparatus configured to decode video data, the apparatus
comprising: a memorv configurad fo store the video data; and one or more processors
implemented in cireuitry and in communication with the memory, the one or more
processors configured to: defermine that a reference picture resampling (RPR) mode is
enabled; and apply a tfemplate-based inter prediction technigue to the video data based
o the RPR mode being enabled.

[0303] Aspect 298 - The apparatus of Aspect 28B, wherein to apply the template-based
wnter prediction techruque o the video data based ou the RPR mode being enabled, the
one or more processors are further configured to: apply an interpolation filter to a
reference template block of the template-based inter prediction technigue, wherein the
interpolation filter is the same as used for the RPR mode.

{9304 Aspect 308 - The apparatus of Aspect 288, wherein the teroplate-based inter
prediction techmique 1s template matching (TM) prediction.

[8305] Aspect 1C - A method of decoding video data, the method comprising:
determuning that a reference piciure resampling (RPR) roode 15 enabled; determining not
o apply a template-based inter prediction technigue o the video data based on the RPR
mode betng enabled; and decoding the video data using inter prediction without
applying the teraplate-based nter prediction technigue.

[8306] Aspect 2C - The method of Aspect 1C, wherein the template-based nter
prediction techmique s local illumination compensation (LIC).

[8307] Aspect 3C ~ The method of Aspect 20, wherein decoding the video data without
applving the template-based inter prediction technique comprises: not applying LIC to

an inter prediction hypothesis of the video data.
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[8308] Aspect 4C - The method of any of Aspects 1C-3C, wherein RFR mode is
enabled based on a reference pichure for the video data being a different size than a
current picture of the video data.

[0309] Aspect SC - The method of any of Aspects 1C-4C, wherein the inter prediction
is one of regular merge mode, regular advanced motion vector prediction {AMVP)
mode, atfine merge mode, or affing AMVP mode.

[9318] Aspect 6C - The metbod of Aspect SC, further coroprising: mflernong a value of a
local llumination compensation (LIC) flag based on RPR being used for a reference
picture of a current block.

[8311] Aspect 7C ~ The method of Aspect 3C, wherein the inter prediction 1s a merge
made, the method further comprising: constructing a merge candidate list for a block of
the video data; pruning the merge candidate list to create a pruned merge candidate hist,
wherein pruning the werge candidate hst includes removing merge candidates that have
at least one reference picture that is a different size than a current prcture of the video
data; and decoding the block of the vides data using the pruned merge candidate list.
[8312] Aspect 8C - The method of Aspect 5C, wheretn the inter prediction 15 3 merge
made, the method further comprising: coustructing a reerge candidate list for a block of
the video data; pruning the merge candidate list to create a pruned merge candidate list,
wherein pruning the merge candidate list includes removing merge candidates that have
all reference pictures that are a different size than a current picture of the video data;
and decoding the block of the video daia using the pruned merge candidate st

[8313] Aspect 9C - The method of any of Aspects 1C-8C, wherein the imter-prediction
is bi-prediction, and wherein the RPR mode is enabled based on at least one reference
picture of multiple reference pictures being a different size than a current picture of the
video data.

[6314] Aspect 10C - The method of any of Aspects 1{-9C, wherein the template-based
mter prediction technique 1s template matching (TM) prediction,

[8318] Aspect 11C - The method of any of Aspects 1C~-10C, further comprnising;
displaying a picture of the video data.

[8316] Aspect 12C ~ An apparatus configured 1o decode video data, the apparatus
comprising: a memory configured to store the video data; and one or more processors
implemented i circuitry and in communication with the memory, the one or more
processors configured to: determine that a reference picture resampling (RPR) mode is

enabled; deternune not to apply a template-based mter prediction technigue to the video
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prediction without applying the template-based inter prediction technique,

[0317] Aspect 13C - The apparatus of Aspect 12C, wherein the templaie-based inter
prediction technique 1s local illununation compensation {L1C).

[0318] Aspect 14C - The apparatus of Aspect 13C, wherein to decode the video data
without applying the template-based inter predicthion technique, the one or more
processors are further configured to: not apply LIC to an witer prediction hypothesis of
the video data.

[8319] Aspect 15C - The apparatus of any of Aspects 12C-14C, wherein RPR mode is
enabled based on a reference picture for the video data being a different size than a
current picture of the video data.

[0328] Aspect 16T - The apparatus of any of Aspects 12C-15C, wherein the inter
prediction iz one of regular merge mode, regular advanced motion vecior prediction
{AMVP) mode, affine merge mode, or affine AMVP mode.

18321} Aspect 17C - The apparatus of Aspect 16T, wherein the one or more processors
are further configured to: infer a value of a local tumunation compensation (LIC) flag
based on RFR being used for a reference picture of a current block.

[0322] Aspect 18C - The apparatus of Aspect 16C, wherein the nter predictionis a
merge mode, and wherein the one or more processors are further configured to:
construct a merge candidate hist for a block of the video data; prone the merge candidaie
fist to create a pruned merge candidate hist, wherein pruming the merge candidate list
includes removing merge candidates that have at least one reference picture thatis a
different size than a current picture of the video data, and decode the block of the video
data using the pruned merge candidate list.

[0323] Aspect 19C - The apparatus of Aspect 16C, wherein the inter predictionis a
merge mode, and wherein the one or more processors are further configured {0
construct a merge candidate hist for a block of the video data; prone the merge candidate
hist to create a pruned merge candidate hist, wheren pruning the merge candidate hst
includes removing merge candidates that have all reference pictures that are a different
size than a current picture of the video data; and decode the block of the video data
using the pruned merge candidate hist

[0324] Aspect 20C - The apparatus of any of Aspects 12(-19C, wherein the inter-

prediction is bi-prediction, and wherein the RPR mode is enabled based on at least one
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reference picture of multiple reference pictures being a different size than a current
picture of the video daia.

[0328] Aspect 21C ~ The apparatus of any of Aspects 12C-20C, wherein the template-
based inter prediciion technique 15 template matching {TM) prediction.

[0326] Aspect 22C - The apparatus of any of Aspects 12C-21C, further comprising: a
display configured to display a picture of the video data.

103271 Tt s to be recognized that depending on the exaraple, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or left out altogether {e g., not all described acts or events are necessary
tor the practice of the techniques). Moreover, m certan exaroples, acts or events may
be performed concurrently, e g, through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

[0328] In one or more examples, the functions described may be implemented
hardware, software, fitmware, or any combination thereol If imoplemented m software,
the functions may be stored on or transmitted over as one or more insiructions or code
on a computer-readable medium and executed by a hardware-based processimg unit,
Computer-readsble media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or conunumnication media
meluding any medium that facilitates transfer of a computer program from one place to
another, e.g., according to a comynunication protocol. In this manner, computer-
readable media generally may correspond to (1) fangible computer-readable siorage
media which is non-transtory or {2} a communication medium such as a signal or
carrier wave, Data storage media may be any avatlable media that can be accessed by
OnE OF INOre COMNPUIETS OF 0N OF MOTE PIocessors 10 refrieve mstructions, code and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may include a computer-readable medium,

[0329] By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desived program code i the form of instructions or data stractures
and that can be accessed by a computer. Also, any connection s properly termed a
computer-readable medium. For example, if mstructions are transnutted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted

pair, digital subscriber line (DSL), or wireless technologies such as mfrared, radio, and
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microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included 1 the defimtion of
medium. It should be understood, however, that computer-readable storage roedia and
data storage media do not include connections, carrier waves, signals, or other fransitory
media, but are instead directed to non-transttory, tangible storage media. Disk and disc,
as used herein, mcludes compact dise (CD), laser disc, optical disc, digital versatile disc
{(DVD), Hoppy 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 compter-readable media.

[8330] Instructions may be executed by one or more processors, such as one or more
DSPs, general purpose microprocessors, ASICs, FPGAs, or other equivalent integrated
or discrete logic circuitry. Accordingly, the terms “processor” and “processing
cirewiry,” as used herein may refer to any of the foregoing structures or any other
siructure suitable for implementation of the technigues described herein, In addition, n
some aspects, the functionality described herein may be provided within dedicated
hardware and/or software modudes configured for encoding and decoding, or
wncorporated n a combined codec. Also, the techmqgues could be fully implersented 1n
one or more circuits or logic elements.

[8331] The techniques of this disclosure may be tmplemented in a wide vanety of
devices or apparatuses, including a wireless handset, an mtegrated cireuit (IC) or a set of
{Cs {e.g., a chip set). Varous componenis, modules, or unifs are described 1o this
disclosure to emphasize functional aspects of devices configured to perforn: the
disclosed technigues, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined 1 a codec hardware
unit o1 provided by a coliection of interoperative hardware units, inchuding one or more
processors as described above, in conjunction with suitable software and/or firmware.
[8332] Varnious examples have been described. These and other examples are within

the scope of the following dams.
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WHAT IS5 CLAIMED I5:

i, A maethod of decoding video data. the method comprising:
determiming that a reference picture resampling (RPR) mode is enabled;
determining not to apply a template-based mter prediction technique to the video
data based on the RPR mode being enabled; and
decoding the video data using inder prediction without applying the template-

based nter prediction technigue.

2 The method of claim 1, wherein the teroplate-based mter prediction technique is

local illununation compensation {LI1C).

3. The method of claim 2, wherein decoding the video data withowt applying the
template-based mier predichion technique comprises:

not applying LIC 1o an mier prediction hypothesis of the video data.

4, The method of claim 1, wherein RPR mode 1s enabled based on a reference

picture for the video data being a different size than a current picture of the video data.

S. The method of claim 1, wherein the inter prediction 1s one of regular merge
mode, regular advanced motion vector prediction (AMVP) mode, alfine merge mode, or

affine AMVP mode.

6. The method of claim 3, further comprising;
infernng a value of a local llumination compensation (LIC} flag based on RPR

being used for a reference picture of a current block.

7. The method of claim 5, wherein the inter prediction 18 a merge mode, the
method further comprising:

constructing a merge candidate list for a block of the video data;

prurung the merge candidate list to create a pruned mwerge candidaie list, wherein
pruning the merge candidate list includes removing merge candidates that have at least
one reference picture that 1s a different size than a current picture of the video data; and

decoding the block of the video data using the pruned merge candidate list.
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g. The method of claim 5, wherein the inter prediction is a merge mode, the
method further comprising:

constructing a merge candidaie list for a block of the video data;

pruning the merge candidate list to create a pruned merge candidate list, wherein
pruning the merge candidate list includes removing merge candidates that have all
reference pictures that are a different size than a current picture of the video data; and

decoding the block of the video data using the pruned merge candidate list.

9. The method of claim 1, wherein the mier-prediction s bi-prediction, and
wherein the RPR mode 15 enabled based on at least one reference picture of nultiple

reference pictures being a different size than a current picture of the video data.

10, The method of claim 1, wherein the template-based inter prediciion technigue is

template maiching (TM) prediction.

It The method of claim 1, further comprising:

displaying a picture of the video data.

12, An apparatus configured {0 decode video data, the apparatus comprising:
anemory configured to store the video data; and
one or more processors implemented 1o circwitry and m commurucation with the
memory, the one or more processors configured to:
determine that a reference picture resampling (RPR) mode 18 enabled;
deteroune not to apply a template-based wter prediction technique 1o the
video data based on the RPR mode being enabled; and
decode the video data using inter prediction without applying the

template-based inter prediction technigue.

13, The apparatus of claim 12, wherein the template-based inter prediction

technique s local ilomination compensation (LIC}.
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14, The apparatus of claim 13, wherein to decode the video data without applying
the template-based iter predichion technique, the one or more processors are further
configured {0

not apply LIC to an inter prediction hypothesis of the video data.

1S, The apparatus of claim 12, whereim RPR mode is enabled based on a reference

picture for the video data being a different size than a current picture of the video data.

16, The apparatas of claim 12, wherein the inter prediction 1s one of regular merge
made, regular advanced motion vector prediction (AMVP) mode, affine merge mode, or

affine AMYP mode.

17, The apparatus of claim 16, wherein the one or more processors are further
configured to;
mfer a value of a local illumination compensation (LIC) flag based on RPR

being used for a reference picture of a current block.

I8, The apparatus of claim 16, wherein the wnter prediction is a merge mode, and
wherein the one or more processors are further configured to:

construct a merge candidate list for a bloek of the video data;

prune the merge candidate list to create a pruned merge candidate list, wherern
pruning the merge candidate list includes removing merge candidates that have at least
one reference picture that 19 a different size than a current picture of the video data; and

decode the block of the video data using the pruned merge candidate hist

19, The apparatos of claim 16, wherein the inter prediction 13 a merge mode, and
wherein the one or more processors are further configured tor

construct a merge candidate st for a block of the video data;

prune the merge candidate list to create a pruned merge candidate list, wherein
pruning the merge candidate list includes rernoving merge candidates that have all
reference pictures that are a different size than a current picture of the video data; and

decode the block of the video data using the pruned merge candidate list.
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20, The apparatus of claim 12, wherein the inter-prediction is bi-prediction, and

wherein the RPR mode 15 enabled based on at least one reference piciure of multiple

reference pictures being a different size than a current picture of the video data.

21, The apparatus of ¢laim 12, wherein the template-based inter prediction

technique 13 template matching (TM) prediction.

22, The apparatus of claim 12, further comprising:

a display configured to display a pictare of the video data,

[
(a3

A method of encoding video data. the method comprising:

determining that a reference picture resampling (RPR) mode is enabled;
determimng not to apply a template-based inter prediction technique 1o the video
data based on the RPR mode baing enabled; and

encoding the video data using infer prediction withowt applying the template-

based imter prediclion technigue.

24 An apparatus configured to encode video data, the apparafis comprising’
a memory configured to store the video data; and
one of more processors implemented in cirawitry and im communication with the
memory, the one or more processors configured to:
determine that a reference picture resampling (RPR} mode is enabled;
determine not to apply a template-based inter prediciion techmique {0 the
video data based on the RPR mode being enabled; and
encode the video data using inter prediction without applying the

template-based inter prediction technigue.

25 A methed of decoding video data, the method comprising:
deternuning that a reference picture resampling (RPR) mode is enabled; and
applying a template-based inter prediction technique to the video data based on

the RPR mode being enabled.

26, The method of claim 25, wherein applying the template-based inter prediction

technique to the video data based on the RPR mode being enabled comprises:
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applving an mterpolation filter 1o a reference template block of the template-
based inter prediction techmaque, wherein the wierpolation filter 15 the same as used for

the RPR mode.

27, The mathod of claim 25, wherem the template-based inter prediction technique

is template maiching {TM) prediction.

24, An apparatus configured to decode video data, the apparatus comprising:
a memory configured to store the video data; and
one or more processors iroplemented n circuitty and 1 communication with the
memory, the one or more processors configured to:
determuine that a reference picture resampling {RPR) mode 1s enabled;
and
apply a template-based mier prediction technigue to the video data based

on the RPR mode being enabled.

29 The apparatus of clarm 28, wherein to apply the template-based ter prediction
technique to the video data based on the RPR mode being enabled, the one or more
processors are further configured to:

apply an materpolation filter to a reference template block of the templaie-based
oter prediction technique, wheremn the interpolation filter is the same as used for the

RPR mode.

30, The apparatus of claim 28, wherein the template-based inter prediction

technique 1s template matching (TM) prediction.
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