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(57) Abstract: A method for video encoding, a method for video decoding, and apparatuses thereof are provided. RPR prediction
samples may be determined for a video block from a video frame of a video based on one or more reference frames and motion
information associated with the video block. At least one of the one or more reference frames has a resolution different from a resolution
of the video frame. The RPR prediction samples may be filtered based on a template-based adaptive filter to generate filtered RPR
prediction samples for the video block. A predictive block including the filtered RPR prediction samples may be determined for the
video block.
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TEMPLATE-BASED COBING METHUODS, APPARATUSES, ARND STORAGE
MEBIUMS FOR REFERENCE PICTURE RESAMPLING

CROSS-REFERENCE TO RELATED APPLICATION
[6C01] This application 18 based upon and ¢laims priority t¢ U.S. Provisional Application

No. 63/524,335 filed June 30, 2023, the content of which is incorporated herein by reference

1 its entirety,
TECHNICAL FIELD

6002} This application is related to video coding and compression. More specifically, this
application relates to video processing apparatuses and methods for video coding based on

reference picture resampling (RPR).

BACKGROUND

[6003) Digital video is supported by a vanety of electronic devices, such as digital
televisions, laptop or deskiop computers, tablet computers, digital cameras, digital recording
devices, digital roedia plavers, vidgo gaming consoles, smart phones, video teleconferencing
devices, video sireaming devices, etc. The electronic devices transmit and receive or otherwise
communicate digital video data across a communication network, and/or store the digital video
data on a storage device. Due to a limited bandwidth capacity of the communication network
and linuted memory resources of the storage device, video coding may be used to compress
the video data according to one or more video coding standards before 1t 15 communicated or
siored. For example. video coding standards include Versatile Video Coding (VVC), Joint
Exploration test Model (JEM), High-Efficiency Video Coding (HEVU/H.265), Advanced
Video Coding {AVC/H 2643, Moving Picture Expert Group (MPEG) coding, or the like. Video
coding generally utilizes prediction methods {e.g , inter-prediction, intra-prediction. or the like)
that take advantage of redundancy inherent in the video data. Video coding aims to compress
video data into a form that uses a lower bit rate, while avoiding or minimizing degradations 1o

video guality.

SUMMARY
6004] Implementations of the present disclosure provide a method for video decoding.
The method may include determining, by a decoder, RPR prediction samples for a video block

from a video frame of a video based on one or more reference frames and motion wformation
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associated with the video block. At feast one of the one or more reference frames has a
resolution different from aresolution of the video frame. The method may also include {iltening,
hy the decoder, the RPR prediction samples based on a template-based adaptive filter to
generate filtered RPR prediction samples for the video block., The method may further include
determining, by the decoder, a predictive block including the filiered RPR prediction samples
for the video block.

[G005] fmplementations of the present diselosure provide a method for video encoding.
The method may include determining, by an encoder, RPR prediction samples for a video block
from a video frame of a video based on one or more reference frames and motion information
associated with the video block. At least one of the one or more reference frames has a
resoiution different from aresolution of the video frame. The method may also include filtering,
by the encoder, the RPR pradiciion samples based on a template-based adaptive filter 1o
generate filtered RPR prediction samples for the video block. The method may further include
determining, by the encoder, a predictive block including the filtered RPR prediction samples
for the video block.

LG Implementations of the present disclosure aleo provide an apparatus for video
decoding. The apparaius may nclude a memory configured to siore a bitstream and a processor
coupled to the memory. The processor may be configured to perform a method for video
decoding disclosed herein to decode the bitsiream.

[B007] Iraplementations of the present discloswre also provide an apparatus for video
encoding. The apparatus may nclude a memory configured to store a bitstream and a processor
coupled 10 the memory. The processor may be configured to perform a method for videe
encoding disclosed herein to generaie the bilsiream.

[6608] Implemeniations of the present disclosure also provide a non-transitory computer-
readable storage medium having stored therein a bitstream, where the bitstream 1s decoded by
a method for video decoding disclosed herein.

LHEU Implementations of the present disclosure also provide a non-transitory computer-
readable storage medium having siored therein a bitstream, where the bilstream is generated
by a method for video encoding disclosed herein.

[6016] It is 1o be understood that both the foregoing general description and the following

detatled descriphion are examples only and are not restricuve of the present disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS
661 1} The accompanving drawings, which are incorporated in and constitute a part of this
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specification, tllusirate examples consistent with the present disclosure and, together with the
description, serve to explain the principles of the disclosure.

6612 FIG 1 15 a block diagram llusirating an exemplary system for encoding and
decoding video blocks in accordance with some iroplementations of the present disclosure.
[B013] FIG. 2 is a block diagram illustrating an exemplary video encoder in accordance
with some implementations of the present disclosure.

[6G14] FIG 3 1s a block diagram dlustrating an exemplary video decoder in accordance
with some implementations of the present disclosure.

{6615} FIGS. 4A-4E are block diagrams illustrating how a frame 1s recursively partitioned
mto muitiple video blocks of different sizes and shapes 1 accordance with some
implementations of the present disclosure.

3016} Fi(G 5 illusiraies positions of spatial neighbors for 2 merge mode in accordance
with some implementations of the present disclosure.

[B317] FIG. 6 llustrates candidate pairs for redundancy check in accordance with some
implementations of the present disclosure.

{66318} FIG. 7A illustrates a temporal motion vector predictor {TMVP) derivation process
m accordance with some implementations of the present disclosure,

6019] FIG. 7B illustrates a diagram of candidate positions for a temporal candidate in
accordance with some tmplementations of the present disclosure,

[B028] FIG. 8 illustrates example temiplate-based coding schemes in accordance with some
implementations of the present disclosure.

[6G21] FI1G. 9 iliustrates a process of adaptive filtering for the RPR in accordance with
some implementations of the present disclosure.

[6022] FIG. 10 illustrates a generation of prediction termplate samples for the RPR in
accordance with some implementations of the present disclosure.

302 3] FIG. 11 18 a flow chart of an exemplary method for video coding based on template-
based coding schemes in accordance with some implementations of the present disclosure.
[6024] FiGs. 12A and 12B show a fow chart of an exemplary method for video encoding
based on template-based coding schemes in accordance with some implementations of the
present disclosure,

6625] FIG. 13 shows a flow chart of an exemplary method for video decoding based on
template-based coding schemes in accordance with some implementations of the present
disclosure.

j3326] FIG 14 is a diagram ilusirating a computing environmeni coupled with a user

L4d
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interface, according to some implementations of the present disclosure.

BETAILED DESCRIPTION

30271 Reference will now be made 1 detaidl to specific implementations, examples of
which are ilustrated i the accompanying drawings In the following detailled description,
numerous non-limiting specific details are set forth in order to assist in understanding the
subject matier presented herein. But it will be apparent to one of ordinary skill in the art that
various alternatives may be used without departing fromw the scope of claims and the subject
matter may be practiced without these specific details. For example, it will be apparent to one
of ordinary skill in the art that the subject matter presented herein can be implemented on many

types of electromc devices with digital video capabilities,

. fo i Y E e ) RN I TR . G e Y ke g s R I TN i
T ohiarna he ymdaretanag that tha tarmme S“Hhegt S reYaratare) ana thae hibe yaed 1o fha
EGGZ?&; i1 SHOLG D€ understond hat Ine isrms st SECONG, T and e BKe used i the

[3329] FIG 1 15 a block diagram illustrating an exemplary system 10 for encoding and
decoding video blocks in parallel in accordance with some implementations of the present
disclosure. As shown in FIG. 1, the system 10 includes a source device 12 that generates and
encodes video data to be decoded at a later tme by a destination device 14 The source device
12 and the destination device 14 mav comprise any of a wide variety of electronic devices,
inciuding deskiop or lapiop computers, tablet computers, smart phones, set-top boxes, digital
televisions, cameras, display devices, digital media players, video gaming consoles, video
sireaming device, or the ike. In some implementations. the source device 12 and the destination
device 14 are equipped with wireless communication capabilities.

[6G39] In some implementations, the destination device 14 may receive the encoded video
data to be decoded via a link 16, The link 16 may corprise any tvpe of conmmunication raedium
or device capable of moving the encoded video data from the source device 12 to the destination
device 14. In one example. the iink 16 may comprise a communication medium to enable the
source device 12 {o transmit the encoded video data directly to the destination device 14 in real
time. The encoded video data may be modulated according 1o a communication standard, such

as a wireless communication protocol. and transmutied to the destination device 14 The
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communication medium may comprise any wireless or wired conumnunication medium, such as
a Radio Frequency (RF) spectrum or one or more physical transmuission lines. The
communication medium may form part of a packsi-based network, such as a local areanestwork,
a wide-area network, or a global network such as the Intemet. The commuucation medium
may include routers, switches, base stalions, or any other equipment that may be uselul (o
factlitate communication from the source device 12 (o the destination device 14,

16031} in some other implementations, the encoded video data may be transmitted from an
cutput interface 22 to a storage device 32 Subsequenily, the encoded video data in the storags
device 32 may be accessed by the destunation device 14 via an inpud interface 28 The storage
device 32 may include any of g varety of disinbuled or locally accessed data storage media
such as a hard drive, Blu-ray discs, Digital Versatile Disks (DVDs). Compact DHsc Read-Only
Memories {CD-ROMs}, flash memory, volatile or non-volatile memory, or any other suilable
digital storage media for storing the encoded video data Tn a further sxample, the storage
device 32 may correspond to a file server or another intermediate storage device that may hold
the encoded video data generaied by the sowrce device 12. The destination device 14 may
access the stored video data from the storage device 32 via streamung oy downloading. The file
server may be any type of computer capable of storing the encoded video data and transnuting
the encoded video data to the destination device 14, Exemplary file servers include a web server
{e.g., for a website}, a File Transfer Protocol {(FTP) server, Network Atiached Storage (NAS)
deviges, or 3 local disk drive. The destination device 14 may access the encoded video data
through any standard data conmnection, including a wireless channel (e.g.. a Wureless Fidelity
{Wi-Fi} connection}, a wired connection {e.g., Digital Subscriber Line (DSL), cable modem,
etc.}, or a combination of both that is suitable for accessing encoded video data stored on a file
server. The transmoission of the encoded video data from the storage device 32 may be a
streanung fransnussion. a download transmission, or a combination of both.

3032} As shown in FIG. 1, the source device 12 includes a video source 18, a video
encoder 20 and the output interface 22, The video source 18 may include a source such as a
video capluring device, e.g.. a video camera, a video archive contaming previously captured
video, a video feeding interface to receive video from a video content provider, and/or a
computer graphics aystem for generating computer graphics data as the source video, or a
combivation of such sources. As one example, if the video source 18 1s a video camera of a
secunty swveillance system, the source device 12 and the destination device 14 may form
camera phones or video phones. However, the implementations desciibed in the present

apphication roay be applicable to video coding in general, and may be applied {o wireless and/or
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wired applications.

6633} The captured, pre-captured, or computer-generated video may be encoded by the
video encoder 20. The encoded video data may be transmatted directly to the destination device
14 via the output interface 22 of the source device 12. The encoded video data may also (or
alternatively ) be stored onto the storage device 32 for later access by the destination device 14
or other devices, {or decoding and/or playback. The cutput interface 22 may lurther mclude a
modem and/or a transmiiter.

[6G34] The destination device 14 inclades the input interface 28, a video decoder 30, and
adisplay device 34. The mput interface 28 may include a receiver and/or 3 modem and receive
the encoded video data over the hink 16, The encoded video data communicated over the hink
16, or provided on the storage device 32, may include a variety of syntax elements generated
by the video encoder 20 for use by the video decoder 30 in decoding the video data. Such
svotax elemments may be mcluded within the encoded video data transmitted on a
communication medium, stored on a storage medium, or stored on a file server

[6G35] in some implementations, the destination device 14 may include the display device
34, which can be an mntegraied display device and an external display device that is configured
to communicale with the destination device 14. The display device 34 displavs the decoded
video data to & user, and may comprise any of a variety of display devices such as a Liquid
Crystal Display (LCD). a plasma display, an Organic Light Emitting Diode {OLED} display,
or another type of display device.

[6036] The video encoder 20 and the video decoder 30 mav operate according to
proprietary or industry standards, such as VV, HEVC, MPEG-4, Part 10, AV, or extensions
of such siandards. It should be understood that the present apphication 13 not imited to aspecific
video encoding/decoding standard and may be applicable to other video encoding/decoding
standards. It 15 generally contemplated that the video encoder 20 of the source device 12 may
be configured to encode video data according fo any of these current or future standards.
Similarly, it is also generaily contemplated that the video decoder 30 of the destination device
14 may be configured 1o decode video data according to any of these current or {uture standards.
[6G37] The video encoder 20 and the video decoder 30 each mayv be implemented as any
of a vartety of suitable encoder and/or decoder circuitry, such as one or more MICIOProcessors,
Digital Signal Processors (D8Ps), Application Specific Integrated Circuits (ASICs), Field
Programamable Gate Arravs {(FPGAs), discrete logic, software, hardware, firmware or any
combinations thereof When implemented partially in software, an elecironic device may store

mstructions for the software in a suitable, non-transitory computer-readable mediom and
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execute the instructions in hardware using one of more processors to perform the video
encoding/decoding operations disclosed in the present disclosure. Each of the video encoder
2} and the video decoder 30 mav be included in one or more encoders or decoders, etther of
which may be integrated as part of a combined encoder/decoder (CODEC) in a respective
device.

[B6038] In some implementations, at least a part of components of the source device 12 (for
example. the video source 18, the video encoder 20 or components included in the video
encoder 20 as described below with reference to Fig. 2, and the output interface 223 and/or at
least a part of components of the destination device 14 (for example, the input inter{ace 28, the
video decoder 30 or components included in the video decoder 30 as described below with
reference to Fig. 3, and the display device 34) may operate in a cloud computing service
network which may provide software, platforms, and/or infrastructure, such as Software as a
Service {SaaS)y, Platform as a Service {PaaS}, or Infrastructurs as a Service 1aaS). In some
umplementations, one or mote coraponentds 1 the source device 12 and/or the destination device
14 which are not included m the cloud computing service network may be provided in one or
more client devices, and the one or more client devices may conwnunicaie with server
compuiers 1 the cloud computing service network through a wireless commumication network
(for example, a cellular communication network, a short-range wireless communication
network, or a global navigation satellite system (GNSS) communication network} or a wired
communicanon network {e.g., alocal arga network (L AN} cormnmunication network or a power
line commumication {PLC) network). In an embodiment, at least a part of operations described
herein may be implemented as cloud-based services provided by one or more server computers
which are implemented by the at least a part of the components of the source device 12 and/or
the at least a part of the componenis of the destination device 14 in the cloud computing service
network; and one or more other operations described herein may be implemented by the one
or more chient devices. In some implementations, the cloud computing service network may be
aprivate cloud, a public cloud, or abhyvbnd cloud. The terms such as “cloud,” “dloud computing,”
“cloud-based” etc. heremn may be used interchangeably as appropriate without departing from
the scope of the present disclosure. It should be understood that the present disclosure is not
himited to being implemenied in the cloud computing service network described shove. Instead,
the present disclosure may also be iraplemented in anvy other type of computing environments
currenily known or developed in the future.

3039} FI(3. 2 is a block diagram illustrating an exemplary video encoder 20 in accordance

with some implementations described in the present application. The video encoder 20 may
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perform intra and inter predictive coding of video blocks within video frames. Intra predictive
coding relies on spatial prediction to reduce or remove spatial redundancy in video data within
g given viden framoe or picture. Inter predictive coding relies on terporal prediction o reduce
or temove temporal redundancy in video data within adjacent video frames or pictures of a
video sequence. It should be noted that the term “frame” may be used as synonyms for the
term “image” or “pieture” in the field of video coding,

[B040] As shown in FIG. 2. the video encoder 20 includes a video data memorv 40, a
prediction processing unit 41, a Decoded Picture Buffer {DPB) 64, a summer 50, a fransform
processing unit 52, a quantization wnit 54, and an entropy encoding wmi 56, The prediction
processing umit 41 further includes a motion estimation unit 42, a motion compensation unit
44, a partition unit 45, an intra prediction processing unit 46, and an indra Block Copy (BC)
wnit 48, In some implementations, the video encoder 20 also includes an invarse quantization
unit 58, an mverse transformy processing unit 60, and a swmmer 62 for video block
reconstruction. An in-loop filier 63, such as a deblocking filter, may be positioned between the
summer 62 and the DPB 64 {o filter block boundaries to remove blockiness ariifacts from
reconsiracted video. Another mi-loop filter, such as Sample Adaptive Offset (SAD) Alter, Cross
Component Sample Adaptive Offset (CCSAD) filler and/or Adaptive in~Loop Filter (ALF),
mayv also be used in addition to the deblocking filter to filter an output of the swomer 62, It
should be understood that for the CCSAD technique, the present application is not Himited to
the embodiments described herein, and instead, the apphication may be applied o a situation
where an offset 15 selecied for any of a luma component, a Cb chroma component and a Cr
chroma component according to any other of the luma component, the Cb chroma component
and the Cr chroma component to modify said any component based on the selected offset.
Further, 1t should also be undersiood that a first component mentioned herein may be any of
the luma component, the Ch chroma component and the Cr chroma component, a second
component mentioned herein may be any other of the luma component, the b chroma
component and the Cr chroma component, and a third component mentioned herein may be a
remaining one of the luma component, the Ch chroma component and the Cr chroma
component. In some examples, the in-loop filters may be omitted. and the decoded video block
may be directly provided by the summer 62 {0 the DPB 64. The video encoder 20 may take the
forma of a fixed or programmable hardware unit or may be divided among one or more of the
ittustrated fixed or programumable hardware units.

jp041] The video data memory 40 may store video data to be encoded by the components

of the video encoder 20. The video data in the video data memory 40 may be obtained, for
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example, from the video source 18 as shown in FIG. 1. The DPB 64 is a buffer that stores
reference video daia (Tor example, reference frames or pictures) for use in encoding video data
hy the video encoder 20 {e.g., inintra or inter prediciive coding modes). The video data memory
40 and the DPB o4 may be formed by any of a variety of memory devices. In varicus examples,
the video data memory 40 may be on-chip with other componenis of the video encoder 20, or
oll-chip relative to those components,

16042} As shown i FIG. 2, after receiving the video data, the partition unit 45 within the
prediction processing unit 41 partitions the video data into video blocks. This partitioning may
also melude partitioning a video frame into shees, tiles (for example, sets of video blocks), or
other larger Coding Untis {CUs) according to predefined splitting structures such as a Quad-
Tree (QT) structure associated with the vides data. The video frame is or may be regarded as a
two-dimensional array or matnix of samples with sample values. A sample in the arrav may
also be referred to as a pixel or a pel. A number of samples in horizontal and vertical directions
{or axes) of the array or picture define a size and/or a resolution of the video frame. The video
frame may be divided into nwltiple video blocks by, for example, using Q7 partitioning. The
video block agam 15 or may be regarded as a two-dimensional array or mairix of samples with
sample values, although of smaller dimension than the video frame. A number of samples n
honzontal and vertical directions {or axes) of the video block define a size of the video block.
The video block may further be partitioned into one or more block partitions or sub-blocks
(which may form agamn blocks) by, for example, teratively using QT parlitioning, Binary-Tree
(BT} partitioning or Triple-Tree (TT) partitioning or any combination thereof. 1t should he
noted that the ferm “block”™ or “video block™ as used herein may be a portion, in particular 2
rectangular (square or non- square} portion, of a frame or a picture. With reference, for example,
to HEVC and YV, the block or video block may be or comrespond to a Coding Tree Unit
(CTU), aCU, a Predictiion Urit (PU) or a Transform Unit {TU) and/or may be or correspond
to a corresponding block, e g. a Coding Tree Block {CTB), a Coding Block (CB}, a Prediction
Block {PB) or a Transform Block (TB} and/or to a sub-block.

[3043) The prediction processing unit 41 may select one of apluralily of possible prediciive
coding modes. such as one of a plurality of inira predictive coding modes or ong of a plurality
of mnter predictive coding modes, for the current video block based on error resulis {e.g., coding
rate and the level of distortion) The prediction processing unit 41 may provide the resulting
intra or inter prediction coded block to the summer 50 to generate a residual block and fo the
summer 62 to reconstruct the encoded block for use as part of a reference frame subsequently,

The prediction processing unit 41 also provides syntax elements, such as motion vectors, intra-
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mode indicators, partition information, and other such svntax information, to the entropy
encoding unit 56,

(6044 In order to select an appropriate mtra predictiive coding mode for the current video
block, the intra prediction processing unit 46 within the prediction processing unit 41 may
perform intra predictive coding of the current video block relative to one or more neighbor
blocks in the same {rame as the current block o be coded to provide spatial prediction. The
motion estimation unit 42 and the motion compensation unit 44 within the prediction
processing unit 41 perform inter predictive coding of the current video block refative to one or
more predictive blocks in one or more reference frames to provide temporal prediction. The
video encoder 20 may perform muliiple coding passes, e.g., to select an appropriate coding
mode for each block of video data.

{6045] in some implementations, the motion sstimation unit 42 deternunes the infer
prediction mode for a current video frame by generating a motion vector, which indicates the
displacement of a video block within the current videe frame relative to a predictive block
within a reference video frame, according to a predetermined pattern within a sequence of video
frames. Motion estimabon, performed by the motion estimaiion unit 42, 15 the process of
generating motion vectors, which estimate motion for video blocks A motion vector, for
example, may mdicate the displacement of a video block within a current video frame or picture
relative to a predictive block within a reference frame relative to the current block being coded
within the carrent frame. The predetermuned pattern may designate video frames in the
sequence as P frames or B frames. The intra BC unit 48 may determine vectors, e.g. block
vectors, for intra BC coding in a mamner sinular to the determuination of motion vectors by the
motion estimation unit 42 for inter prediction, or may utilize the motion estimation unit 42 to
determine the block vector

{30461 A pradictive block for the video block may be or mayv correspond to a block or a
reference block of a reference frame that 15 deemed as closely matching the video block 1o be
coded in terms of pixel difference, which may be determuned by Sum of Absolute Difference
{(SAD), Sum of Square Difference {8513}, or other difference metrics. In some implementations,
the video encoder 20 mayv calcidate values for sub-integer pixel positions of reference frames
stored 1 the DPB 64, For example, the video encoder 20 may interpolate values of one-quarter
pixel positions, one-eighth pixel positions, or other fractional pixel positions of the reference
frame. Therefore, the motion estimation unit 42 may perform a motion search relative to the
full pixel positions and fractional pixel positions and outpul a motion vector with fractional

pixel precision,
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{6047} The motion estimation unit 42 calculates a motion vector for a video block in an
inter prediction coded [rame by companng the position of the video block to the position of a
predictive block of a reference frame selected from a first reference frame hst (last Oy or a
second reference frame list {List 1), each of which identifies one or more reference frames
stored in the DPB 64, The motion sstimation unit 42 sends the calculated motion vector o the
molion compensation unil 44 and then io the entropy encoding unil 56.

{6043} Motion compensation, performed by the motion compensation unit 44, may involve
fetching or generating the predictive block based on the motion vector determined by the
motion estimation umi 42, Upon receiving the motion vector for the current video block, the
motion corapensation unit 44 may locate a predictive block to which the motion vector points
in one of the reference frame lists, retrieve the predictive block from the DPB 64, and forward
the predictive block to the summer 50, The summer 50 then forms a residual video block of
pixel difference values by subtracting pixel values of the predictive block provided by the
motion compensation unit 44 from the pixel values of the curvent video block being coded. The
pixel difference values forming the residual video block may include luma or chroma
component differences or both. The motion compensation unit 44 may also generate syntax
slements associated with the video blocks of a video frame for use by the video decoder 3¢ in
decoding the video blocks of the video frame. The syntax elements may include, for example,
svntax elements defining the motion vector used to idenufy the predictive block, any flags
indicating the prediction mode, or any other svntax mformation described herein. Note that the
motion estimation unit 42 and the motion compensation unit 44 may be highly integrated, but
are iHustrated separately for conceptual purposes.

160349] In some implementations, the intra BC unit 48 may generale vectors and fetch
predictive biocks i a manner sinular (o that described above in connection with the motion
estimation unit 42 and the motion compensation unit 44, but with the predictive blocks being
in the same frame as the current block being coded and with the vectors being referred {o as
block vectors as opposed to motion vectors. In particudar, the intra BC unit 48 may determine
an intra~-prediciion mode (o use io encode a current block. In some examples, the intra BC unit
48 mayv encode a current block using various intra-prediction modes, e.g., during separate
encoding passes, and test their performance through rate-distortion analvsis. Next, the intra BC
unit 48 may select, among the various tested intra-prediction modes, an approprigte inira-
prediction mode to use and generate an inira-mode indicator accordingly. For example. the intra
BC unit 48 may calculate rate-distortion values using a rate-distortion analysis for the various

fested intra-prediction modes, and select the mira-prediction mode bhaving the best rate-
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distortion characteristics among the tested modes as the appropriaie intra-prediction mode to
use. Rate-distortion analysis generally defermunes an amount of distortion (or error) between
an encoded block and an original, unencoded block that was encoded to produce the encoded
block, as well as a bitrate (i.e.. a number of bits) used to produce the encoded block. Intra BC
unit 48 may caleulate ratios from the distortions and rates for the various encoded blocks 1o
determine which intra-prediction mode exhibits the best rate~-distortion value for the block.

G058 In other examples. the intra BC untt 48 may use the motion estimation unit 42 and
the motion compensation wit 44, in whole or in part, to perform such functions for Intra BC

prediction according o the implemeniations described herein. In either case, for Intra block

coded, in terms of pixel difference. which may be determined by SAD, $SD. or other difference
metrics, and identification of the predictive block may include calculation of values for sub-
integer pixel positions.

LTS Whether the predictive block 1s from the same frame according to intra prediction,
or a different frame according {0 Inter prediction, the video encoder 20 mayv form a residual
video block by subiracting pixel values of the predictive block from the pixel values of the
current video biock being coded. formung pixel difference values. The pixel difference values
forming the residual video block may include both luma and chroma component differences.
[B052] The nira prediction processing unit 46 may intra-predict a current video block, as
an altermative to the inter-prediction performed by the motion estimation unit 42 and the motion
compensation unit 44, or the intra block copy prediction performed by the intra BC unit 48, as
described above In particular, the intra prediction processing unit 46 may determing an ntra
prediction mode to use 10 encode a current block. To do so, the mira prediction processing unit
46 may encode a current block using various intra prediction mwodes, e.g., during separate
encading passes, and the mnira prediction processing unit 46 {or a mode selection unit, in some
gvamples) may select an appropriate infra prediction mode to use from the tested intra
prediction modes. The intra prediction processing it 46 may provide information indicative
ol the selected intra-prediction mode {or the block to the endropy encoding unit 56, The entropy
encoding unit S6 mav encode the mformation mdicating the selected intra-prediction mode in
the bilstream.

[6053] After the prediction processing unit 41 determines the predictive block for the
current video block via either infer prediction or inira prediction, the summer 50 forms a
residual video block by subtracting the predictive block from the cwrrent video block. The

residual video data in the residual block mav be included in one or ruore TUs and is provided
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to the transform processing unit 52. The transform processing wnit 52 transforms the residual
video data into residual transform coeflicients using a transform, such as a Discrete Cosing
Transform (DCT) or a conceptually sumlar transform,

[63054] The transform processing unit 32 may send the resulting transform coetficients to
the quantization unit 54. The quantization unit 54 quantizes the transform coctlicients o further
reduce the bit rate. The quaniization process may also reduce the bt depth associated with some
or all of the coefficients. The degree of quantization mav be modified by adjusting a
quaniization paramster {o some examples, the quentization unit 534 may then perform a scan
of a matrix including the quantized trans{orm coeflicients. Altematively, the entropy encoding
urit 36 may performa the scan.

[6055] Following quantization, the entropy encoding unit 36 entropy encodes the quantized
transform coefficients into a video bitstream using, e g, Context Adaplive Variable Length
Coding (CAVLC), Context Adaptive Binary Anthmetic Codmg (CABAC), Syntax-based
contexi-adaptive Binary Arithmetic Coding (SBAQ), Probalility Interval Partitioning Entropy
{PIPE} coding or another entropy encoding methodology or technique. The encoded bitstream
may then be transmitied 10 the video decoder 30 as shown in FIG. 1, or archived in the storage
device 32 as shown in FIG. 1 for later transmission (o or reinieval by the video decoder 30 The
entropy encoding unit 56 may also entropy encode the motion veciors and the other syntax
glements for the current video frame being coded.

30336} The mverse quantization anit 58 and the inverse transfonm processing anit 60 apply
nverse quantization and inverse transformation. respectively, to reconstruct the residual video
block in the pixel domain for generating a reference block for prediction of other video blocks.
As noled above, the molion compensation wmit 44 may generale 3 molion compensated
predictive block from one or more reference blocks of the frames stored in the DPB 64 The
motion compensation wnit 44 mav also apply one or more interpolation filters to the predictive
block to calculate sub-integer pixel values for use in molion estimation.

[BOS7] The summer 62 adds the reconstructed residual block to the motion compensated
predictive block produced by the molion compensation unil 44 1o produce a relerence block
for storage in the DPB 64, The reference block may then be used by the intra BC unit 48, the
motion estimation unit 42 and the motion compensation wnt 44 as a predictive block (o inter
predict another video block 1o a subseqguent video frame.

[6058] FIG. 3 1s a block diagram illustrating an exemplary video decoder 30 in accordance
with some implementations of the present application. The video decoder 30 includes a vides

data memory 79, an entropy decoding unit 80, a prediction processing umi 81, an nverse
o W pd R
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quantization unit 86, an mnverse transform processing unit 88, a summer 90, and a DPB 92. The
prediction processing unit 81 further includes a wmotion compensation unit 82, an intra
prediction wut 84, and an wira BC unit 85, The video decoder 30 may perform a decoding
pracess generally reciprocal to the encoding process described above with respect to the video
encoder 20 in connection with FIG. 2. For example, the motion compensation unit 32 may
generate prediction data based on motion vectors received from the entropy decoding unit 80,
while the intra-prediction unit 84 may generate prediction data based on mntra-prediciion mode
indicators received from the entropv decoding unit 80,

{6659} In some examples, a unit of the video decoder 30 may be tasked 1o perform the
implementations of the present application. Alse, in some examples, the implementations of
the present disclosure may be divided among one or more of the units of the video decoder 30,
For example, the intra BC unit 85 may perform the implementaiions of the present application,
alone, or in combination with other units of the video decoder 30, such as the motion
compensation unii 82, the intra prediction unit 84, and the entropy decoding unit 80, In some
examples, the video decoder 30 may not include the intra BC unit 85 and the functionality of
mtra BC umi 85 may be performed by other components of the prediction processing unit 81,
such as the motion compensation unit 82,

[6060] The video data memory 79 may store video data, such as an encoded video biistream,
to be decoded by the other components of the video decoder 36, The video data stored in the
video data memory 79 may be obtained. for example. from the storage device 32, from alocal
video source, such as a camera. via wired or wireless network communication of video data,
or by accessing physical data storage media {e.g.. a flash drive or hard disk). The video data
memory 79 may include a Coded Picture Buffer {CPB) that stores encoded video data from an
encoded video bustream. The DPB 92 of the video decoder 30 stores reference video data for
use 1n decoding video data by the video decoder 30 (e g.. in inira or inter predictive coding
modes}. The video data memory 79 and the DPB 92 may be formed by any of a vanisty of
memory devices, such as dynamic random access memory {DRAM), ncluding Synchronous
DRAM (SDRAM), Magneto-resistive RAM (MRAM), Resisive RAM (RRAM), or other
tvpes of memory devices. For tliustrative purpose, the video data memory 79 and the DPB 92
are depicted as two distinet components of the video decoder 30 in FIG. 3. But it will be
apparent to one skilled in the art that the video data memory 79 and the DPB 92 may be
provided by the same memory device or separate memory devices. In some examples, the video
data memory 79 may be on-chip with other components of the video decoder 30, or off-chip

relative to those components.
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[6061] During the decoding process, the video decoder 30 receives an encoded video
bitstream that represents video blocks of an encoded video frame and associated syniax
eleroents. The video decoder 30 may receive the syontax elements at the video frame level and/or
the video block level. The entropy decoding unit 80 of the video decoder 30 entropy decodes
the bitstrearmn o generate guantized coefficients, motion vectors or intra-prediction mode
indicators, and other svplax elerments. The entropy decodimg unit 80 then forwards the motion
vectors or mntra-prediction mode indicators and other svntax elements to the prediction
processing unit 81

{6662} When the video frame is coded as an intra predictive coded (I} frame or for intra
coded predictive blocks n other types of frames, the 1otra prediction unit 84 of the prediction
processing unit 81 may generate prediction data for a video block of the current video frame
based on a signaled infra prediction mode and reference data from previously decoded blocks
of the current frame.

[B063] When the video frame is coded as an mnter-predictive coded (1o, B or P) frame, the
motion compensation unit 82 of the prediction processing unit 81 produces one or more
predictive blocks for a video block of the current video {rame based on the motion vectors and
other syntax elements received from the entropy decoding unit 8¢ Each of the predictive blocks
may be produced from a reference frame within one of the reference frame lists. The video
decoder 30 may construct the reference frame lists, List O and List 1, using default consiruction
techniqgues based on reference frames stored in the DPB V2.

{0064 i some examples, when the video block 15 coded according to the intra BC mode
described hergin, the mitra BC umit 85 of the prediction processing unit 81 produces predictive
blocks for the curreni video block based on bloch veciors and other syntax elements received
from the eniropy decoding unit 80, The predictive blocks may be within a reconstructed region
of the same picture as the current video block defined by the video encoder 20,

HHESS! The motion compensation unit 82 and/or the intra BC unit 85 determines prediction
mformation for a video block of the cwrrent video frame by parsing the motion vectors and
other syntax elements, and then uses the prediction information to produce the prediclive
blocks for the current video block being decoded. For example. the motion compensation unit
82 uses some of the recetved syniax elemenis (o determine a prediction moede {e.g, intra or
inter prediction) used to code video blocks of the video frame, an mnter prediction frame fype
{e.g.. B or P}, construction information for one or more of the reference frame lists for the
frame, motion vectors for each imter predictive encoded video block of the frame, inter
prediction status for each inter predictive coded video block of the frame, and other information
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to decode the video blocks in the current video frame.

[6066] Sumilarly, the intra BC unit 85 may use some of the recertved syntax elements, e.g.,
a flag, to determine that the current video block was predicted using the mtra BC mode,
construction information of which video blocks of the frame are within the reconstructed region
and should be stored in the DPB 92, block vectors for gach mtra BC predicted video blogk of
the frame, inira BC prediction status {or each nira BC predicled video block of the frame, and
other information o decode the video blocks in the current video frame.

6667} The motion compensation umi 82 mayv also perform interpolation using the
mterpolation filters as used by the video encoder 20 during encoding of the video blocks to
calculate mterpolated values for sub-integer pixels ol reference blocks. In thus case, the motion
compensation unit 82 mav determine the inferpolation filters used by the video encoder 20
from the received svniax elements and use the interpolation filters (o produce predictive blocks.
THESY The nverse guantization wmt 86 inverse guantizes the gquantized transform
coetficients provided n the bilstream and entropy decoded by the entropy decoding umit 80
using the same guantization parameter caiculated by the video encoder 20 for sach video block
i the video frame to detenmine a degree of quantization. The mverse transform processing unit
8] applies an mverse transform, eg., an mverse DCT, an inverse indeger transform, or a
conceptually similar inverse transform process, to the fransform coefficients in order to
reconstruct the residual blocks in the pixel domain.

30369} After the motion compensation umit 82 or the intra BC onit 85 generaies the
predictive block for the current video block based on the veciors and other syniax elements,
the summer 90 reconsiructs decoded video block for the current video block by summing the
residual block from the inverse transform processing unit 88 and a corresponding predictive
block generated by the motion compensation unit 82 and the inira BC uit 85, An in-loop filter
91 such as deblocking filter, SAO filter, CCSAQ filter and/or ALF may be positioned betwaen
the summer 90 and the DPB 92 {o further process the decoded video block. In some examples,
the in-loop filter 91 may be omutled, and the decoded video block may be directly provided by
the summer 90 (o the DPB 92. The decoded video blocks i a given frame are then siored 1n
the DPB 92, which stores reference frames used for subsequent motion compensation of next
video blocks. The DBPB 92, or a memory device separate {rom the DPB 92, may also store
decoded video for later presentation on a display device, such as the display device 34 of FIG.
i

{BG76] In a tvpical video coding process, a video sequence typically includes an ordered

set of frames or pictures. Bach frame may wnchude three sample arrays, denoted SL, 8Cb, and
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SCr S is a two-dimensional array of luma samples. SCh s a two-dimensional array of Cb
chroma samples. SCr 15 a two-dimenstonal array of Ur chroma samples. In other instances, a
frame may be monochrome and therefore includes only one two-dimensional array of luma
samples.

[B071] As shown in FIG. 44, the video encoder 20 (or more specifically the partition unit
45} generates an encoded representation of a {rarve by first parlitioning the frame mio a set of
CTUs. Awvideo frame may include an integer number of CTUs ordered consecutively n araster
scan order from left 1o right and from top to bottom. Fach UTU 1s a largest logical coding umt
and the width and height of the CTU are signaled by the video encoder 20 in a sequence
parameter sel, such that all the CTUs w a video sequence have the same size being one of
128x128, 64+64, 32x32, and 16x16. But 1t should be noted that the present application is not
necessarily himited {0 a particular size. As shown in FIG. 4B, each CTU may comprise one
CTB of luma saroples, two corresponding coding tree blocks of chroma samples, and svntax
clements used {0 code the samples of the coding tree blocks. The syntax elements describe
properiies of different types of units of a coded block of pixels and how the video sequence can
be reconstructed at the video decoder 30, mcluding inter or intra prediction, mira prediction
mode, motion vectors, and other parameters. In monochrome pictures or pictures having three
separate color planes, a CTU may comprise a single coding tree block and syntax elements
used to code the samples of the coding tree block. A coding tree block may be an NxIN block
of samples.

[6672] To achieve a better performance, the video encoder 20 may recursively perform tree
parlitioning such as binary-tree partiioning, ternary-iree partitioning, quad-tree partiioning or
a combination thereof on the coding tree blocks of the CTU and divide the CTU into smaller
CUs. Ag depicted m FIG. 4C, the 64x64 CTU 400 1s first divided into four smaller CUs. each
having a block size of 32x32. Among the four smaller CUs, CU 410 and CU 420 are each
divided into four CUs of 16x16 by block size. The two 16516 CUs 430 and 440 are each further
divided into four CUs of 8x8 by block size. FIG 4D depicts a gquad-tree data structure
tustrating the end result of the partition process of the CTU 400 as depicted in FIG. 4C, each
teaf node of the quad-ires corresponding to one CU of a respective size ranging from 32x32 to
&x8. Like the CTU depicted in FIG. 4B, each CU may comprise a CB of luma samples and two
corresponding coding blocks of chroma saraples of a frame of the same size, and syniax
elements used to code the samples of the coding blocks. In monochrome pictures or pictures
having three separate color planes, a CU may comprise a single coding block and svntax

structures used to code the samples of the coding block It should be noted that the quad-tree
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partitioning depicted in FIGS. 4C and 4D is only for illusirative purposes and one CTU can be
split into CUs 1o adapt to varving local charactenistics based on quad/temary/binarv-tree
partitions. In the multi-tvpe tree structure, one CTY is partitioned by a quad-iree structure and
each quad-tree leaf CU can be further partitioned by a binary and ternary itree structure. As
shown in FIG. 4E, there are five possible partitioning tyvpes of a coding block having a width
W oand a height H, i.e. quaternary partitioning, horizontal binary partitioning, vertical binary
partitioning, horizontal temary partitioning, and vertical ternary partitioning.

{6673} in some implementations, the video encoder 20 mav further partition a coding block
of a CUl o one or more MxN PBa. A PB 13 a rectanguiar (square or non-square) block of
samples on which the same prediction, irder ot ntra, 1s apphied. APU of a CU may comprise a
PB of luma samples, two corresponding PBs of chroma samples, and svntax elements used o
predict the PBs. In monochrome pictures or pictures having three separate color planes, a PU
may cornprise a single PB and syntax structures used to predict the PR, The video encoder 20
may generate predictive luma, Cb, and Cr blocks for luma, Cb, and Cr PBs of cach PU of the
CU.

{6674} The video encoder 20 wav use intra prediction or inter prediction 10 generate the
predictive blocks for a PU. If the video encoder 20 uses inira prediction {o generate the
predictive blocks of a PU, the video encoder 20 may generate the predictive blocks of the PU
based on decoded samples of the frame associated with the PU. If the video encoder 20 uses
inter prediction to generale the predictive blocks of a PU, the video encoder 20 may generate
the predictive blocks of the PU based on decoded samples of one or more frames other than
the frame associated with the PU.

[6675] After the video encoder 20 generates predictive luma, Cb, and Cr blocks for one or
more PUs of a CU, the video encoder 20 may generate a luma residual block for the CU by
subtracting the CU's predictive luma blocks from 1ts original luma coding block such that each
sample in the CU’s lama residual block indicates a difference between a luma sample in one of
the CU's predictive luma blocks and a corresponding sample in the CU's original lama coding
block. Sumularly, the video encoder 20 may geoerale a Cb residual block and a Crresidual block
for the CU, respectively, such that each sample m the CU's Cb residual block indicates a
difference between a Chb sample in ong of the CU's predictive Ch blocks and a corresponding
sample m the CU's original Cb coding block and each sample 1n the CU's Cr residual block
may indicate a difference between a Cr sample in one of the CU's predicuve Cr blocks and a
corresponding sample in the CU's original Cr coding block.

[B076] Fusthermore, as illustrated in FIG. 4C, the video encoder 20 may use quad-tree
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parlitioning to decompose the luma, Cb, and Cr residual blocks of a CU into one or more luma,
Ch, and Cr vranstorm blocks respectively. A transform block is a rectangular (square or non-
square) block of samples on which the same transform s applied. ATU of a CU may comprise
a transform block of luma samples, two comresponding transform blocks of chroma samples,
and syntax elements used to transform the transform block samples. Thus, each TU of a CU
may be associaled with a luma transform block, a Cb transform block, and a Cr transform block.
In some exaraples, the luma transform block associated with the TU may be a sub-block of the
CU's tuma residual block. The Cb transform block may be a sub-block of the CU's Cb residual
block, The Cr transform block may be a sub-block of the CU's Cr residual block. In
monochrome piciures or pictures having three separate color planes, a TU may comprise a

single transform block and syntax structures used to transform the samples of the transform

block.
3877 The video encoder 20 may apply one or more transforms to a luma transform block

of a TU to generate a luma coelficient block for the TU. A coefficient block may be a two-
dimensional arrav of transform cogfficients. A transform coetficient may be a scalar gquantity.
The video encoder 20 may apply one or more transforms to a Cb transform block of a TU 1o
generate a Ch coefficient block for the TU. The video encoder 20 may apply one or more
transforms to a Cr transform block of a TU to generate a Cr coefficient block for the TU.
[BG78] After generating a coefficient block (e g., a luma coefficient block, a Cb coefficient
block or a Cr coelficient block), the video encoder 20 may quantize the coefficient block
Quantization generally refers {o a process in which transform coefficients are guantized fo
possibly reduce the amount of data used to represent the transform cosfficients, providing
further compression. After the video encoder 20 quantizes a coefficient block, the video
encoder 20 may entropy encode syntax elements indicaling the quantized transform
coefficients. For example, the video encoder 20 mav perform CABAC on the syntax elements
indicating the quantized transform coefficients. Finally, the video encoder 20 may outpui a
bitstream that includes a sequence of bits that forms a representation of coded frames and
associated data, which is either saved in the storage device 32 or transmiited (o the destination
device 14.

{6679} After receiving a bitstream generated by the videe encoder 20, the video decoder
30 may parse the bitstream to obtain syntax elements from the bitstream. The video decoder 30
may reconstruct the frames of the video data based at least in part on the syniax elements
obitained from the bitstream. The process of reconstructing the video data is generally reciprocal

to the encoding process performed by the video encoder 20. For example, the video decoder
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30 may perform inverse transforms on the coefficient blocks associated with TUs of a current
CU to reconstract residual blocks associated with the TUs of the current CUL The video decoder
30 also reconstructs the coding blocks of the current CU by adding the samples of the predictive
blocks for PUs of the current CU to comresponding samples of the transform blocks of the TUs
of the current CUL Afler reconstructing the coding blocks for each O of a Frame, video decoder
30 may reconstruct the frame.

G080 As noted above. video coding achieves video compression using primarndy two
modes, 1.e., intra-frame prediction (or intra-prediction) and inter-frame prediction {or inter-
prediction}. It 15 notled that IBC could be regarded as either inira-frame prediction or a third
mode. Between the two modes, mter-frame prediction contributes more to the coding efficiency
than wntra~-frame prediction because of the use of motion vectors for prediciing a current video
Block from a reference video block.

[BO8 1] But with the ever-improving video data capturing technology and more refined
video block size for preserving details n the video data, the amount of data reguired for
representing motion veciors for a cwrent frame also increases substantiallv. One way of
overcoming this challenge 15 to benefit from the fact that not only 3 group of neighbonng CUs
in both the spatial and temporal domains have similar video data for predicting purpose but the
motion vectors between these neighboring {Us are also similar. Therefore, it is possible to use
the motion information of spatially neighboring CUs and/or temporally co-located Cls as an
approxsimation of the motion information {e.g., motion vector) of a current CU by exploring
thetr spatial and temporal correlation, which 15 also referred to as “Motion Vector Predictor
{(MVPY” of the current CU.

[6G82] Instead of encoding, into the video biisiream, an actual motion vector of the current
CU determined by the motion estimation unit 42 as described above in connection with FIG.
2, the motion vector predictor of the cwrrent CU is subtracted from the actual motion vector of
the cwrrent CU 1o produce a Motion Vector Difference (MV D) for the current CU. By doing se,
there is no need to encode the motion vector determined by the motion estimation unit 42 for
cach CU of a frame into the video biistrearn and the amount of dala used for representing
maotion information in the video biistream can be significantly decreased.

{6083} Like the process of choosing a predictive block in a reference frame during inter-
frame prediction of a code block, a set of rules need to be adopted by both the video encoder
28 and the video decoder 30 for constructing a motion vector candidate list {also known as a
“merge list7) for a current CU using those potential candidate motion vectors associated with

spatiallv neighboring CUs and/or teraporally co-located CUs of the current CU and then
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selecting one member from the motion vector candidate list as a motion vector predictor for
the current CUL By doing 50, there s po need o transmit the wotion vector candidate hist itself
froma the video encoder 20 to the video decoder 30 and an 1ndex of the selected motion vector
predictor withim the motion vector candidate list 15 sufficient for the video encoder 20 and the
video decoder 30 1o use the same motion vector predictor within the motion vector candidate
list for encoding and decoding the current CUL

{6084} Abrief description of an mter advanced motion vector predictor {AMVYP) mode 1s
provided herein. In general, the motion information signaling in the VVC and the ECM 1s kept
the same as that in the HEVC standard.  Specifically, an inter prediction svmtax, le,
mter_pred ide. 1s signaled to indicate whether the prediction signal is from a first reference
picture list, a second reference picture, or both. The first reference picture list can be, for
example, the reference frame list “List O (also referred to as “LO7). The second reference
picture hist can be, for example, the reference frame list “List 17 {also referred to as “L17). For
cach used reference picture list, a comresponding reference frame 1s wdentified by signaling a
reference piciure index ref idx Ix(eg., =0, or 1) for the corresponding reference picture list.
A corresponding motion veclor {(MV) 1s represented by a motion vector predictor (MVP) index
mvp I flag {eg., x =0, or 1} which is used to select a MVP followed by a motion vector
difference (MV D)} between the corresponding MV and the selected MVP (e.g., MVD =MV -
MVP). Additionally, a control flag mvd 11 zero flag is signaled at a slice level. When the
control flag mvd 11 zero flag is equal to 0, the MV D associated with the reference picture list
L1 (L1 MV D) s signaled in a biistrearn.  Otherwise {(when the control flag mvd 11 zero flag
is equal 10 1), the L1 MVD is not signaled and its value is inferred to be zero at the encoder
and decoder.

[6085] An afline AMVP mode may be applied to video blocks (e.g., CUs) with both a width
and a height thereof being greater than or equal to 16, Specifically, when a block is coded with
the affine mode, an affine fiag is signaled to mdicate whether the affine AMVP mode is used
and then another flag is signaled to indicate whether a 4-parameter affine mode or a 6-
parameter alline mode 5 used. In the affine AMVP mode, the dilferences between the best
control point motion vectors {CPMVs) of the current CU and CPMVs selected from an affine
AMYVP candidate Rist may be signaled 1n the bitstream. For example, MVDs of the CPMVs
may be signaled 10 the bitstream. An allowed maximum size of the affine AMVP candidate
fist 13 2. Similar to non-affine AMVP mode, when the control flag mwvd 11 zero flag is equal
to 0, the MVDs of the CPMVs associated with the reference picture ist LT (L1 CPMVs) are

signaled in the bitstream. Otherwise (when the mvd 11 _zero flag flagis equal to 13, the MVDs
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of the L1 CPMVs are not signaled and their values are inferred 1o zero at the encoder and
decoder,

3086] A brief description of an inter merge mode 13 also provided herein. Inthe VVC, a
regular inter merge candidate list is consiructed by including one or more of the following five
types of MVP candidates in order: (1) spattal MVPs from spatial neighbor Cls; €2) temporal
MVPs from collocated CUs; (33 history-based MVPs from a first-in-first-out {FIFQ) table, (4)
pairwise average MY Ps: or {5} zero MY Ps. For each CU coded in the merge mode. an index
of the best merge candidate is transmitted from the encoder to the decoder

16687} In some implementations, the denvation of MVPs from spatial candidates (for
example, CUs netghboring a current CU 501 10 FIG. 5) in VV T 1s the same as that in HEVC
except that positions of the first two spatial candidates are swapped. A maximum of four spatial
candidates are selected from spatial candidates located at positions depicted in FIG. 3,
including a top position BY, a left position AQ, a top-right position B, a bottom-left position
A1, and a top-left position B2, The denvation is performed in an order of CUs at the positions
BO. AO, B1, Al and B2 subsequently. A CU at the position B2 is considered only when one
or mnore CUs at the positions BO, AQ, Bl, and Al are not available (for example. the ong or
more CUs belonging to other slices or tiles and therefore being unavailable) or are intra coded.
{B088] After a CU at the position B0 is added as a candidate to a merge candidate list, the
addition of the remaining candidates to the merge candidate list is subject to redundancy check,
which ensures that candidates with the same motion mformation are excluded from the merge
candidate list to improve coding efficiency. To reduce computational complexity, not all
possible candidate pairs are considered in the redundancy check. Insiead, only pairs linked
using a ling with an arrow in FIG. 6 are considered.  For a candidate par including a first
candidaie already added to the merge candidate list and a second candidate not added to the
merge candidate list vet, the second candidate 13 added 1o the merge candidate list only if the
first candidate in the pair used for the redundancy check does not have the same motion
mnformation as that of the second candidate. Spatial MVPs denved from the candidaies in the
merge candidate ist are added (o an MVP candidate list.

16059} in some implementations, during the derivation of MV Ps from temporal candidates,
only one temporal candidate i added 1o the merge candidate hist. Particularly, in the denvation
of an MVP from this teroporal candidate, s scaled motion vector 1s derived based on a
coliocated CU {e.g., col CU 701 in FIG TA) because the temporal candidate belongs to a
coliocated picture (e g.. col pic 702 in FIG. Ty foracurrent CU {e.g., curr CU 703 1n FIG. 7TA).

The scaled motion vector 1s added as a temporal MVP candidate to the MVP candidate Iist. A

7
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reference picture list and a reference picture index 1o be used for the derivation of the collocated
CU are explicitly signaled in a shice header. The scaled motion vector is obtained {i.e., scaled)
frovo a motion vector of the collocated CU using Picture Order Count (POC) distances. 1.e., th
and td, as illustrated in F1G. 7A, where tb denotes a POC difference between areference piciure
{e.g., curr_rel 705 in FIG7A) of the current picture {e.g., curr_pic 704 n FIG. 7A) and the
current picture, and td denotes a POC diflerence between a reference pictwre {e.g., col_rel 706
n FIG. 7A) of the collocated pictire (e.g.. col_pic 702) and the collocated picture. A reference
picture index of the {emporal candidate is set to be equal to zero.

[60946] A position for the temporal candidate (1.¢., the collocated CUY 1 the current CU
703 15 selected between positions CO and C1, as depicted in FIG. 7B, {f a CU at the position
€0 in the collocated picture is not avatlable, or is indra coded, or is outside of the current row
of CTis, a CU at the position C1 in the collocated picture 15 used as the collocated CU for the
derivation of the temporal MVP candidate. Gtherwise, a CU ai the position €0 in the collocated
picture 1s used as the collocated CU for the denvation of the teroporal MV P candidate.

6051} in some implementations, history-based MVP (HMVP) candidates are added to the
MVP candidate hist after the spatial MVPs and the temporal MVP. Motion mformation of a
previcusly coded block (.8, a previously coded CUT} is stored in an HMVP table and used as
an MVP for the current CU. The HMVP table includes multiple HMVYP candidates and is
maintained during the encoding and/or decoding process. The HMVP table is reset (emptied)
when a new row of CTUs is 1o be coded. When there 1s a non-subblock inter-coded CU,
associated motion information 15 added to a last entry of the HMVP table as a new HMVP
candidate.

6692} Asize of the HMVP table can be sef 1o 6 or any other suitable integer. When anew
HMVP candidate 15 mserted nto the HMVP table. a constramed FIFO rule 15 utthzed. For
example, redundancy check 15 applied to determine whether there is an HMV P candidate in the
HMVP table that is identical to the new HMVP candidate. [f an HMVP candidate in the HMVP
table is 1dentical 1o the new HMVP candidate, the identical HMVP 1s removed from the HMVP
table, and all the other HMVP candidates afler the wdentical HMVYP n the {able are moved
forward. The identical HMVP (equivalently, the new HMVP candidate) is added 1o the last
entry of the HMVP table.

[6693] HMVP candidates may be used in a construction process of the MVP candidate list.
The latest several HMV P candidates in the HMVP {able are checked in order and mserted mto
the MVP candidate list after the temporal MVP candidate. Redundancy check is applied on

the HMVP candidates relative to the spatial candidates and/or temporal MVYP candidate.
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[6024] To reduce the number of redundancy check operations, the following simplification
operations may be performed. For example, the redundancy check may be performed for last
twao entries n the HMVP table relative to the spatial MVP candidates derived from the spatial
candidates at the positions Al and B1, respectively; and once a total number of available MVP
candidates in the MVP candidate hist reaches the maimum size of the MVP candidate list
minus 1, the construction process of the MVP candidaie list [rom the HMVP candidales is
terminated.

[6095] in some implementations, pairwise average MVP candidates are generated by
averaging MVPs derived using a predetermined pair of merge candidates in the current merge
candidaie list. A first merge candidate i the predetermined pair may be denoted as “pGCand”™
and a second merge candidate in the predetermined pair mayv be denoted as “pliCand”™
Averaged motion vectors are calculated according to availability of motion vectors of “pOCand”
and “plCand” separately for each reference picture list. For example, for each reference picture
list, if both motion vectors {e.g., motion veclors of “pOCand” and “plCand™) are available for
the reference picthure list, these two motion vectors are averaged even when they point to
ditferent reference pictures, and a reference picture of the averaged motion vector is set (o be
areference picture of “pOCand.” If only one motion vector 1s available for the reference piciure
{ist, the only one motion vector 15 used directly as the averaged motion vector. I no motion
vector is avaiiable for the reference picture hist, the motion vecior and the reference picture
index for this reference picture list are kept invalid.

[6096] it some implementations, when the MV P candidate list is not full after the pairwise
average MVP candidates are added to the list, zero MVPs are inserted at the end of the MVP
candidate list untif the allowed maximum size of the MVP candidate list is reached.

[6097] A brief description of reference picture resampling (RPR) 15 also provided herein,
The VVC standard and the emerging ECM standard support fast spatial resolution switching
within one bitstream. Such capabiliyy is referred to as RPR or adaptive resolution switch
{(ARC). In real-time video applications, allowing the reschution to be changed within a coded
video sequence without the requirement of mserting a picture that supports random access, or
Intra Random Access Point {iRAP) pictare (e.g., an 1DR picture, or an {RA pictime 2i¢.}, can
not onlv adapt the compressed video data to dynamic commumication channel conditions, but
also avoid the burst of bandwidih consumption due to the relatively large size of IDR or CRA
pictures. Some example use cases that may benefit from the RPR feature are provided below.
098] A first example use ¢ase may nclude rate adaption in video telgphony and

conferencing (e.g., adapting a coded video to tirse-varving network condiions). For example,
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when a network condition gets worse so that the available bandwidth becomss lower, the
encoder may adapt to the changed network condition by encoding pictures with smaller
resolutions. Currently, changiong picture resolution can be done only after an IRAP picture,
resulting in one or more of the followings issues. For instance, an IRAP picture at reasonable
quality is much larger than an inter-coded picture, and it 1s more complex to decode the IRAP
picture, resulting 1 the high cost of time and resource. This can be a problem if the resolution
change 1s requested by the decoder for loading reasons. It can also break low-latency buffer
conditions {g g., forcing an audio re-sync), and the end-to-end delay of the stream mav increase
{e.g., at least temporarily). As a resuli, the user experience 1s downgraded.

[6099] Asecond example use case may mclude active speaker changes m multi-party video
conferencing. For multi-party video conferencing, it is common that an active speaker is shown
i a bigger video size than the video for the rest of conference participanis. When the active
speaker changes, the picture resolution for each participani mayv also need {0 be adjusted. The
need to have the ARC feature becomes more significant when such changes in active speakers
happen frequenily.

[60100] A third example use case may include fast stari in streanming. For a sireamung
application, it is common that the application mav buffer up to a certam length of decoded
pictures before start displayving. Starting the bitstream with a smaller resolution may allow the
application 1o have enough pictures in the buffer to siart displayving faster

[B0101] A fourth example use case may include adaptive streamn switching in streamung,
The Dyvnamic Adaptive Streaming over HTUTP (DASH) specification includes a feature named
wmediaStreamStructureld. This enables switching between different reprasentations at open-
GOP random access points with non-decodable leading mictures, eg, CRA pictures with
assoctated RASL pictures in HEVC, When two different representations of the sarne video
have different bitrates but the same spatial resolution while they have the same value of
(@mediaStreamSiractureld, switching between the two representations at a CRA picture with
associated RASL pictures ean be performed. The RASL pictures associated with the switching-
al CRA pictures can be decoded with acceptable guality, and therefore, seamless swilching can
be achieved. With ARC. the (wmediaSitreamStructureld feature may also be usable for
switching between DASH representations with different spatial resolutions.

[60192]  RPR high-level signaling is also provided herem For example, according to an
example RPR design. in the sequence parameter set (8PS), two syntax elements
pic_width max_in luma samples and pic height max _in luma samples are signaled io

specify the maximum widih and the maximum height of the coded pictures that refer 1o the
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SPS. Then, when the picture resolution is changed, a new picture parameter set {PPS) needs
(o be set when the related svntax  elements pic width_in luma samples and
pic_height i luroa saroples are signaled to speaily the different picture resolutions of the
pictures referring to the PPS.  There is butstream conformance such that the values of
pic_width in luma sample and pic_height in_luma sample may not exceed the values of
pic_width max_in luma samples and pic_height max_in luma samples, respechively. The
following Table 1 illustrates the RPR-related signaling in the 8PS and PPS.
Table 1: the RPR signaling in the 5PS and PPS

seq parameter set rbsp( ) { Descriptor
pic_width_max_in_loma_samples ue(v)
pic_height_max_in_juma_samples ue{v)

!

pic_parameter set rbsp{ ) 4 Deseripior
pic_width in huma samples ue(v}
pic height in homa samples ue{v}

)

§

[66163] A RPR process is also provided herein.  Specifically, when thers s a resolution
change within a bistream, a current video frame (e.g., a current picture) may be associated
with one or more reference frames {e.g., reference pictures) in different sizes. According to an
example RPR design., when picture resolution changes, all MVs to the current picture are
normalized to the sample grid of the aurrent picture instead of that of the veference pictures.
This can make picture resoluiion changes {ransparent to the MV prediction process.

[36104] When the picture resolution changes, the MVs are scaled according to a resolution
ratio between the current picture and the corresponding reference pictures. Additionally, the
samples in a veference block (from the corresponding reference picture) associated with a
current video block are up-sampled or down-samplad during the motion compensation of the
current video block to generate a predictive block for the video block. Inthe VVC, ascaling
ratio bebween the width of the reference picture and the width of the current picthure and/or a

scaling ratio hetween the height of the reference picture and the height of the current picture



WO 2025/006893 PCT/US2024/036027

can be limited 1o a range of {1/8, 2]

[60105]  In the example RPR design, different mnterpolation filiers can be applied to
mterpolate reference samples when the current picture and us reference picture are in different
resolutions. The reference samples mav be samples in the reference picture. Specifically, when
the resolution of the reference picture 15 equal to or smaller than that of the current pichure,
defauli 8-lap or o-tap inierpolation {ters can be used 1o generale luma prediction samples of
regular mter blocks and affine blocks, respectively, and default 4-tap interpolation filters can
be used to generate chroma prediction samples of both regular and affine blocks. as shown in
Table 2 to Table 4 described below. However, the default motion interpolation filters do not
present strong low-pass charactenistics. When the resolution of the reference picture ts higher
than that of the current picture, using the default motion inderpolation filters may lead to non-
negligible aliasing, which becomes more severe when the down-sampling ratio 8 increasad.
Correspondingly, 1o improve the miter prediction efficiency of the RPR, dilferent down-
samphing filters can be applied when the reference picture has a higher resolution than that of
the current picture.  For instance, when the down-sampling ratio 1s equal {0 or greater than
151, corresponding B-tap, O-tap and 4-tap down-samphing filters as shown in Table 5 to Table
7 below can be used to generate the corresponding lwma and chroma predichion samples of
regular and affine blocks.

Table 2. the RPR up-sampling filters used for luma prediction of regudar inter blocks

Fractional mterpolation filter coefficients
position PO | P P2 P3 P4 Ps PG | P7
i O i -3 63 4 -2 i 0
2 -1 2 -5 62 & 3 1 0
3 1 3 ~& 1 60 | 13 4 1 0
4 —1 4 10 1 58 i7 -5 i 0
5 -1 4 —11 52 26 -4 3 -1
G -1 3 —5 47 31 =1 4 -
7 1 4 11 45 34 10 4 i
8 —1 4 —11 40 40 | —11 4 -1
9 ~1 4 =10 i 34 45 | -1 4 -1
10 -1 4 =0 1 31 47 | -9 3 -1
11 1 3 4 26 52 11 4 i
12 0 1 5 17 58 10 4 i
27
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13 O i —4 i3 &0 -3 3 —1
14 U i =3 8 62 =5 2 =}
15 G 1 —2 4 63 -3 1 0

Table 3. the RPR up-sampling flters used {or luma prediction of affine blocks

Fractional interpolation filter coefficients

position PO Pi P2 P3 P4 Ps
i | ] 63 4 -2 i
2 1 -5 62 8 -3 1
3 2 ~& 60 13 —~4 1
4 3 =10 58 17 -5 i
5 3 -1 52 26 -3 2
O 2 - 47 31 -10 3
7 3 —11 45 34 -10 3
8 3 —11 440 40 —1i1 3
G 3 —10 34 43 =11 3
10 3 =10 31 47 -~ 2
i1 2 —& 26 52 -1 3
i2 i -5 17 58 10 3
13 { —4 13 G0 —& 2
14 i -3 8 62 ) i
15 i -2 4 63 -3 i

Table 4. the RPR up-sampling filters used for chroma prediction of inter blocks

Fractional mterpolation filter coefficients

sample PO Pi P2 F3
i =1 63 2 O
2 -2 62 4 0
3 -2 60 7 —1
4 -2 58 10 —2
S -3 37 12 -2
6 —4 56 14 -2
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7 —4 53 15 -2
& ~4 54 16 =2
9 -5 53 18 -2
10 -6 52 20 -2
it 6 4G 24 -3
12 -6 46 28 -
13 -5 44 29 -4
14 - 42 30 -4
15 —4 39 33 -4
16 ~—4 36 36 —4
17 4 33 39 4
18 4 30 42 —4
19 —4 29 44 =5
20 —4 28 46 )
21 -3 24 49 ~6
22 -2 20 52 -6
23 2 I8 53 -5
24 -2 16 54 —4
25 =2 i3 35 -4
25 ~2 14 56 —4
27 -2 12 57 -3
28 -2 10 58 -2
29 ~1 7 60 -2
30 0 4 62 -2
31 0 2 63 1

Table 5: the RPR down-sampling filters used for luma prediction of regular inter blocks when

down-sampling ralic is equal to or greater than 1.5:1

Fractional interpolation fiiter coefficients
sample PG Pi P2 P3 P4 P3 P6 P7
O -1 =5 17 47 b7 =5 —1 O
i 0 -5 i5 41 1o =5 -1 b
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2 0 =5 i3 40 21 — -1 {
3 0 =3 i 39 24 4 2 i
4 0 -5 9 38 26 | -3 ~2 i
3 0 =5 7 38 28 -2t -3 i
6 1 =5 5 36 30 | =3 i
7 | —4 3 35 32 0 - i
8 i —4 2 33 33 2 —4 H
9 1 —4 O 32 35 3 -4 i
10 i -3 -1 36 36 S -5 i
1} 1 -3 -2 28 34 7 =5 b
12 i -2 1 -3 26 38 9 -5 it
13 i -2+ 4 i 24 39 11 -5 {
14 U -1 -4 i 2 40 13 =5 G
15 0 —1 =5 19 41 15 -5 {

Table 6 the RPR down-sampling {iiters used for luma prediction of atline blocks when

down-sampling ratic 1s equal to or greater than 1.5:1

Fractional interpolation filter coefficients

sample PO Pl Pz P3 P4 3
0 -4 i7 42 17 -5 -1

i -3 13 41 19 -5 -1

2 -5 i3 40 21 —4 —i

3 -5 11 39 24 —4 -1

4 =5 9 33 26 =3 -1

5 -5 7 38 28 -2 -2

& —4 5 36 30 —1 —Z

7 -3 3 33 32 0 =3

& -3 2 33 33 2 =3

9 -3 0 32 35 3 -3

10 —2 -1 30 36 5 -4

t -2 —Z 28 38 7 =5

12 -1 -3 26 38 G -5

30
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13 -1 —4 24 39 ti =5
14 i 4 21 40 i3 5
15 -1 5 e 41 15 -5

Table 7: the RPR down-sampling filters used for chroma prediction of inter blocks when

down-sampling rafio s equal 1o or greater than 1.5:1

Fractional merpolation filter coefficients

sample PO Pi P2 F3
G 12 40 12 0
1 i 40 i3 0
2 1o 40 15 -1
3 9 40 16 -1
4 g 40 17 —1
3 8 39 18 —1
5 7 39 19 i
7 6 33 21 |
8 5 38 22 -1
9 4 38 23 —1
10 4 37 24 —1
i 3 36 25 0
12 3 35 26 {
13 2 34 28 G
P4 2 33 29 O
s f 33 30 {
16 1 31 31 i
17 O RIY 33 1
18 0 Z9 33 2
19 ) 28 34 2
20 0 26 35 3
21 0 25 36 3
22 -1 24 37 4
23 -1 23 3R 4




WO 2025/006893 PCT/US2024/036027

24 -1 22 38 5
25 | 21 38 6
26 I 19 39 7
27 -1 I8 39 3
28 —1 b7 40 8
29 I 16 49 9
30 i 15 48 i0
31 0 13 44 11

1661067 Although the RPR functionality is supported i the VVC and the ECM, its coding
performance is not optimal. This i1s because the temporal neighboring pictures in different
resolutions may present statistical charactenstics.  For example, when g video block s
predicted from a reference frame with a farger resolution than that of a current video frame,
prediction samples of the video block may usually have obvious aliasing artifacts because of
the Nyquist-Shannon sampling theorem. Therefore, the efficiency of some inter coding tools,
which aim & exploring the correlation between the temporal frames with the same resolution,
may not be equally efficient for the RFR.

[BB187]  On the other hand, teraplate matching {TM) based approaches have become an
important topic i the recent development of video coding techmologies.  Specifically, by
exploiting the computational capabilities at the decoder, the methods utilize the correlation
between a video block and 15 neighboring reconstructed samples to model complex signal
redundancies that exist in inter prediction. For example, an example TM-based scheme (also
referred to as TM-based motion vector derivation) performs a distoriion-guided search between
a template {i.e, adjacent reconstruction sampleg} and reconsiructed samples in the reference
pictures 1 order io obtain inter prediction samples withowt the transmission of motion
wnformation.

j60108]  Consistent with some aspects of the present disclosure, the coding efficiency of
maotion compensated prediction in the RPR can be improved with the application of template-
based coding schemes. Specifically, with reference to FIG. 8, template-based coding schemes
800 may include a template-based adaptive filiering scheme 802, a template-based MVD
prediction scheme 804, a template-based reference index prediction scheme 806. and a
termplate-based merge index reordering scheme 808, For example, when prediction samples

for a video block of a current video frame is predicted from at least one temporal reference
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frame having a resolution different from that of the current video frame, template-based
adaptive {iltering scheme 802 may be applied to improve the quality of the prediction samples.
Filter coefficients of a template-based adapuve filier in scherne 802 can be derived based on
template samples of the video block to reduce the signaling overhead. In another example,
ternplate-based MVD prediction scheme 804 and template-based reference index prediction
scheme 806 mav be applied to reduce the signaling overhead of the motion nformation
associated with reference pictures that are in different resolutions compared to the current video
frame. In vet another example, template-based merge index reordering scheme 808 may he
applied to reduce the signaling overhead of the merge mode when the candidates 1n the merge
candidaie list are associated with reference pictures with different resolutions.

166109 As discussed above. compared to the regular motion compensated prediction,
prediction samples obtained from iemporal reference frames with varving resolutions may
present different charactenistics statistically {e.g , these prediction samples can be referred 1o
as RPR prediction samples). Such difference may lead to poor quality of the RPR prediction
samples when compared to prediction samples obtained from the regular motion compensation
{i.e., prediction samples generaied from temporal reference frames with the same resohution as
the current video frams).

[66118] Consistent with some aspects of the present disclosure, template-based adaptive
filtering scheme 802 can be applied to enhance the RPR prediction samples for the video block.
For example, the RPR prediction samples may be filtered based on a template-based adaptive
filter to generate filtered RPR prediction samples for the video block. Then, a predictive block
{also referred 1o as & prediciion block) can be generated to include the filtered RPR prediction
samples for the video block.

[66111]  In some unplemertanions, the RPR prediction samples for the video block can be
determined based on one or more reference {rames and one or more maotion vectors associated
with the video block. Atleast one of the ong or more reference frames has a resolution different
from a resolution of the video frame. Additionally, template samples of the video block may
be determined. For example, template samples in g lemplaie of the video block may include
{a) reconstructed samples above the video block and/or (b} reconstructed samples on the left of
the video block (e.g.. as depicted i FEG. 9, which is described below) Then, prediction
template samples corresponding to the termnplate samples may also be determined from the one
or more reference frames based on the one or more motion vectors.

[6112] For example, a uni-prediction scheme can be applied to determing the RPR

prediction samples for the video block. The RPR prediction samples may include uni-
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prediction samples determuned from a reference frame based on a motion vecior associated
with the reference frame. The reference {rame may be a reference picture from a first reference
picture list LO or a second reference picture bist L1, and may bave a resolution different from
that of the video frame. Then, prediction template samples may include uni-prediction template
samples, which include (a} reconstructed samples above the RPR prediction samples and/or (b
reconsirucied samples on the lefi of the RPR prediction samples {e.g., as depicted in FIG. 9).
[6G113]  As described above with reference to the RPR process in view of Table 2-Table 4.
a RPR up-sampling filter can be applied 1o generate the uni-prediction samples and the wni-
prediction template samples if a resohution of the video frame i3 greater than the resolution of
the reference frame. Allernatively, with relerence to the RFPR process 1n view of Table 3-Table
7. a RPR down-sampling filter can be applied to generate the uni-prediction samples and the
uni-prediction template samples if the resolution of the video frame is smaller than the
resolution of the reference frame.

[80114]  In another example, a bi-prediciion scheme can be applied to determine the RPR
prediction samples for the video block. Specifically, first RPR uni-prediction samples for the
video block can be determined from a first reference frame n the fivst reference picture hst LO
based on a fivst motion vector Second RPR uni-prediction samples for the video block can be
determined from a second reference frame in the second reference picture list L1 based on a
second motion vector. Then, the RPR prediction samples mayv include bi-prediction samples,
which are determined to be a weighted sum of the first RPR uni-prediction samples and the
second RPR uni-prediction samples {e.g., a RPR prediction sample = wo™a first RPR uni-

prediction sample + w1™a second RPR uni-prediction sample, where wy and w: are weighting
coefficients).

{06118  Subsequently, first uni-prediction template samples may be determined. which
include {a) reconstructed samples above the first BPR umi-prediction samples and/or (b}
reconstructed samples on the left of the first RPR uni-prediction samples. Second uni-
prediction template samples may be determined, which include (a} reconstructed samples
above the second RPR umi-prediction samples and/or (b) reconstrucied samples on the lefl of
the second RPR unt-prediction samples. Then, the prediction template samples may includs
bi-prediction template samples, which are determined to be a weighted sum of the first unm-
prediction iemplaie samples and the second umi-prediction template samples {eg., a bi-
prediction template sample = wo*a first unt-pradiction template sample + wi¥a second unt-
prediction template sample).

[B0116]  Inthe biprediction scheme, the {irst reference frame may have aresolution different
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from that of the video frame. Altematively, the second reference frame may have a resolution
different from that of the video frame. Altematively, each of the first and second reference
frames may have a resolution different from that of the video frame. The resolution of the first
reference frame may be the same as or different from the resolution of the second reference
frame, which is not Himited herein. As described above with reference to the RPR process in
view of Table 2-Table 7, a RPR up-sampling filter or a RPR down-sampling filter can be
applied to generate the first uni-prediction samples {as well as the first uni-prediction template
samples}, depending on whether the resolution of the video frame s greater than or smaller
than the resolution of the first reference frame. Similarly, a RPR up-sampling filter or a RPR
down-sampling filler can be applied to generate the second um-prediction samples {as well as
the second uni-prediction template samples). depending on whether the resolution of the video
frame 1s greater than or smaller than the resolution of the second reference frame.

{38117}  In some implementations, the template-based adaptive filter moay be a hinear filter
For example, the RPR prediction samples can be filiered by the template-based adaptive Glter

according to the following expression:
{H-1) {L—-1)

‘_ (z-1) f(lsj> # P?*pr(x """ i;)’ ""j)~ (1)

[30118] In the above expression (1), £.,.{x, v} denotes a RPR prediction sample for a
sample position {(x,v); F',,-(x,¥) denotes a filtered RPR prediction sample obtained by
applving the template-based adaptive filter to the RPR prediction sample £, (x, ¥} and

F{i, j¥'s denote a set of filter coefficients of the template-based adaptive fiiter that are applied

1

- X

. . . . . .. .o H-1 o
1o a H # L peighboring region of each mdividual prediction sample, where —— < i <

L-1 . L1

and ——— < j <

66119 In some implementations, the set of filter coefficients can be determined based on
the template samples and the prediction template samples. For example, with reference to FIG.
9, a template 904 of a video block 902 in a video frarne 19 llustrated. Template samples m
template 904 may include reconstructed samples above video block 902 and reconstructed
samples on the lefi of video block 902 (1.¢., neighboring reconstructed samples on top of video
block 902 and neighboring reconstructed samples on the lefl of video block 902) RPR
prediction saroples 906 {eg.. RPR uni-prediction samples) and prediction template samples
908 (e.g , urt-prediction template samples) from a reference frame are also illustrated in FIG.
S for video block 902, For example, prediction template samples 908 may include

reconstructed samples above RPR prediction samples 906 and reconstructed samples on the
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left of RPR pradiction samples 906, For example, prediction template samples 908 may be
cotresponding RPR prediction samples of the template samples based on the RPR-based
motion cormpensation. Up-sampling or down-sampling may be applied to generate prediction
template samples 908, depending on whether the resolution of the reference frame 1s smaller
than or greater than the resolution of the video frame {e.g., as illustrated below in FIG. 10).

80120  With reference to FIG. 9, the set of filter coefficients {{i, f}’s can be determined by
filter derivation 910, which munimuzes the difference between the template samples of template
904 and prediction template sarmples 908 to reduce the signaling overhead. For example, filter

coefficients f{i, /}’s can be determined by the following expression:

f* W arg min Ew EvlT(X j’)’ "' T’?"pr(xu Vja— ==
2

i-1) ot | {2}
arg ,}’niﬁ Z‘L Ey (Zi__(n..;) Z i_l_—()j..j) f (I/;]) X Trp?”(¥ - il V - }}) - r‘!h(x! V) .

[B0121]  In the above expression {2), T{(x, y) denotes a template sample of template 904 for
a sample position (x,y) . and T, {(x,y) denotes a prediction templaie sample 908
corresponding to T{x,v}. In the above expressions (1} and {2). onlv scaling factors are
considered in the filtering process. Tt is contemplated that an offset term and ane or more non-
linear terms can also be introduced into the template-based adaptive filter to improve the coding
efficiency. It is also contemplated that various template-based adaptive Glters with different
sizes and shapes mav be applied to provide different trade-offs between coding performance
and complexity. A larger-size filter can make the prediction template samples better approach
to the template samples but at the expense of increased computational complexity.

60122]  Also referring to FIG. 9, after denving the filter costlicients, adaptive filtering 912
can be applied to filter RPR prediction samples 906, so that filtered RPR prediction samples
914 can be generated. For example. the above expression (1) can be applied to generate filtered
RPR prediction samples 914,

[B6123] 1 1s noted that F1G. 9 15 illustrated based on an assumption that there is a simgle
motion vector associaled with the video block (e, uni-prediction). Consistent with some
aspects of the present disclosure, template-based adaptive filtering scheme 302 of FI(. 8 can
alse be applied 1y a scenario where there are two motion veciors associated with the video
block (e.g., bi-prediction).

[36124] In some implementations, template-based adaptive filtering scheme 802 can be
applied in a bi-prediction scenario based on (a} RPR bi-prediciion samples of the video block

and (b} bi-prediction template samples of the video block. For example, the RPR bi-prediction
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samples and the bi-prediction template samples of the video block can be determined based on
the first and second motion vectors from the first and second reference frames, respectively, as
described above m more detail. Then. the set of filter coefficients f{{,/)’s can be determined
based on the template samples and the bi-prediction template samples {e.g., by minimizing the
difference between the bi-prediction template samples and the templaie samples as illustrated
in the above expression (2. Nexi. the derived filter coefficients f{i,j)’s can be apphied to
filter the RPR bi-prediction samples of the video block, as illustrated in the above expression
(1), to generate filtered RPR bi-prediction samples of the video block.

[B6128]  In some implementations, templaie-based adaptive filtering scheme 802 can be
apphied in the bi-prediction scenario based on one or more of the [ollowing: (1) {urst RPR uni-
prediction samples of the video block m a first prediction direction: {2} second RPR uni-
prediction samples of the video block in a second prediction direction; {3) first umi-prediction
template samples of the video block n the first prediction direction; and (4} second umi-
prediction template samples of the video block in the second prediction direction. Without loss
of generality, in the description heremafier, the first prediction direction may refer io a
prediction direction associated with the first reference picture list L0, whereas the second
prediction direction may refer to a prediction direction associated with the second reference
picture list L1, ¥t 18 contemplated that the first prediction direction can also be the prediction
direction associated with the second reference picture list L1, whereas the second prediction
direction can be the prediction direction associated with the first reference prchure list 1O
[66126] Specifically, the template-based adaptive filter may include a first filier for the first
prediction direction and a second filter for the second prediction direction. The first RPR um-
prediction samples of the video block mayv be filtered based on the {irst {filter 1o generate {irst
filtered RPR prediction samples. The second RPR um-prediction samples of the video block
may be filtered based on the second filter (o generate second filiered RPR prediction samples.
The first filtered RPR prediction samples and the second RPR prediction samples can be
combined to generate the filtered RPR prediction samples.

[60127]  The set of filier coefficients of the template-based adaptive filier may include a first
set of filter coefficients for the first filter and a second set of filter coefficients for the second
filter. The first set of filter coefficients and the second set of filter coefficients can be
determined based on the termplate samples, the first uni-prediction template samples, and the
second uni-prediction emplale samples, as described below in more detail,

[6G128] Forexample. two adaptive filter operations can be applied in a unilateral manner as

follows: (a) the first set and the second set of filter coefficients can be separately derived, and
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then applied to the first RPR uni-prediction samples and the second RPR uni-prediction
samples 1o generate first {iltered RPR umi-prediction samples and second filtered RPR uni-
prediction saroples, tespectively: and (b) a weighted swu {e.g., an average) of the first and
second filtered uni-prediction samples can be generated as filtered RPR prediction samples for
the video block. For example, the following expression can be applied to generale the filtered
RPR prediction samples:

n90

£ rpr(x; }’) = .r.{_,.é Z f()(iu]} X an(k —Ly ~j>

Pl y) = Z 2 IACHENCEES A )
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[66129] 1In the above expression (3), /(4,775 and £(6. 3 7s denote the first set of filter
coefficienis for the first filter and the second set of Oler coefflicients for the second filter,
respectively. P (x, v} and B, (x, v} respectively denote a first RPR uni-prediction sample
and a second RPR wi-prediction sample for a sample (x, v) of the video block before the first
filter and the second filter are applied. P"?p,.( x, v and P,.’,;;.( x,y) respectively denote a first
fittered RPR uni-prediciion sample and a second filtered RPR uni-prediction sample for the
sample (x, v) of the video block.

[66138]  Different filter derivation methods may be used to estimate the first set of filter
coefficients f5(¢, j)'s and the second set of filter coeflicients (1, i}'s. Inafirst filter derivation
method. the two sets of filter coefficienis can be deternuned separately. Specifically, the first
filter denivation method may include: (a) generating the first uni-prediciion template samples
and the second uni-prediction lemplale samples, respectively, by performing operations hike
those described above: (b} determining the first set of filter coefficients f3 (i, /)’s based on the
template samples and the st um-prediction template samples, ¢.g.. by svnimizing the
difference between the templale samples and the frst uni-prediction template samples as
tHustraled in the expression (2); and (¢) determuning the second set of filter coefficients
£i (%, i¥'s based on the template sampies and the second uni-prediction template samples, e.g.,
by nuninuzing the difference between the template samples and the second umi-prediction
samples as shown in the expression (2).

[B6131] In a second flter denvation method, an iterative scheme can be apphed to
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alternatively determine the first set of filter coefficients [ (4, j)’s and the second sel of filter
coeflictents f7{i,7}’s. For example, the second filter derivation method may aliemnatively
optimize one of the first and second filters for one of the first and second prediction divections,
while keeping another one of the first and second filters 1n another one of the first and second
prediction directions unchanged. The second filter derivation method may include steps 1-6
described below.

[80132]  fustep L, given a starting prediction direction L initial filter coefficients f (o) Can
be derived for the siarting prediction direction by nunirizing the difference {or distortion)
between the uni-prediction template samples 7 associated with the starting prediction
direction and the template samples T of the video block {e.g., as shown 1 the expression {2)).
301331  In a first example, the starting prediction direction 15 the first prediction direction
assoctated with the first reference pichwe list L0, eg., L9 = 0. The uni-prediction template
samples T, o) 15 Ty, which are the first uni-prediction template samples i the first prediction
direction. The mibal filier coefficients j ,m are f ‘) . which are inifial filter coefficients for the
first filier, derived by mimumizing the difference between the first uni-prediciion {emplate
samples Ty and the template samples T of the video block.

[36134] In a second example, the starting prediciion divection 1§ the second prediction
direction associated with the second reference picture list L1, e.g., L® = 1. The uni-prediction
template samples Ty 15 77, which are the second uni-prediction templaie samples i the
second prediction direction. The mnitial filter coefficients f (,) are ;“ Y which are initial filter
coefficients for the second filter, derived by minimizing the ditference between the second uni-
prediction template samples T, and the template samples T of the video block.

60135  In siep 2, based on the inttal filler coefficients [L‘? the filtered um-prediction

template samples 7¢ uﬂ are calculated. An tteration parameter k issetto be 1 {e.g. k =1} For

example, the filtered uni-prediction template samples T \m , can be generated by filiering the

uni-prediction template samples T (o) using the mutial filter coefficients f ‘, 1)\

[6G136] For instance, following the first example above, the filtered uni-prediction template
samples T (, 0’ are the first filtered wu-prediction template samples TC_(O} in the first prediction
direction. For instance, following the second example above, the filtered wm-prediction
termplate samples Tﬁo\ are the second filtered uni-prediction template samples T( Y in the

second prediction divection.
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[60137]  In step 3, a targel prediction direction is selected to be L) = 1 — L%V Target

template samples T of the video block can be calculated by subtracting the filtered wni-

prediction T (fjj from the template samples T of the video block. For example, T%) = T —
k1)
F.L(k‘/‘/‘"

[66138] For example, if LY = 0, then L™ = 1, indicating that the target prediction
direction is the second prediction direction. Then, T¢) = T - T(fk"”. In another example, 1f
L0 = 1 then LY = 0, indicating that the target prediction direction is the first prediction
direction. Then, TV =7 — Tl(k*l),

[B0139]  In step 4, the flter costBicients j;{f) for the target prediction direction L™ are
derived by manimizing the difference (or distortion) between the umi-prediction template
samples T, (v in the prediction direction LU and the target template samples T,

[66140] Forexample, if L9 = 1. indicating thal the target prediction direction is the second
prediction direction, the filter coelficients ff’;; are {ilter coefficients fj"‘ for the second Glter
and obtained by nunimizing the difference between the second uni-prediction template samples
T, and the target template samples TY In another example. if L% = (1, indicating that the
target prediction divection 1s the {irst prediction direction, the filter coefficients i;(xk) are {ilter

coeflicients fc_( * for the first filter and obtained by minimizing the difference between the first

uni-prediction template samples T, and the target template samples 79
[66141] In step S, based on the filter coefficients f,({ii, the filtered uni-prediction template

() : _ , (K
samples I;{k}, can be calculated. Forexample, the filtered umi-prediction tempiate samples ;’]L,\ i

can be generated by filtenng the umi-prediction template samoples T, using the filfer
coefficients ff’g

[66142]  In step 6. the ieration parameter k is incremented by | {e.g., k=k+1). The method
returns 1o step 3.

[66143] lterations in the second [flter denvation method may be lerminated when a
ternmunation condition is satisfied  For example. when the number of iterations reaches a
threshold, the second filter derivation method may be terminated. 1 is contemplated that
different number of iterations may be applied to the second filter dertvation method. In general,
more ilerations may lead o a smaller distortion between the template samples and the

prediction template samples (i.e., better coding gain) which mav come af the expense of higher
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computational complexity.

[60144] I 1s contemplated that hinear terms and/or non-linear terms can be included in the
template-based adaptive filter. In practice, filters with different lengths may be applied {or
varving the trade-off between coding performance and computational complexaty. A longer
flter can make the prediction {emplate samples better approach 1o the template samples but at
the expense of increased computational complexity. In one example, a 2-tap lingar model (i.¢.,
one scaling factor and one offset) can be used in the template-based adaptive filter

[661458] (onsistent with some aspects of the present disclosure, template-based MVD
prediction scheme 804 can be applied {o reduce the signaling overhead. In the VVC and us
preceding siandards, nstead of duectly signaling the motion vectors, the MVDs can be
transmiitted in a bitstream. The MVDs can be coded by the equal probability (EP) mode and
take up alarge portion of the bitstream. Template-basad MV D prediction scheme 804 disclosed
herein can be applied to improve the MV D coding efficiency {or the RPR scenario.

[38146]  On the encoder side, a basic idea of scheme 804 15 1o sort the possible combinations
of MVD signs and most significant suffix bins of an MVD according to template costs, and
then an index of the true MV D value 15 coded with a contest model and signaled to the decoder
For example, for a motion vector associated with the video block, an MVD can be determined
based on the motion vector and an MVP (e g.. MVD = motion vector - MVP}). A template-
based MVD reordering scheme may be applied to generate a reordered MV D candidate list,
Then, an MV D index of the MV in the reordered MVD candidate hist can be determined and
signaled to the decoder

[60147] To apply the template-based MV D reordering scheme to generate the reordered
MV candidate list, imtially, alist of MVD candidates can be produced based on a combination
of potential MVD signs and most signilicant suffix bins of the MVD. For exarople, a hst of
MVD candidates can be generated based on the combination of all possible MVD signs and
most significant suffix bins of the MVD. Next, tempiate costs associated with the MVD
candidates can be determined respectively. For example, for each MVD candidate in the hist,
a templaie cost associated with the MVD candidate can be determined by (1) delermining
template samples of the video block; (2} deternuning a motion vector candidate based on the
MVD candidate and the MVP: (3) determining prediction template samples of the video block
from a reference frame based on the motion vector candidate; and (4) determining a meiric
difference {e.g.. an SAD, or an S5} between the template samples and the prediction template
samples as a lemplaie cost associated with the MVD candidate.  Subsequently, the MVD

candidates i the list can be sorted based on their respective template costs 10 generate the
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reordered MVD candidate list. For example, the MVD candidates can be sorted in the
ascending order of their respective template cosis 1o generate the reordered MVD candidate
list.

[63148]  In other words. on the encoder side, template-based MV D prediction scheme 804
may include: (&) producing alist of MV D candidaies based on a combination of potential MVD
signs and most significant sulfix bins of the MVD; (b) delerminung template costs associated
with the MV D candidates in the list. respectivelv; (¢} sorting the MV D candidates based on the
template costs to generate the reordered MV D candidate hist; {d) determining an MVD index
of the MVD in the reprdered MVD candidate hist; and (¢) signaling the MVD mmdex to the
decoder.

1661491 On the decoder side. template-based MV D prediction scheme 804 may include: {1}
applving a template-based MV D reordering scheme to generaie a reordered MV D candidate
List; and (31) selecting, based on an MV D index signaled by the encoder, an MVD candidate
from the reordered MV candidaie list as an MY D for a motion vector. For example, the MVD
can he derived at the reconstruction stage by: {a) producing a list of MV D candidates based on
a combmation of polential MVD signs and most significant suffix bins of the MVD:; (b}
determining template costs associated with the MVD candidates in the list, vespectively; {¢}
sorting the MVD candidates based on the template cosis to generate the reordered MVD
candidate list; and (d) selecting an MV D candidate from the reordered MVYD candidate list as
the MV for the motion vector based on an MVD index signaled by the encoder.

[B6180]  In template-based MVD prediction scheme 804, according (o a resolution of a
reference frame that an MV D candidate is associated with, different motion compensated filters
may be applied to generate the prediction template samples of the video block. For example,
as shown wn FIG 10, an MVD candidate A 1s associated with a relerence picture having a
different resolution from the current video frame {e.g., having a resolution greater than that of
the current video frame}. Then, a RPR down-sampling filter can be applied to generate the
corresponding prediction teraplate samples. In another example, an MVD candidate B in FIG.
10 1s associated with another reference picture having a duferent resolution from the current
video frame (e g.. having a resolution smaller than that of the current video frame). Then, a
RPR up-samphng filler can be applied to generate the corvesponding prediction template
samples. On the other hand, MVD candidates C and D in FIG. 10 are associated with reference
pictures with the same resolution as the current video frame.  Then, default motion
compensation (MC) filters (with no up-sampling and no down-sampling} can be apphed to

generate the corresponding prediction template samples,
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[66151] Consistent with some aspecis of the present disclosure, template-based reference
mdex prediction scheme 206 may be apphied o reduce the signaling overhead of reference
mdices for the RPR. On the encoder side, for a reference frame corresponding to a motion
vector, a template-based reference index reordering scheme mav be applied to generate a
reordered joint list of reference pictures. Then, a reference piciure index (also referred to as a
reference index {or simplicityy of the reference {rarme in the reordered joini list of reference
pictures may be determined and signaled 1o the decoder.

[66152] In some implementations, o apply the template-based reference index reordering
scheme to generate the reorderad joini hist of reference pictures, muiially, reference pictures
from a first reference picture list and reference pictures from a second reference picture list
may be combined into a joint list of reference pictures. Then, motion vector candidates can be
generated based on the MVE and MV Ps generated from reference pictures in the joint hist
Nexi, templale cosis associated with the reference pictures in the joint hist can be determined
based on the motion vector candidates. respectively, For example, for cach motion vector
candidate associated with a reference pictiwe in the list, a template cost associated with the
motion vector candidate can be determined by (1) determiming template samples of the video
block; {2} determining prediction ternplate samples of the video block from the reference
picture based on the motion vector candidate; and (3} determining a metric difference (e.z., an
SAD, or an SSD} between the template samples and the prediction template samples as a
ternplate cost assoctated with the reference picture. Subsequently, the reference pictures in the
joint list can be sorted based on their respective template costs to generate the reordered joint
list. Forexample, the reference pictures in the joint list can be sorted according to the ascending
order of their respective template costs to generate the reordered joint hist.

1601531 In some examples, for the mier AMVP mode, the reference pictures in the first
reference picture list L0 and the reference pictures in the second reference picture list L1 can
be combined to generate a joint list. Then. a group of the motion vector candidaies can be
generated by the combination of the MVD and the AMVP predictors that are generaied from
the reference pictures in the joiot List. A respeclive template cost can be calculated {or cach
maotion vector candidate associated with a respective reference picture. Afterwards, the joint
hist 1s reordered based on the ascending order of the template costs associated with the reference
pictures, respectively. The index of the selected reference picture (which 1s the reference frame
assoctated with the MVD)} in the reordered list is signaled in the bitstream. For the bi-prediction
AMYP mode, alist of pairs of reference pictures from the first reference picture list LO and the

second reference picture hist L1 can be generated. The pairs of reference pictures can be
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similarly reordered based on respective template costs associated with the pairs of reference
pictures. An index of the selected pair of reference pictures (which are the reference frames
associated with two MV Dy of two motion vectors of the video block, respectively) is signaled
to the decoder

[36154] In some other implementations, to apply the template-based reference nde
reordering scheme to generale the reordered joini list of relerence piclures, inttially, reflerence
pictures from a first reference picture hist and reference pictures from a second reference pictre
tist can be divided mto one or more groups of reference pictures. Then, one or more reordered
hists of reference pictures can be generated by applyving the femplate-based reference index
reordering scheme to cach group of reference pictures to generate a corresponding reordered
fist of reference pictures. Next, the one or more reordered lists of reference pictures can be
combined to generate the reordered joint list of reference pictures.

[BG188]  For example. as discussed above, temporal reference pictures with different
resolutions may present varying characteristics which may lead to sigmificant quality variations
of the prediction samples generated from different pictures. With the consideration of such a
phenomenon, a group-based reference index prediction scheme can be applied. Specificaily,
the reference pictures in the first reference picture list LO and the reference pictures m the
second reference picture lisi L1 are divided into two groups. The first group includes reference
pictures from the list L0 and reference pictures from the list L1 that have the same resolution
as the current video frame. The second group mcludes reference pictures from the list LO and
reference pictures from the bist L1 each of which has a resolution different from that of the
current video frame. Then, the template-based reference index reordering scheme can be
applied {0 reorder the two groups of reference pictures separately in the ascending order of
their respective teraplate costs. Afterwards, the two reordered groups of reference pictures are
combined to form a reordered joint hist of reference pictures. The mdex of the selected
refersnce picture {which is the reference frame associated with the motion vector of the video
block) in the reordered joint Hist is signaled from the encoder to the decoder.

[B8186] The first ordered group of relerence pictures (i.e., the reference pictures with the
same resolution as the current video frame) may be placed ahead of the second ordered group
of reference pictures (1 e, the reference pictures with different resolutions to the current video
frame) in the reordered joint list. Alternatively, the second ordered group of reference pictures
may be placed ahead of the first ordered group of reference pictures.

[B6157] In another example, the reference pictures from lists L0 and L1 can be grouped

according to their respective resolutions, such that reference pictures with the same resolution
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can be placed mio the same group. Then, the template-based reference index reordering
scheme may be applied to each group of reference piclures separately. Afterwards, all the
reordered groups of reference pictures can be combined 1o form the reordered jount Iist of
reference pictures. Dhfferent orders may be applied when combining different reordered groups
of reference pictures into the reordered joint list.  For instance, the reordered groups of
reference pictures are combined according 1o the resolutions of the different groups, such that
a reordered group with a smaller resolution difference from the cwrent video frame can be
placed ahead of another reordered group with a larger resolution difference from the current
video frame.

[66158] On the decoder side, template-based reference index prediction scheme 80G may
include. for a reference frame corresponding 0 a motion vector. {1} applying a template-based
reference index reordering scheme to generate a reordered joint list of reference pictures. and
(11) selecung, based on a reference picture ndex signaled by the encoder, a reference picture
from the reordered joint 1ist as the reference frarse for the motion vector. The reordered joint
list of reference pictures may be generated by performing operations hike those described above
with reference to the encoder side, and the similar description will not be repeated herein.
[66159]  Consistent with some aspects of the present disclosure, template-based merge index
reordering schame 808 may be applied to reduce the signaling overhead of the merge index.
Similar {0 the inter AMVYP mode, a candidate list in the merge mode may include merge
candidates thai are associated with the temporal reference pictures with different resohutions.
Due to the varving statistical charactenisiics of different RPR reference pictures, templata-
based merge index reordering scheme #08& can be applied to reduce the signaling overhead
[66156] Omn the encoder side, for each molion vector corresponding to a respective MVP,
templaie-based merge index reordering scheme 808 may be applied to generate a reordered
merge list of merge candidates. For example, the following operations may be performed to
generate the reordered merge list of merge candidates, including: (&) producing a list of merge
candidates; (b} determining template costs associated with the merge candidates in the merge
list, respectively: and (¢} sorting the merge candidates in the Iist based on the templaie costs o
generate the reordered merge list of merge candidates. Then. a meree mdex of a merge
candidate corresponding to the respective MVP in the reordered merge list may be determined
and signaled 1o the decoder.

[36161] In some implementations, an initial merge candidate list can be constructed
according 1o a merge list generation process described above with reference o the inter merge

mode to include spatial MVPs, temporal MVYPs, non-adjacent MVPs, historv-based MVPs,
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pairwise average MVPs, and rero MVPs as MVP candidates in the list, Next, the MVP
candidaies in the initial merge candidate list can be reordered according to their templale costs.
The ndex of the selected merge candidate (which is an MVP associated with a motion vector
of the video block) in the reordered candidate list is signaled from the encoder to the decoder.
Like FIG. 10, based on the resolution of the reference picture associated with a corresponding
merge candidate, either RPR up-sampling or down-sampling [lters or default motion
compensated filters mayv be applied to generate prediction template samples from the reference
picture.

[86162] Om the decoder side, to determune an MVP associated with a motion vegior,
template-based merge index reordering scheme 808 may be applied to generate a reordered
merge hist of merge candidates at feast by: {a} producing a list of merge candidates: (b}
determining template costs associated with the merge candidates 11y the merge hist, raspectively;
and {¢) sorting the merge candidates in the list based on the templale costs to generaie the
reordered merge list of merge candidates. Then, a merge candidate from the reordered merge
list is selected as the MV P for the motion vector based on a merge index signaled by the encoder.
[66163] FIG 11 1s a low chart of an exemplary method 1100 for video coding based on
template-based coding schemes 1 accordance with some implementations of the present
disclosure. Method 1100 may be implemented by a processor associated with video encoder
20 or video decoder 30 {e.2., method 1100 may be implemented on the encoder side or the
decoder side), and may include steps 1102-1106 as described below. Some of the steps way be
optional to perform the disclosure provided herein.  Further, some of the steps may be
performed simultanecusly, or in a different order than shown in FIG. 11

[68164] In step 1102, as shown m FIG 11, the processor may deieroving RPR prediction
samples for a video block from a video frame of a video. For example, the processor may
determine the RPR prediction samples based on one or more reference frames and motion
information associated with the video block. The motion information may inciude at lgast one
or more motion vectors and one or more reference preture indices corresponding to the one or
more reference frames, respectively. At least one of the one or more relerence {rames has a
resohution different from a resolution of the video frame.

[66165] In some implementations, a uni-prediction scheme or a bi-prediction scheme is
applied to determune the RPR prediction samples {or the video block. The processor may
perform operations like those described above with reference to FIG. 8 1o determine the RPR
prediction samples, and the similar description will not be repeated herein.

[B6166] In step 1104, the processor may {ilter the RPR prediction samples based on a
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template-based adaptive filter to generate filtered RPR prediction samples for the video block.
For example, template-based adaptive filtenng scheme 802 desenibed above with reference to
F1G. § can be apphied 1o generate the filtered RPR prediction samples for the video block, and
the similar description will not be repeated herein.

[B0167]  In step 1106, the processor may deternune a predictive block including the filtered
RPR prediction samples for the video block. On the encoder side, the predictive block may be
used to generate a bitstream as described above with reference to FIG. 2. In another example,
on the decoder side, a bitstream can be decoded based on the generated predictive block as
described above with reference to FIG. 3.

[60168] FiGs. 12A and 12B together show a flow chart of an exeraplary method 1200 for
vider encodmg based on template-based coding schemes in accordance with some
imnplementations of the present disclosure. Method 1200 may be implemented by a processor
associated with video encoder 20, and may mclude steps 1202-1222 as described below. Some
of the steps may be optional to perform the disclosure provided herein. Further, some of the
steps may be performed simultaneously, or in a different order than shown in FIGs. 12A and
12B.

160169 In step 1202, as shown in FIG. 12A, the processor may deteroune one or more
motion vectors for a video block from a video frame of a video. For example, if a uni-prediction
scheme is applied in the video coding, the processor may determine a motion vector for the
video block by performing operations like those described above with reference to motion
estimnation umit 42 of FI(z 2. Alternativelv. if a bi-prediction scheme is applied in the video
coding, the processor may determing a {irst motion vector in a {irst prediction direction and &
second motion vector in a second prediction direction for the video block, by performing
operations like those described above with reference to ymotion estimation unit 42 of FIG 2
The similar description will not be repeated herein,

[66178]  In siep 1204, as shown in FIG. 12A, the processor may determine ong or more
reference {rames corresponding to the one or more motion vectors for the video block. For
exampie, if a uni-prediction scheme s applied 1o the video coding, the processor may determine
a reference frame corresponding 10 a motion vector of the video block from either the first
reference pichure list LO or the second reference picture hist L. Motion information can be
generated to include the motion vector and a reference picture index associated with the
reference frame.

301711 Alternatively, if a bi-prediction scheme is applied in the video coding, the processor

may determine a first reference frame associated with a first motion vecior from the frst
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reference picture hist LO and a second reference frame associated with a second motion vector
from the second reference picture list L1 for the video block. Motion mformation can be
generated to include the first rootion vector, the second rootion vecior, a first reference picture
index associated with the first reference frame, and a second reference picture index associated
with the second reference frame.

[B0172]  Instep 1206, as shown in FIG. 12A, the processor may deiermine RPR prediction
samples for the video block based on the one or more motion vectors and the one or more
reference frames. The processor mav perform operations like those described above with
reference to FIG. 8 1o determine the RPR prediction samples, and the stimilar description will
not be repeated herein.

1661731 In step 1208, as shown in FIG. 124, the processor mayv filter the RPR prediction
samples based on a template-hased adaptive filter to generate filtered RPR prediction samples
for the video block. For example, template-based adaptive filtering scheme 802 described
above with reference to FIG. 8 can be applied o generate the {iltered RPR prediction samples
for the video block, and the simular description will not be repeated herein,

{66174 Instep 1210, as shown m FIG. 12A, the processor may determine a predictive block
mcluding the fltered RPR prediction samples for the video block.

I66175]  In step 1212, as shown in FIG. 12A, the processor may deternune ong or more
MYPs corresponding {o the one or more motion vectors, respectively. For example, the
processor may determine the oune or more MVPs as one or more merge candidates from a merge
candidate list.

[8G176] In step 1214, as shown in FIG. 12A, the processor may determine one or mors
MVDBs corresponding 1o the one or more motion vectors based on the one or more MVPs,
respectively. For example. {or each motion veclor, a corresponding MVD can be a difference
between the motion vector and a corresponding MVP

[60177] Refernngto FIG. 12B, instep 1216, the processor may determine one ot more MVD
mdices of the one or more MVDs, respectively. For example, for each MVD, the processor
may apply a template-based MVD reordering scheme Lo generale a reordered MV D candidale
tist at least by (a) producing a list of MV D candidates based on a combination of potential
MV signs and wost significant suffix bins of the MVD; (b) determining template costs
associated with the MVD candidates, respectively; and {¢} sorting the MVD candidates based
on the template costs to generate the reordered MVD candidate Hst. The processor may
determine an MVD index of the MVD in the reordered MV D candidate list.

[B0178]  In some implemeniations, operations like those descnibed above with reference 1o
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template-based MV prediction schemse 304 of FIG. 8 can be performed to deternine the one
or more indices of the one or more MVDs, respectively. The simular deseniption will not be
repeated herein.

160179 In step 1218, as shown in FIG. 128, the processor may determine one or niore
reference indices of the one or more reference frames, respectively.  For example, for a
reference frame corresponding o a mobion veclor, the processor may apply a template-based
reference index reordering scheme 10 generate a reordered joint list of reference pictures, and
determine a reference picture index of the reference frame in the reordered joint hist.

[BG180G]  In some implementations, 10 generate the reordered joint list of reference piciures,
the processor may combine reference pictures from a first reference picture list and reference
pictures from a second reference picture list umo ajoint list of reference pictures. The processor
mayv generate motion vector candidates based on the MV D and MV Ps generated from reference
pictures in the joint list. The processor may determine termplate costs associated with the
reference pictures 1o the jout list based on the motion vector candidates, respectively. The
processor may soit the reference pictures in the joint list based on the template cosis to generate
the reordered joint list,

[66183]  In some implementations, 1o generate the reordered joint list of reference pictures,
the processor may divide reference pictures from a first reference picture list and reference
pictures from a second reference picture st inlo one or more groups of reference pictures. The
processor may generate one or more reordered lists of reference pictures by applving the
template-based reference index reordering scheme to each group of reference pictures 1o
generate a corresponding reorderad list of reference pictures. The processor may combine the
one or more reordered lists of reference pictures to generate the reordered joint list of reference
piciures.

[66182] In some implementations. operations like those described above with reference to
template-based reference index prediction scheme 806 of FIG. 8 can be performed to determine
the one or more reference indices of the one or more reference frames, respeciively. The stmilar
descriplion will not be repeated herein

{66183} Instep 1220, asshown in FIG. 128, the processor may determing one or more merge
indices associated with the one or more MVPs, respectively. For example, for each MVP
corresponding o a respective motion vector, the processor may apply a ternplate-based merge
index reordering scheme to generate a reordered merge hist of merge candidates at least by {a)
producing a list of merge candidates; (b} determining template costs associated with the merge

candidates i the Bist, respectively; and (¢) sorting the merge candidates in the merge list based
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on the template costs 10 generate the reordered merge list of merge candidates. The processor
may determine a merge index of a merge candidate (which cosresponds 1o the MVP) in the
reorderad merge hst.

[63184] In some implementations, operations like those described above with reference to
ternplate-based merge imdex reordening scheme 808 of FIG. 8 can be performed to determine
the one or more merge indices. The similar deseription will not be repeated herein

[6G185] Instep 1222, as shown in FIG. 128, the processor may signal the one or more MV D
indices, the one or more reference indices, and the one or more merge indices to a decoder.
[6G186] FIG. 13 15 4 flow chart of an exemplary method 1300 for video decoding based on
template-based codimg schemes o accordance with some implomentations of the present
disclosure. Method 1300 may be implemented by a processor associated with video decoder
30, and mav mclude steps 1302-1316 as described below. Some of the sieps mav be optional
to perforo the disclosure provided herein.  Further, some of the steps may be performed
simultancously, or in a different order than shown 1w FIG. 13

[60187] In step 1302, as shown in FIG. 13, the processor may receive one or more MVD
mdices, one or more reference mdices, and one or more merge indices from an encoder. For
example, the processor may receive the one or more MVTY indices, the one or more reference
indices, and the one or more merge mdices through a bitstream sent by the encoder.

[30188] Instep 1304, as shown in FIG. 13, the processor may determine one or more MVDs
based on the one or more MVD indices, respectively. For example, for each MVD
corresponding to a motion veactor, the processor may apply a template-based MV D reordering
scheme to generate a reordered MVD candidate Hst at teast by {a) producing a list of MV D
candidates based on a combination of potential MVD signs and most significant suffix bins; (b)
determining template costs associaied with the MV D candidates, respectively; and (¢) sorting
the MV D candidates based on the template costs to generate the reordered MV D candidate list.
The processor may select an MVED candidate from the reordered MVD candidate list ag the
MV D for the motion vector based on a comresponding MY D index signaled by the encoder.
[B0189] o some wnplementations, operaiions ke those described above with reference 1o
template-based MV prediction scheme 804 of FIG. 8 can be performed to determine the one
or more MV Ds based on the ong or more MV indices, respectively. The similar description
will not be repeated herein,

861981 In step 1306, as shown in FIG. 13, the processor may determine one or more MV Ps
based on the one or more merge indices, respectively.  For example. for each MVP

corresponding o a respective motion vector, the processor may apply a template-based merge
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index reordering scheme {0 generate a reordered merge hist of merge candidates at least by (a)
producing a hist of merge candidates; (b) determining template costs associated with the merge
candidates in the list, respectively: and {¢) sorting the merge candidates in the list based on the
template costs 0 generate the reordered merge list of merge candidates. The processor may
select 2 merge candidate from the reordered merge list as the MVP {or the respective motion
vector based on a corresponding merge index signaled by the encoder,

{66191} In some implementations, operations like those described above with reference 1o
template-based merge index reordering scheme 308 of FIG § can be performed to determine
the one or more merge indices. The simular description will not be repeated herein,

60192 Instep 1308, as shown in FIG. 13, the processor may determine one or more molion
vectors based on the one or more MVDs and the one or more MVPs, respectively.

661931 In step 1310, as shown in FIG. 13, the processor may determine one or more
reference frames based on the one or more reference indices, respeciively. For example, for
each reference frame corresponding 1o a respeciive motion vector, the processor may apply a
template-based reference index reordering scheme to generate a reordered joint list of reference
pictures, and select a reference picture from the reordered joint hist as the reference frame for
the motion vector based on a corresponding reference picture index signaled by the encoder
[60194] In some implementations, operations like those described above with reference to
template-based reference index prediction scheme 806 of FIG. 8 can be performed o determine
the one or more reference indices of the one or more relerence frames, respectively. The simular
description will not be repeatad herein.

[60195] In step 1312, as shown m FIG. 13, the processor may determine RPR prediction
samples for the video block based on the one or more motion vectors and the one or more
reference {rames. The processor may perform operations like those described above with
reference to FIG. 8 to determine the RPR prediction samples, and the sinular description will
not be repeated herein.

[B3196]  In siep 1314, as shown in FIG. 13, the processor may filter the RPR prediction
samples based on a template-based adaptive filier 1o generale Gltered RPR prediction samples
for the vides block. For example. template-based adaptive filtering scheme 802 deseribed
above with reference 1o FIG. § can be applied to generate the filtered RPR prediction samples
for the video block, and the simalar desceription will not be repeated herein,

160197 Instep 1316, as shown in FIG. 13, the processor may determine a prediciive block
including the filtered RPR prediction samples for the video block.

[36198] FIG 14 shows a compuling environment 1414 coupled with a user interface 1450

51



WO 2025/006893 PCT/US2024/036027

The computing environment 1414 can be part of a data processing server. The computing
environment 1414 includes a processor 1420, a memory 1430, and an Inpul/Ouipul (/0)
mterface 1440,

160199 The processor 1420 typically controls overall operations of the computing
environment 1414, such as the operations assoctated with display, data acquisition, dala
commmunications, and image processing. The processor 1420 may include one or more
Processors 1o exeacute instructions to perform all or some of the steps m the above-described
methods Maoreover, the processor 1420 may inchude one or more modudes that facilitate the
mteraction between the processor 1420 and other components. The processor may be a Ceniral
Processing Unit {CPU), a microprocessor, a siogle chup machine, a Graphical Processing Uit
(GPU), or the like.

662081 The memory 1430 15 configured o store various types of data to support the
operation of the computing environment 1414, The memwory 1430 may mclude predeterruined
software 1432, Examples of such data includes mstructions for any applications or methods
operated on the computing environment 1414, video datasets, image data, ete. The memory
1430 mayv be mmplemented by using any tvpe of volatide or non-volatile memory devices, or a
combination thereof, such as a Static Random Access Memory (SRAM). an Electrically
Erasable Programmable Read-Only Memory (EEPROM), an Erasable Programmable Read-
Only Memory (EPROM), a Programmable Read-Only Memory (PROM). a Read-Only
Memory {ROM). a magnetic memory, a flash wemory, a magnetic or optical disk,

[6020%] The 1/O interface 1440 provides an interface between the processor 1420 and
peripheral interface modules, such as a kevboard, a click wheel, butions, and the fike The
buttons may nclude but are not limited to, a home baiton, a start scan button, and a stop scan
button. The VO mierface 1440 can be coupled with an encoder or decoder

[66202] In an embodiment. there 15 also provided a non-transitory computer-readable
storage medium comprising a plurality of programs, for example, in the memorv 1430,
executable by the processor 1420 in the computing envirorment 1414, for perfomming the
above-described methods and/or storing a bustream generaled by the encoding method
described above or a bitstream to be decoded by the decoding method described above. In one
example, the phwality of programs may be executed by the processor 1420 in the computing
environment 1414 to receive {(for exarnple, from the video encoder 20 i FIG. 2) a hitstream or
data stream including encoded video mformation (for example, video blocks representing
encoded video frames, and/or associated one or more syntax elements, gic.}). and may also be

executed by the processor 1420 in the computting environment 1414 {o perform the decoding
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method described above according to the received bitstream or data stream. In another example,
the plurality of programs may be executed by the processor 1420 i the computing envivonment
1414 to perform the encoding method described above to encode video mformation {for
example, video blocks representing video frames. and/or associated one or more syniax
clements. etc.) into a bitstream or data stream, and may also be executed by the processor 1420
in the computing environment 1414 to transout the bitstream or data stream ({or example, {o
the video decoder 3¢ 1n FIG 3) Altemnatively, the non-transitory computer-readable storage
medium may have stored therein a bitstream or a data stream comprising encoded video
mformation (for example, video blocks representing encoded video frames, and/or associated
We or more syrtax elements ele ) generated by an encoder (for example, the video encoder 20
in FIG. 2) using, for example, the encoding method described above for use by a decoder (for
example, the video decoder 30 in FIG. 3) in decoding video data. The non-transitory computer-
readable storage medium may be, for example, a ROM, a Random Access Memory (RAM), a
CD-ROM, a magnetic tape, a floppy disc, an opical data storage device or the hike.

[66283] In an embodiment, there 13 provided a bitsiream generated by the encoding method
described above or a bitsiream 1o be decoded by the decodimg method described above. In an
embaodiment, there is provided a bitstream cormprising encoded video information generated by
the encoding method described above or encoded video information 1o be decoded by the
decoding method described above,

[60204] In an embodiment, the 1s also provided a computing device comprising one of mose
processors (for example, the processor 1420} and the non-transitory computer-readable storage
medium or the memory 1430 having stored therein a plurality of programs executable by the
one or more processors, wherein the one or more processors, upon execution of the plurality of
programs, are configured to perform the above-described roethods.

[66205] In an embodiment. there is also provided a computer program product having
instructions for storage or transmission of a bitstream comprising encoded video information
generated by the encoding method descnibed above or enceded video information to be decoded
by the decoding meihod described above In an embodiment, there is also provided
a computer program product compnising a plurality of programs, for example, in the memory
1430, execuiable by the processor 1420 1n the compuiing environment 1414, for performing
the above-described methods. For example, the computer program product may include the
non-transtiory computer-readable storage medium.

[362066] In an embodiment, the computing environment 1414 may be implemented with one

or more ASICs, DSPs, Digital Signal Processing Devices (DSPDs), Programmable Logic
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Devices (PLDs). FPGAs, GPUs, controllers, mucro-controllers, microprocessors, or other
electronic components, for performing the above methods.

[66207] In an embodument, there 15 also provided a method of storing a bitstream,
comprising storing the bitstream on a digital storage medium, whersin the bitstream comprises
encoded video information generated by the encoding method described above or encoded
video iformation 1o be decoded by the decoding method described above.

[6G208] In an embodiment. there is also provided a method for transmitting a bitstream
generated by the encoder described above. In an embodiment, there 15 also provided a method
for receiving a biistream {o be decoded by the decoder described above.

[6626%] The description of the present disclosure has been presented for purposes of
ittustration and 15 not intended to be exhaustive or limited to the presemt disclosure. Many
modifications, variations, and aHernative implementations will be apparent to those of ordinary
skall in the art having the benefit of the teachings presented in the foregoing descriptions and
the associated drawings.

[66216]  Unless specifically siated otherwise, an order of steps of the method according to
the present disclosure 13 only intended to be silustrative, and the steps of the method according
to the present disclosure are not hmited to the order specificallv described above, but may be
changed according to practical conditions. In addition, at least one of the steps of the method
according o the present disclosure may be adjusted, combined or deleted according to practical
requiremenis.

[66211] The examples were chosen and described in order to explain the principles of the
disclosure and {o enable others skilled in the art to understand the disclosure for various
implementations and to best wtilize the underlying principles and various implementations with
various modifications as are suited to the particular use contemplated. Therefore, 1l is o be
wnderstood that the scope of the disclosure 15 not to be limited 1o the specific examples of the
implementations disclosed and that modifications and other implementations are infended to

be included withun the scope of the present disclosure,
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CLAIMS

What 1s claimed 5;

1. A method for video decoding, comprising:

determining, by a decoder, reference-picture-resampling (RPR) prediction samples for
a video block from a video frame of a video based on one or more reference frames and motion
mformation associated with the video block, wherein at least one of the one or more reference
frames has a resolution different from a resolution of the video frame; and

filtering, by the decoder. the RPR prediction samples based on a template-based
adaptive filler to generate {iltered RPR prediction samples for the video block; and

deterroining, by the decoder, a predictive block comprising the filtered RPR prediction

samples for the video block

2. The method of claim 1. wherein the template-based adaptive flter comprises a set of
filter coefficients, and the method further comprises:

determining template samples associated with the video block;

determining prediction template samples corresponding to the template samples from
the one or more reference {rames based on the mouon mformation; and

determining the set of filter coefficients based ov the template samples and the

prediction {emplate samples.

3, The msthod of claim 2, whersin:
a uni-prediction scheme is applied to determine the RPR prediction samples for the
video block:
determining the prediction template samples comprises:
deternuining wni-prediction template samples corresponding to the template
samples from a reference frame based on the motion information: and
determining the set of filter coefficients comprises:
determining the set of filter coefficients based on the termplate samples and the

uni-prediciion template samples.

4. The method of claim 2, wherein:
a i-prediction scheme is applied o determiine the RPR prediction samples for the video

block;

j o
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the one or more reference frames comprise a first reference frame 1o a first prediction
divection and a second reference frame in a second prediction direction; and
the motion imformation comprises first motion mformation associated with the first

reference {rame and second motion mformation associated with the second reference frame.

5. The method of claim 4, whereuy
determining the prediction template samples comprises:

deternmuning bi-prediction femplate samples corresponding to the template
samples from the first and second reference frames based on the first and second motion
mformation; and
determining the set of filter coefficienis comprises:

determining the set of filter cosfficienis based on the template samples and the

bi-prediction template samples.

6. The method of claim 4, wherein the template-based adaptive filter comprises a first
filter for the frst prediction divection and a second filter for the second prediction direction,
and determirung the RPR prediction samples for the video block compnises:

deternuning first RPR uni-prediction samples from the first reference frame based on
the first motion information; and

determining second RPR uni-prediction samples from the second reference frame based

on the second motion information.

7. The method of claim 6, wherein {iltening the RPR prediction samples based on the
template-based adaptive filter to generale the filtered RPR prediction saroples for the video
block comprises:

filtering the first RPR uni-prediction samples based on the first filter to generate first
filtered RPR prediction samples;

filtering the second RPR uru-prediction saroples based on the second filter to generale
second filtered RPR prediction samples: and

combining the first filiered RPR prediction samples and the second RPR predichion

samples to generate the filtered RPR prediction samples.

8. The method of claim 6, wherein:
the set of filter coefficients comprises a first set of filter coefficients for the fivst filter
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and a second set of filter coefficients for the second filter;

determiming the prediction template samples comprises:

determning fivst uni-prediction teraplate saraples from the fust reference frame
based on the first motion informaton; and

determining second uni-prediction template samples from the second reference
{rame based on the second motion mformation. and
determining the set of filter coefficients comprises:

deternmuning the first set of filter coefficients and the second set of filter
coefficients based on the template samples, the first uni-prediction template samples,

and the second uni-prediction template samples.

3. The method of claim 8. wherein determining the first set of filter coefficients and the
second set of filter coefficients comprises:

determining the first set of filter coefficients based on the template samples and the first
uni-prediction template samples: and

determuning the second set of filter coefficients based on the template samples and the

second unt-prediciion terplate samples.

10. The method of claim 8, wherein deiermining the first set of filter coefficients and
the second set of filter coeflicients comprises:
applving an iterative scheme to alternatively determina the first set of filter coefficients

and the second set of filter coefficients.

11, The method of claim 1, further comprising:

deternuning the motion information for the video block, wherein the motion
information comprises at least one or more motion vectors and one or more reference picture
ndices; and

determing the one or more reference frames corresponding to the one or more

reference picture indices for the video block.

12. The method of claim 11, wherein determining the motion information for the video
block comprises:
determining one or more motion vector differences (MVDis} corresponding 1o the one

or muore motion vectors, respectively:

jo
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determining one or more motion vector predictors {MVPs) corresponding to the one or
more motion vectors, respectively: and
stermuning the one or more motion vectors based on the one or more MVDs and the

one or more MV Ps, respectively.

13. The method of claim 12, wherein determining the one or more MV Ds corresponding
to the one or more motion vectors, respectively. comprises:
for each motion vector from the one or more motion vectors,
applving a templaie-based MVD reordering scheme {0 generate a reorderaed
MVD candidate list; and
selecting an MVD candidate from the reordered MV D candidate listasan MV D

for the motion vector based on an MVD index signaled by an encoder,

14. The method of claim 13, wheretn applving the teroplate-based MV D reordening
scheme to generate the reordered MV list comprises:

producing a hist of MVD candidaies based on a combination of potential MVD signs
and most significant suffix bins;

determuning template costs associated with the MY D candidates, respectively; and

sorting the MV candidates based on the template costs 1o generate the reordered MVD

candidate list.

15. The method of claim 13, wherein determining the one or more reference frames for
the video block compnses:
for a reference frame corresponding to the motion vector,
applving a template-based reference index reordering scheme 10 generate a
reordered joint list of reference pictures; and
selecting a reference picture from the reordered joint hst as the reference frame

{for the motion vector based on a reference picture index signaled by an encoder.

16. The method of claim 15, wherein applving the template-based reference index
reordering scheme 1o generate the reordered joint list of reference pictures comprises:

combining reference pictures from a first reference picture list and reference pictures
from a second reference picture list into a joint list of reference pictures;

generating motion vector candidates based on the MVD and MVPs generated from
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reference pictures in the joint list;

determining template costs associated with the reference pictures in the joint list based
on the motion vector candidates, respectively; and

sorting the reference pictures in the joint list based on the template costs to generate the

reordered joint list.

17. The method of clasm 15, wherein applving the template-based reference mndex
reordering scheme 1o generate the reordered joint list of reference pictures comprises:

dividing reference pictures from a first reference picture list and reference pictures from
a second reference piciure list info one or more groups of reference pictures;

generating one or more reordered lists of reference pictures by appiyving the template-
based reference mdex reordering scheme 1o each group of reference pictures o generale a
corresponding reordered list of reference pictures; and

combining the ove or more reordered lists of reference pictures to generaie the

reordered joint list of reference pictures.

18. The roethod of clairo 1, wherein deternmuning the motion information for the video
block comprises:

applying the templaie-based merge index reordering scheme to generate the reordered
merge list of merge candidates; and

selecting a merge candidate from the reordered merge list to generate the motion

information of the video block based on a merge index signaled by an encoder

19, The method of claim 18, wherein applying the template-based merge index
reordering scheme to generate the reordered merge list of merge candidates comprises:

producing a list of merge candidates:

determining template costs associated with the merge candidates in the merge list,
respectively; and

sorting the merge candidates in the merge list based on the template cosis 1o generate

the reordered merge list of merge candidates.

20. A method for video encoding, comprising:
determining, by an encoder, reference-picture-resampling (RPR) prediction samples for

avideo block from a video frame of 3 video based on one or more reference frames and motion
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mformation associated with the video block, wherein at least one of the one or more reference
frames has a resolution different from a resolution of the video frame; and
filtering, bv the encoder, the R¥FR predicuon samples based on a termplate-based
adaptive filter to generate filtered RPR prediction samples for the videc block; and
determining, by the encoder, a predictive block comprising the filtered RPR prediction

samples for the video block.

21 The method of claim 20, wherein the template-based adaptive filter comprises a set
of filter coeflicients, and the method further compnses:
clermining template samples associated with the video block;
determining prediction ternplate samples corresponding to the template samples from
the one or more reference {rames based on the motion information; and
determoining the set of flter coefficients based on the template samples and the

prediction template samples.

22. The method of claim 21, wherem:
a uni-prediction scheme 1s applied 1o determine the RPR prediction samples for the
video block;
determining the prediction template samples comprises:
determining uni~-prediction template samples corresponding io the template
samples from a reference frame hased on the motion information; and
determining the set of filter coefficients comprises:
determining the set of filter coefficients based on the template samples and the

unt-prediction template samples.

23. The method of claim 21, wherein:

a bi-prediction scheme is applied to determine the RPR prediction samples {or the video
block;

the one or more reference frames comprise a first reference frame in a first prediction
direction and a second reference frame m a second prediction divection; and

the motion information comprises first motion formation associated with the first

reference {rame and second motion mformation associated with the second reference frame.

24. The method of claim 23, wherein:

&0
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determining the prediction template samples comprises:

determining bi-prediciion template sarples corresponding to the template
samples from the first and second reference frames based on the first and second motion
information; and
determining the set of filier coefficients compnses:

determining the set of filter coefficients based on the template samples and the

bi-prediction template samples.

25 The method of claim 23, wherein the template-based adaptive filier compnises a
first filter for the first prediction direction and a second filter for the second prediction direction,
and determining the RPR prediction samples for the video block comprises:

determining first RPR uni-prediction samples from the first reference frame based on
the first motion information; and

determining second RPR uni-prediction saraples from the second reference frame based

on the second motion information.

26. The method of claim 23, whergin filtering the RPR prediction samples based on the
template-based adaptive filter to generate the filtered RPR prediction samples for the video
block comprises:

filtening the first RPR unu-prediction samples based on the first filter 1o generate fivst
filtered RPR prediction samples;

filtering the second RPR uni-prediction samples based on the second filter to generate
second filtered RPR prediction samples; and

combining the frst filiered RPR prediction samples and the second RPR predichion

samples to generate the filiered RPR prediction samples.

27. The method of ¢claim 25, wherein:
the set of filter coefficients comprises a first set of filter coefficients for the first Glter
and a second set of filter coefficients for the second filter:
determining the prediction template samples comprises:
determining first uni-prediciion template saraples from the first reference frame
based on the first motion information; and
determining second uni-prediction template samples from the second reference

frame based on the second motion information; and
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determining the set of filter coefficients comprises:
determaning the first set of filter coefficients and the second set of filter
coefficients based on the template saraples, the first uni-prediction ternplate samples,

and the second uni-prediction femplate samples.

28. The method of claim 27, wherein determining the first set of {ilter coellicients and
the second set of filter coetficients comprises:
determining the first set of filter cosfficients based on the template samples and the first
uni-prediction template samples; and
ctermining the secound set of filter coefficionts based on the template samples and the

second uni-prediction template samples.

29. The method of claim 27, wherein determinimg the first set of filter coetlicients and
the second set of {lter coellicients comprises:
applying an iterative scheme to alternatively determines the first set of filter coefficients

and the second set of filter coefhicients.

30. The method of claim 20, further comprising:

determining the motion information for the video block, wherein the motion
formaton comprises at least oue or more motion vectors and one or more reference picture
ndices: and

determining the one or more reference frames corresponding to the one or more

reference picture indices for the vidgo block.

31, The method of claim 30, further comprising:

determining one or more motion veetor predictors (MVPg) corresponding fo the one or
more motion veciors, respectively; and

determining one or more motion vector differences (MY Ds) corresponding io the one

or more motion vectors based on the one or more MV Ps, respectivelv.

32, The method of claim 31, further comprising:
for each motion vector corresponding 1o a respective MVD,
applying a template-based MVD reordering schems to generate a reordered

MV candidate list
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determining an MVD index of the respective MVD in the reordered MVD
candidate list; and

signaling the MVD index to a decoder.

33. The method of claim 32, wheretn applving the template-based MVD reordernng
scheme to generaie the reordered MVD list comprises:

producing a hist of MVD candidates based on a combination of potential MV D signs
and most significant suffix bins of the respective MVD!

determining template costs associated with the MVD candidates, respectively; and

sorting the MV D candidates based on the template costs to generate the reordered MV D

candidate list.

34. The method of claim 32, further comprismg
for a reference frame corresponding 1o the motion vector,

applying a template-based reference index reordenng scheme to generate a
reordered jomt hist of reference pictores;

determining a reference picture index of the reference {rarse in the reordered
joint fist of reference pictures; and

signaling the reference picture index to the decoder,

35 The method of claim 34, wherein applving the template-based reference index
reordering scheme to generate the reordered joint list of reference pictures comprises:

combining reference pictures from a first reference picture list and reference pictures
from a second relerence piclure list into a joint list of reference pictures;

genarating motion vector candidates based on the MVD and MVPs generated from
refersnce pictures in the joint hist;

determining template costs associated with the reference pictures in the joint list based
on the motion vecior candidates. respectively; and

sorting the reference pictures in the joint list based on the template costs to generate the

reordered joint hist.

36. The method of claim 34, wherein applving the template-based reference index
reordering scheme {0 generate the reorderad joint list of reference pictures comprises:

dividing reference pictures from a fivst reference proture list and reference pictures from
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a second reference picture list inio one or more groups of reference pictures;

generaling one or more reordered lists of reference pictures by applying the template-
based reference ndex reordering scheme to each group of reference pictures o generate a
corresponding reordered list of reference pictures; and

combining the one or more reordered hists of reference pictures to generate the

reordered joint hist of reference pictures.

37 The method of claim 31, further comprising:
for each motion vector,

applying a iemplate-based merge index teordering scheme to generate a
reordered merge list of merge candidates;

determining a merge index of a merge candidate corresponding to the respactive
motion vector in the reordered merge hist; and

signaling the merge index signaled to a decoder,

38, The method of claim 37, wherein applving the template-based merge index
reordering scheme to generate the reordered merge Hst of merge candidates comprises:

producing a list of merge candidates:

determining template costs associated with the merge candidates in the list, respectively:
and

sorting the merge candidaies in the list based on the template cosis to generale the

reordered merge list of merge candidates.

39 Aug apparatus for video decodimg. comprising:

a memory configured to store a bitstreamy, and

a processor coupled to the memory and configured to perform the method of video
decoding according to any one of claims 1-19 to decode the bitstream,

44, An apparatus for video encoding, comprising:

amemory configured to store a bitsiream; and
a processor coupled to the memory and configured to perform the method for video

encoding according to any one of claims 20-38 to generate the bitstream.

41, A non-transitory compuier-readable storage medium having stored therein a
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bitstream, wherein the bitstream is decoded by the method for video decoding according to any

one of claims 1-19.
42 A non-transitory computer-readable storage medium having stored therein a

bitstream, wherein the bitstream 15 generaied by the method for video encoding according 1o

any one of claims 20-38,
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