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METHOD, APPARATUS, AND MEBIUM FOR VIDEQO PROCESSING

FIELDS

(666117 Embodiments of the present disclosure relates generally to video processing

techniques, and more particularly, to extended cross-component prediction.

BACKGROUND

10662] In nowadays, digital video capabilities are being applied in various aspects of
peoples’ lives. Multiple types of video compression technologies, such as MPEG-2,
MPEG-4, ITU-TH.263, ITU-TH.264/MPEG-4 Part 10 Advanced Video Coding (AVC),
ITU-TH 265 high efficiency video coding (HEVC) standard, versatile video coding (VVC)
standard, have been proposed for video encoding/decoding. However, coding efficiency

of video coding techntques is generally expected to be further improved.
SUMMARY
(06631 Embodiments of the present disclosure provide a solution for video processing.

06841 In a first aspect, a method for video processing is proposed. The method
comprises: applying, for a conversion between a video unit of a video and a bitstream of
the video unit, at least one of the followings in a cross-component prediction {CCP) model:
a set of luma samples, a set of additional luma samples, a set of reconstructed chroma
samples, or a set of predicted chroma samples; determining a prediction ot recounstruction
of the video unit by applyving the CCP model to the video unit; and performing the
conversion based on the prediction or reconstruction. In this way, it can improve coding

efficiency and coding performance.

(686651 In asecond aspect, an apparatus for video processing is proposed. The apparatus
comprises a processor and a pon-transitory memory with instructions thereon. The
instructions upen execution by the processor, cause the processor to perform a method in

accordance with the first aspect of the present disclosure,

[6886] In a third aspect, a non-transitory computer-readable storage medium 1s

proposed. The non-transitory computer-readable storage medium stores instructions that
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cause a processor to perform a method in accordance with the first aspect of the present

disclosure.

16047]  In a fourth aspect, another non-transitory computer-readable recording medium
is proposed. The non-transitory computer-readable recording medium stores a bitstream
of a4 video which 18 generated by a method performed by an apparatus for video processing,
The method comprises: applving at least one of the followings in a cross-component
prediction (CCP) model: a set of luma samples, a set of additional luma sarples, a set of
reconstructed chroma samples, or a set of predicted chroma samples; determining a
prediction or reconstruction of a video unit of the video by applying the CCP model to the

video unit; and generating the bitstream based on the prediction or reconsiruction.

[60668] In a fifth aspect, a method for storing a bitstream of a video is proposed. The
method comprises: applying at least one of the followings tn a cross-component prediction
(CCP) model: a set of luma samples, a set of additional luma samples, a set of
recoustructed chroma samples, or a set of predicted chroma samples; determining a
prediction or reconstruction of a video unit of the video by applying the CCP model to the
video unit; generating the bitstream based on the prediction or reconstruction; and storing

the bitstream in a non-transitory computer-readable recording medium.

16669] This Summary 18 provided to introduce a selection of concepts in a simplitied
form that are further described below in the Detailed Description. This Summary 18 not
intended to identify key features or essential features of the claimed subject matter, nor is

it intended to be used to limnit the scope of the claimed subject matter,
BRIEF DESCRIPTION OF THE DRAWINGS

100108] Through the following detailed description with reference to the accompanying
drawings, the above and other objectives, features, and advantages of example
embodiments of the present disclosure will become more apparent. In the example
embodiments of the present disclosure, the same reference numerals usually refer to the

same components.

10611] Fig 1 illustrates a block diagram that illustrates an example video coding system,

in accordance with some embodiments of the present disclosure;

(686121  Fig 2 illustrates a block diagram that illustrates a first example video encoder,

in accordance with some embodiments of the present disclosure;
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[6013]  Fig 3 illustrates a block diagram that tllustrates an example video decoder, in

accordance with some embodiments of the present disclosure;

10814] Fig. 4 illustrates nominal vertical and horizontal locations of 4:2:2 luma and

chroma samples in a picture;

10013] Fig. 5 illustrates an example of encoder block diagram;

[6016] Fig 6 illustrates 67 intra prediction modes;

(686177  Fig. 7 illustrates reference samples for wide-angular intra prediction;
[0818] Fig B illusirates problem of discontinuity 1o case of directions beyond 45° ;
10619] Fig 9illusirates locations of the samples used for the derivation of ¢ and §3;

166207 Fig. 10 illustrates an example of classifying the neighboring samples into two

grToups;

[6821] Fig. 11A1s a schematic diagram illusirating definition of samples used by PDPC

applied to a diagonal top-right mode;

16022] Fig 11Bis aschematic diagram illustrating definition of samples used by PDPC

applied to a diagonal bottom-left mode;

16623] Fig. 11C is a schematic diagram iHustrating definition of samples used by PDPC

applied to an adjacent diagonal top-right mode;

[0624] Fig 11D is a schematic diagram illustrating definition of samples used by PDPC

applied to an adjacent diagonal bottom-left mode;

3025] Fig. 12 is a schematic diagram illustrating gradient approach for non-
| g g 2 g pp

vertical/non-horizontal mode;

[6026] Fig. 13 is a schematic diagram tllustrating nScale values with respect to 0 TbH

and mode number; for all nScale<0 cases gradient approach 1s used,

16027] Fig 14 15 a schematic diagram illustrating flowcharts of current PDPC and

proposed PDPC;

[0628] Fig. 1S 1s a schematic diagram illustrating neighbouring blocks (L, A, BL, AR,

ALY used in the dertvation of a general MPM list;

(66291 Fig 16 is a schematic diagram illustrating an example on proposed intra
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reference mapping;

[60306] Fig 17 1s a schematic diagram illustrating an example of four reference lines

neighbouring to a prediction block;

[6031] Fig 18A is a schematic diagram illustrating examples of sub-partitions for 4x8

and 8«4 CUs;

[6032] Fig. 18B is a schematic diagram ilustrating examples of sub-partitions for CUs

other than 4x8 8x4 and 4x4;

30331 Fig 19 18 a schematic diggram tllustratine matrix weighted intra prediction
| i o

process;

8634] Fig. 20 1s a schematic diagram illustrating target samples, template samples and
, g g g larg £ L {

the reference samples of template used in the DIMD;
(66351 Fig 21 isaschematic diagram llustrating proposed intra biock decoding process;

3036]  Fig 22 is a schematic diagram iilustrating HoG computation from a template of
, g g £ ! F

width 3 pixels;

16637 Fig. 23 is a schematic diagram illustrating prediction fusion by weighted

averaging of two Ho( modes and planar;
[6638] Fig 24 1isa schematic diagram illustrating spatial part of the convolutional filter;

[0639] Fig. 25 i1s a schematic diagram illustrating reference area (with its paddings)

used to dertve the filter coefficients;

1086407 Fig 26 1s a schematic diagram illustrating four Sobel based gradient patterns for
GLM;

[6841] Fig. 27 ts a schematic diagram illustrating spatial samples used for GL-CCCM;
106421 Fig 28 15 a schematic diagram illustrating non-downsampled luma samples;
16043] Fig 29 1liustrates spatial GPM candidates;

108644] Fig 30 tllustrates GPM templates;

10043] Fig. 31 illustrates GPM blending;

§046] Fig. 32 tllustrates binarization of cross-component prediction modes in ECM;
g ;
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16047] Fig 33 tllustrates an example of luma samples to be prepared;

[00648] Fig 34 illustrates an example of potential candidate regions;

o

10649] ig. 35 illustrates possible templates;

[0650] Fig 36 illustrates various downsampling filters used in the proposed cross-

component models;
[6651] Fig. 37 illustrates the positions of chroma samples;

[6052] Fig. 38 illustrates an example of luma positions (which may be after down-

sampling) to be used in CCP;

106531 Fig 39 illustrates an example of luma positions {which may be after down-

sampling) and chroma positions to be used in CCP;

16084] Fig 40illustrates a second example of luma positions {which may be after down-

sampling) and chroma positions to be used in CCP;

[08655]  Fig. 41 illustrates an example of reconstructed chroma sample positions used to

derive the parameters of mixCCUM as the target values in the training process,

10856] Fig 42 shows an example, where L, Y and Z can only used as input values of X

but they may not be used as target values in the iraining process,
[68587] Fig. 43 shows an example, where L, Y and Z are used as input values of X

[6038] Fig 44 :ilustrates an example of applying the mixCCCM model in a 4x4 chroma

block;

[6058] Fig 45 illustrates a second example of applying the mixCCCM model in a3 4x4

chroma block;

[6860] Fig. 46 shows an example, where L, Y and 7 are used as input valugs of X, L, Y

and Z are all prediction samples;

16061] Fig 47 illustrates a flowchart of a method for video processing 1u accordance

with embodiments of the present disclosure; and

10662] Fig. 48 illustrates a block diagram of a computing device 1n which various

embodiments of the present disclosure can be implemented.

(686631 Throughout the drawings, the same or similar reference numerals usually refer

5
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to the same or simtlar elements.
DETAILED DESCRIPTION

16064] Principle of the present disclosure will now be described with reference to some
embodiments. It is to be understood that these embodiments are described only for the
purpose of illustration and help those skilled in the art to understand and 1mplement the
present disclosure, without suggesting any limitation as to the scope of the disclosure.
The disclosure described herein can be implemented in various manners other than the

ones described below.

168651 In the following description and claims, unless defined otherwise, all technical
and scientific terms used herein have the same meaning as commonly understood by oune

of ordinary skills in the art to which this disclosure belongs.

[0666] References in the present disclosure to “one embodiment,” “an embodiment,”
“an example embodiment,” and the like indicate that the embodiment described may
include a particular feature, structure, or characteristic, but it 18 not necessary that every
embodiment includes the particular feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described 1n connection with an example
embodiment, it is submitted that it i1s within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connection with other embodimenis

whether or not explicitly described.

106671 1t shall be understood that although the terms “first” and “second” etc. may be
used herein to describe various elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element from another. For example,
a first element could be termed a second element, and similarly, a second element could
be termed a first element, without departing from the scope of example embodiments. As
used herein, the term “and/or” includes any and all combinations of one or more of the

listed terms.

16668] The terminology used herein is for the purpose of describing particular
embodiments only and s not intended to be limiting of example embodiments. As used
herein, the singular forms “a”, “an” and “the” are intended to include the plural forms as

well, unless the countext clearly indicates otherwise. It will be further understood that the
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terms “comprises”, “comprising”, “has”, “having”, “includes” and/or “including”, when
used heretn, specity the presence of stated features, elements, and/or components etc., but
do not preclude the presence or addition of one or more other features, elements,

components and/ or combinations thereof.

Example Environment

16669] Fig. 1 is a block diagram that illusirates an example video coding system 100
that may utilize the techniques of this disclosure. As shown, the video coding system 100
may include a source device 110 and a destination device 120, The source device 110 can
be also referred to as a video encoding device, and the destination device 120 can be also
referred to as a video decoding device In operation, the source device 110 can be
configured to generate encoded video data and the destination device 120 can be
configured to decode the encoded video data generated by the source device 110, The
a video encoder 114, and an

source device 110 may include a video source 112

>

input/output (0O} interface 1106

16670] The video source 112 may include a source such as a video capture device.
Examples of the video capture device inchude, but are not limited to, an interface to recetve
video data from a video content provider, a computer graphics system for generating video

data, and/or a combination thereof.

166711 The video data may comprise one or more pictures. The video encoder 114
encodes the video data from the video source 112 to generate a bitstream. The bitstream
may include a sequence of bits that form a coded representation of the video data. The
bitstream may include coded pictures and associated data. The coded picture is a coded
representation of a picture. The associated data may include sequence parameter sets,
picture parameter sets, and other syntax structures. The VO interface 116 may include a
modulator/demodulator and/or a transmitter. The encoded video data may be transmitted
directly to destination device 120 via the VO interface 116 through the network 130A.
The encoded video data may also be stored onto a storage medium/server 1308 for access

by destination device 120.
166721 The destination device 120 may include an V0 interface 126, 3 video decoder
124, and a display device 122. The VO interface 126 may include a receiver and/or a

modem. The VO interface 126 may acquire encoded video data from the source device
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110 or the storage medium/server 130B. The video decoder 124 may decode the encoded
video data. The display device 122 may display the decoded video data to a user. The
display device 122 may be integrated with the destination device 120, or may be external
to the destination device 120 which s configured to interface with an external display

device.

(686731 The video encoder 114 and the video decoder 124 may operate according to a
video compression standard, such as the High Efficiency Video Coding (HEVC) standard,

Versatile Video Coding (VVC) standard and other current and/or further standards.

10074] Fig 2 is a block diagram illustrating an example of a video encoder 200, which
may be an example of the video encoder 114 in the system 100 illustrated in Fig. 1, in

accordance with some embodiments of the present disclosure.

16075] The video encoder 200 may be counfigured to umplement any or all of the
techniques of this disclosure. In the example of Fig. 2, the video encoder 200 includes a
plurality of functional components. The techniques described 1n this disclosure may be
shared among the various components of the video encoder 200, In some examples, a
processor may be configured to perform any or all of the techniques described in this

disclosure.

168761 In some embodiments, the video encoder 200 may include a partition unit 201,
a predication unit 202 which may include a mode select unit 203, a motion estimation unit
204, a motion compensation unit 205 and an intra-prediction unit 206, a residual
generation unit 207, a transform unit 208, a quantization unit 209, an inverse quantization
unit 210, an inverse transform unit 211, a reconstruction unit 212, a buffer 213, and an

entropy encoding unit 214,

16077]  In other exaroples, the video encoder 200 may include more, fewer, or different
functional components. In an example, the predication unit 202 may include an intra
block copy (IBC) unit. The IBC umt may perform predication in an IBC wode in which

at least one reference picture is a picture where the current video block is located.

16678] Furthermore, although some components, such as the motion estimation unit 204
and the motion compensation unit 205, may be integrated, but are represented in the

example of Fig. 2 separately for purposes of explanation.

[6079] The partition unit 201 may partition a picture into one or more video blocks.



16

oy
|41

20

A
(¥}

30

WO 2025/010276 PCT/US2024/036573

The video encoder 200 and the video decoder 3060 may support various video block sizes.

[0680] The mode select unit 203 may select one of the coding modes, intra or inter, ¢.g.,
based on error results, and provide the resulting intra-coded or inter-coded block to a
residual generation unit 207 to generate residual block data and to a reconstruction unit
212 to recounstruct the encoded block for use as a reference picture. In some examples,
the mode select unit 203 may select a combination of intra and inter predication (CIIF)
mode in which the predication 13 based on an inter predication signal and an inira
predication signal. The mode select unit 203 may also select a resolution for a motion
vector {e.g., a sub-pixel or integer pixel precision) for the block in the case of inter-

predication.

(686811 To perform inter prediction on a current video block, the motion estimation unit
204 way generate motion wformation for the current video block by comparing one or
more reference frames from buffer 213 to the current video block. The motion
compensation unit 205 may determnune a predicted video block for the current video block
based on the motion information and decoded samples of pictures from the buffer 213

other than the picture associated with the current video block.

106821 The motion estimation unit 204 and the motion compensation unit 205 may
perform different operations for a current video block, for example, depending on whether
the current video block is in an I-slice, a P-shice, or a B-slice. Ag used herein, an “I-slice”
may refer to a portion of a picture composed of macrobiocks, all of which are based upon
macroblocks within the same picture. Further, as used herein, in some aspects, “P-slices”
and “B-slices” may refer to portions of a picture composed of macroblocks that are not

dependent on macroblocks in the same picture.

[6083] In some examples, the motion estimation unit 204 may perform uni-directional
prediction for the current video block, and the motion estimation unit 204 may search
reference pictures ot list 0 or list 1 for a reference video block for the current video block.
The motion estimation unit 204 may then generate a reference index that indicates the
reference picture in list 0 or list 1 that containg the reference video block and a motion
vector that indicates a spatial displacement between the current video block and the
reference video block. The motion estimation unit 204 way output the reference index, a
prediction direction indicator, and the motion vector as the motion information of the

current video block. The motion compensation unit 205 may generate the predicted video
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block of the current video block based on the reference video block indicated by the

motion information of the current video block.

10084] Alternatively, in other exarmples, the motion estimnation unit 204 may perform
bi-directional prediction for the current video biock. The motion estimation unit 204 may
search the reference pictures in list O for a reference video block for the current video
block and may also search the reference pictures in list | for another reference video block
for the current video block. The motion estimation unit 204 may then generate reference
indexes that indicate the reference pictures in list O and list 1 containing the reference
video blocks and motion vectors that indicate spatial displacements between the reference
video blocks and the current video block. The motion estimation unit 204 may output the
reference indexes and the motion vectors of the current video block as the motion
tnformation of the current video block. The motion compensation unit 205 may generate
the predicted video block of the current video block based on the reference video blocks

indicated by the motion information of the current video block.

(68851  In some examples, the motion estimation unit 204 may output a full set of motion
information for decoding processing of a decoder. Alternatively, in some embodiments,
the motion estimation unit 204 may signal the motion information of the current video
block with reference to the motion information of another video block. For example, the
motion estimation unit 204 may determine that the motion information of the current video

block 1s sufficiently similar to the motion information of a neighboring video block.

[6086] In oue example, the motion estimation unit 204 may indicate, tn a syniax
structure associated with the current video block, a value that indicates to the video
decoder 300 that the current video block has the same motion information as the another

video block.

(06871 In another example, the motion estimation unit 204 may identity, in a syntax
structure assoctated with the current video block, another video block and a motion vector
difference (MVD). The motion vector difference indicates a difference between the
motion vector of the current video block and the motion vector of the indicated video
block. The video decoder 300 may use the motion vector of the indicated video block and

the motion vector difference to determine the motion vector of the current video block.

10688] As discussed above, video encoder 200 may predictively signal the motion

vector. Two examples of predictive signaling techniques that may be implemented by
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video encoder 200 include advanced motion vector predication (AMVP) and merge mode

signaling.

[6088] The wotra prediction unit 206 may perform intra prediction on the current video
block. When the intra prediction unit 206 performs intra prediction on the current video
block, the intra prediction woit 206 may generate prediction data for the current video
block based on decoded samples of other video blocks in the same picture. The prediction
data for the current video block may include a predicted video block and various syntax

elements.

10690] The residual generation unit 207 may generate residual data for the current video
block by subtracting (e.g., indicated by the minus sign}) the predicted video block (s} of
the current video block from the current video block. The residual data of the current
video block may include residual video blocks that correspond to different sample

components of the samples in the current video block.

10691] In other examples, there may be no residual data for the current video block for
the current video block, for example in a skip mode, and the residual generation unit 207

may not perform the subtracting operation.

16092] The transform processing unit 208 may geverate one orf more transform
coefficient video blocks for the current video block by applying one or more transforms

to a residual video block associated with the current video block.

[6093]  After the transform processing unit 208 generates a transform coefficient video
block associated with the current video block, the quantization unit 209 may guantize the
transform coetficient video block associated with the current video biock based on one or

more quantization parameter (QP) values associated with the current video block.

16694] The inverse quantization umt 210 and the wnverse transform unit 211 may apply
inverse quantization and inverse transforms to the transform coefficient video block,
respectively, to reconstruct a residual video block from the transform coefficient video
tlock. The reconstruction unit 212 may add the reconstructed residual video block to
corresponding samples from one or more predicted video blocks generated by the
predication untt 202 to produce a reconstructed video block associated with the current

video block for storage in the buffer 213,

10895]  After the reconstruction unit 212 reconstructs the video block, loop filtering
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operation may be performed to reduce video blocking artifacts in the video block.

[6096] The entropy encoding unit 214 may receive data from other functional
components of the video encoder 200, When the entropy encoding unit 214 receives the
data, the entropy encoding unit 214 may perform one or more entropy encoding operations
to generate euntropy encoded data and output a bitstream that includes the entropy encoded

daia.

[60%7]  Fig 3 is a block diagram tllustrating an example of a video decoder 300, which
may be an example of the video decoder 124 in the system 100 illustrated in Fig. 1, in

accordance with some embodiments of the present disclosure.

16098] The video decoder 300 may be configured to perform any or all of the techunigues
of this disclosure. In the example of Fig. 3, the video decoder 300 includes a plurality of
functional components. The technigues described 1n this disclosure may be shared among
the various components of the video decoder 300. In some examples, a processor may be

configured to perform any or all of the technigues described 1n this disclosure.

[6099]  In the example of Fig. 3, the video decoder 300 includes an entropy decoding

unit 301, a motion compensation unit 302, an intra prediction unit 303, an inverse

2

guantization unit 304, an wverse transformation unit 305, and a recounstruction unit 306
and a buffer 307. The video decoder 300 may, in some examples, perform a decoding pass

generally reciprocal to the encoding pass described with respect to video encoder 200,

[6166] The entropy decoding untt 301 may retrieve an encoded bitstream. The encoded
bitstream may include entropy coded video data {e.g., encoded blocks of video datay. The
entropy decoding unit 301 may decode the entropy coded video data, and from the entropy
decoded video data, the motion compensation unit 302 may determine motion information
including motion vectors, wotion vector precision, reference picture list wndexes, and
other motion information. The motion compensation unit 302 may, for example,
determuine such information by performing the AMVP and merge mode. AMVP is used,
including derivation of several most probable candidates based on data trom adjacent PBs
and the reference picture. Motion information typically includes the horizontal and
vertical motion vector displacement values, one or two reference picture indices, and, in
the case of prediction regions in B slices, an 1dentification of which reference picture list
ts associated with each index. Asused herein, in some aspects, a “merge mode” may refer

to deriving the motion information from spatially or temporally neighboring blocks.

2
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[€6101] The motion compensation unit 302 may produce motion compensated blocks,
possibly performing interpolation based on interpolation filters.  Identifiers for
interpolation filters to be used with sub-pixel precision may be included in the syniax

elements.

16162] The motion compensation unit 302 may use the interpolation filters as used by
the video encoder 200 during enceding of the video block to calculate interpolated values
for sub-tuteger pixels of a reference block  The motion compeunsation unit 302 may
determine the interpolation filters used by the video encoder 200 according to the received

syntax information and use the interpolation filters to produce predictive blocks.

[6163] The motion compensation unit 302 may use at least part of the syntax
information to determine sizes of blocks used to encode frame(s) and/or slice(s) of the
encoded video sequence, partition information that describes how each macroblock of a
picture of the encoded video sequence 1s partitioned, modes indicating how each partition
is encoded, one or more reference frames {and reference frame lists) for each inter-
encoded block, and other information to decode the encoded video sequence. As used
herein, in some aspects, a “slice” may refer to a data structure that can be decoded
tndependently from other slices of the same picture, in terms of entropy coding, signal
prediction, and residual signal reconstruction. A slice can either be an entire picture or a

region of a picture.

[6164] The intra prediction unit 303 may use intra prediction modes for example
recetved in the bitstream to form a prediction block from spatially adjacent blocks. The
inverse quantization unit 304 inverse quantizes, i.e., de-quantizes, the quantized videc
block coefficients provided in the bitstream and decoded by entropy decoding unit 301,

The inverse transform unit 305 applies an inverse transfornt.

[6165]  The reconstruction unit 306 may obtain the decoded blocks, e.g., by summing
the residual blocks with the corresponding prediction blocks generated by the motion
compensation unit 302 or intra-prediction unit 303, If desired, a deblocking filter may
also be applied to filter the decoded blocks in order to remove blockiness artifacts. The
decoded video blocks are then stored in the buffer 307, which provides reference blocks
for subsequent motion coropensation/inira predication and also produces decoded video

for presentation on a display device,

[0166] Some exemplary embodiments of the present disclosure will be described in
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detailed hereinafter. It should be understood that section headings are used in the present
document to facilitate ease of understanding and do not limit the embodiments disclosed
in a section to only that section. Furthermore, while certain embodiments are described
with reference to Versatite Video Coding or other specific video codecs, the disclosed
techniques are applicable to other video coding technologies also. Furthermore, while
some embodiments describe video coding steps in detail, it will be understood that
corresponding steps decoding that uwodo the coding will be implemented by a decoder.
Furthermore, the term video processing encompasses video coding or compression, video
decoding or decompression and video transcoding in which video pixels are represented
from one compressed format into another compressed format or at a different compressed

bitrate.

. Brief Summary

[6187] The present disclosure 1s related to video coding technologies. Specitically, it is
refated to cross-component prediction. It may be applied to the existing video coding
standard like HEVC, or Versatile Video Coding (VVC). It may be also applicable to future

video coding standards or video codec.

2, Introduction

[6108] Video coding standards have evolved primarily through the development of the
well-known ITU-T and ISG/IEC standards. The 1TU-T produced H.261 and H.263,
ISO/IEC produced MPEG-1 and MPEG-4 Visual, and the two organizations jointly
produced the H.262/MPEG-2 Video and H. 264/MPEG-4 Advanced Video Coding (AVC)
and H26S/HEVC standards. Since H.262, the video coding standards are based on the
hybrid video coding structure wherein temporal prediction plus transform coding are
utilized. To explore the future video coding technologies beyond HEVC, Joint Video
Exploration Team (JVET) was founded by VCEG and MPEG jotutly 1n 2013, Since then,
many new methods have been adopted by IVET and put into the reference software named
Foint Exploration Model (JEM). In April 2018, the Joint Video Expert Team {(JVET)
between VOEG (Q6/16) and ISO/EC JTCY SC29/WG1T (MPEG) was created to work on

the VVC standard targeting at 50% bitrate reduction corpared to HEV,
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2.1, {olor space and chroma subsampling
18169] Color space, also known as the color model (or color system), is an abstract
mathematical model which simply describes the range of colors as tuples of numbers,
typically as 3 or 4 values or color components {e.¢., RGB). Basically speaking, color space

ts an elaboration of the coordinate system and sub-space.

16118} For video compression, the most frequently used color spaces are YCbCr and

RGB.

[6813] YOO, Y'CbCr, or Y PB/Ch Pr/Cr, alse written as YCBCR or Y'CBCR, is a
family of color spaces used as a part of the color image pipeline in video and digital
photography systems. Y' is the luma component and CB and CR are the blue-difference
and red-difference chroma components. Y’ (with prime) is distinguished from Y, which
is luminance, meaning that light intensity is nonlinearly encoded based on gamma

corrected RGB primaries.

18112] Chroma subsampling is the practice of encoding images by implementing less
resclution for chroma information than for luma information, taking advaniage of the
human visual system's lower acuity for color differences than for luminance.

2.1.1 4:4:4
16113] Each of the three Y'CbOCr components have the same sample rate, thus there is
no chroma subsampling. This scheme 1s sometimes used in high-end film scanners and
cinematic post production.

212 4:2:2
i8114] The two chroma componenis are sampled at half the sample rate of luma: the
horizontal chroma resolution is halved while the vertical chroma resolution is unchanged.
This reduces the bandwidth of an uncompressed video signal by one-third with hittle to no
visual difference. An example of nominal vertical and horizontal focations of 4:2:2 color
format 1s depicted in Fig. 4 in VVC working draft.

213 4:2:0
i0115] In 4:2:0, the honizontal sampling is doubled compared to 4:1:1, but as
the Cb and Cr channels are only sampled on each alternate line in this scheme, the vertical
resolution 1 halved. The data rate 1s thus the same. Cb and Cr are each subsampled at a
factor of 2 both horizontally and vertically. There are three variants of 4:2:0 schemes,

having different horizontal and vertical siting.

I
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[6116] In MPEG-2, Cb and Cr are cosited horizontally. Cb and Cr are sited between
pixels in the vertical direction (sited interstitially).

18117] In JPEG/IFIF, H 261, and MPEG-1, Cb and Cr are sited interstitially, halfway

between alternate luma samples.

[0118] In 4:2:0 DV, Cb and Cr are co-sited in the horizontal direction. In the vertical

direction, thev are co-sited on alternating lines.

Table 1 SubWidthC and SubHeightC values derived from chroma format ide and
separate_colour plane flag

chroma format i |separate colour plane fl {Chroma SubWidth | SubHeight
de ag format C C
¢ 0 Monochrome I 1
t 0 4:2:0 2 2
2 0 4:2:2 2 1
3 0 4:4:4 t 1
3 1 4:4:4 1 1
2.2, Coding How of a typical video codee

[0119] Fig S shows an example of encoder block diagram of VVC, which countains three
in~toop filtering blocks: deblocking filter (BF), sample adaptive offset (SAO) and ALF.
Unlike DF, which uses predefined filters, SAO and ALF utilize the original samples of
the current picture to reduce the mean square errors between the original samples and the
reconstructed samples by adding an offset and by applying a finite impulse response (FIR)
filter, respectively, with coded side information signalling the offsets and filter
coefficients. ALF is located at the last processing stage of each picture and can be regarded

as a tool trying to catch and fix artifacts created by the previous stages.

2.3. Inira mode coding with 67 intra prediction modes
(61201 To capture the arbitrary edge directions presented in natural video, the number
of directional intra modes 13 extended from 33, as used in HEVC, to 65, as shown in Fig.
6, and the planar and DC modes remain the same. These denser directional intra prediction

modes apply for all block sizes and for both luma and chroma intra predictions.

[6121]  In the HEVC, every intra-coded block has a square shape and the length of each

of its side is a power of 2. Thus, no division operations are required to generate an intra-

6



(¥, )

10

WO 2025/010276

predictor using DC mode. In VV, blocks can have a rectangular shape that necessitates
the use of a division operation per block in the general case. To avoid division operations
for DC prediction, only the longer side is used to compute the average for non-square

blocks.

2.3.1. Wide angle intra prediction
101221 Although 67 modes are defined in the VVC, the exact prediction direction for a
given intra prediction mode index 1s further dependent on the block shape. Conventional
anguiar intra prediction directions are defined from 45 degrees to —135 degrees in
clockwise direction. In VVC, several conventional angular intra prediction modes are
adaptively replaced with wide-angle ntra prediction modes for non-square blocks. The
replaced modes are signalled using the original mode indexes, which are remapped to the
indexes of wide angular modes after parsing. The total number of intra prediction modes

is unchanged, i.e., 67, and the intra mode coding method is unchanged.

101231 To support these prediction directions, the top reference with length 2W+1, and

the left reference with fength 2H+1, are defined as shown 1n Fig. 7.

161241 The number of replaced modes in wide-angular direction mode depends on the

aspect ratio of a block. The replaced intra prediction modes are tllustrated in Table 2.

Table 2 Inira prediction modes replaced by wide-angular modes

Aspect ratio Replaced intra prediction modes

Modes 2,3.4,5,6,7,8,9,10,11,12,

PCT/US2024/036573

W/H==16 ,
13,1415
W/ H==8 Modes 2.34.56789 10,1112 13
W/ H== 4 Modes 2,3,4,5,6,7,8,9,10 11
W/ H==7 Modes 2,3,4,56,7 89
W/ H==1 None

W/ H==1/2

Modes 59.60,61,62,63,64.65.66

W/H==1/4

Mode
57.58,59,60,61,62.63,64.65 66

W/ H==1/8

Modes SS,
56,57,58.59.60.61,62,63 64.65,66

W/ H==1/16

Modes 53, 54, 55,
56,57,58,59,60.61,62,63,64.65.66

7
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[6125] Asshownin Fig 8, two vertically adjacent predicted samples may use two non-
adjacent reference samples in the case of wide-angle intra prediction. Hence, low-pass
reference samples filter and side smoothing are applied to the wide-angle prediction to
reduce the negative effect of the increased gap Ape. I a wide-angle mode represents a
non-fractional offset. There are 8 modes o the wide-angle modes satisfy this coundition,
which are [—14, —12, —10, —6, 72, 76, 78, 80]. When a block is predicted by these modes,
the samples in the reference buffer are directly copied without appiving any interpolation.
With this modification, the number of samples needed to be smoothing is reduced. Besides,
it aligns the design of noun-fractional modes in the conventional prediction rodes and

wide-angle modes.

8126] InVVC, 4:2:2 and 4:4:4 chroma formats are supported as well as 4:2:0. Chroma
derived mode {DM) derivation table for 4:2:2 chroma format was initially ported from
HEVC extending the number of entries from 35 to 67 to align with the extension of intra
prediction modes. Since HEVC specification does not support prediction angle below
—135 degree and above 45 degree, luma intra prediction modes ranging from 2 to 5 are
mapped to 2. Therefore, chroma DM derivation table for 4:2:2: chroma format is updated
by replacing some values of the entries of the mapping table to convert prediction angle

more precisely for chroma blocks.

2.4.Intra prediction mode coding for chroma component

161271 For the chroma component of an intra PU, the encoder selects the best chroma
prediction modes among five modes including Planar, DC, Horizontal, Vertical and a
dirgct copy of the intra prediction mode for the luma component. The mapping between
intra prediction direction and intra prediction mode number for chroma is shown in

Table 3.

16128 When the intra prediction mode number for the chroma component is 4, the intra
prediction direction for the luma component is used for the intra prediction sample
generation for the chroma component. When the intra prediction mode number for the
chroma component is not 4 and i 15 identical to the intra prediction mode number for the
fuma component, the tntra prediction direction of 06 is used for the intra prediction sample

generation for the chroma component.

2.5, Inter prediction

10129] For each inter-predicted CU, motion parameters consisting of motion vectors,

i8
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reference picture indices and reference picture list usage index, and additional information
needed tor the new coding feature of VVC to be used for inter-predicted sample generation,
The motion parameter can be signalled in an explicit or implicit manner. When a CU i3
coded with skip mode, the CU is associated with one PU and has no significant residual
coefficients, no coded motion vector delta or reference picture index. A merge mode 18
specified whereby the motion parameters for the current CU are obtained from
neighbouring CUs, wcluding spatial and temporal candidates, and additional schedules
introduced in VVC. The merge mode can be applied to any inter-predicted CU, not only
for skip mode. The alternative to merge mode 15 the explicit transmission of motion
parameters, where motion vector, corresponding reference picture index for each
reference picture list and reference picture list usage flag and other needed information

are signalled explicitly per each CU.

2.6, Intra biock copy (1BC)
[6136] Intra block copy (IBC) is a tool adopted in HEVC extensions on SCC. It 1s well
known that it significantly improves the coding efficiency of screen content materials.
Since IBC mode is implemented as a block level coding mode, block matching (BM) is
performed at the encoder to find the optimal block vector {or motion vector) for each CU.
Here, a block vector is used to indicate the displacement from the current block to a
reference block, which is already recounstructed inside the current picture. The luma block
vector of an IBC-coded CU is in integer precision. The chroma block vector rounds to
integer precision as well. When combined with AMVR, the IBC mode can swiich between
{-pel and 4-pel motion vector precisions. An IBC-coded CU is treated as the third
prediction mode other than intra or inter prediction modes. The IBC mode 18 applicable

to the CUs with both width and height smaller than or equal to 64 luma samples.

10131] At the encoder side, hash-based motion estimation is performed for IBC. The
encoder performs RD check for blocks with either width or height no larger than 16 luma
samples. For non-merge mode, the block vector search is performed using hash-based
search first. If hash search does not return valid candidate, block maiching based local
search will be performed.

10132] In the hash-based search, hash key matching (32-bit CRC) between the current
block and a reference block is extended to all aliowed block sizes. The hash key

calculation for every position in the current picture is based on 4 x4 sub-blocks. For the



10

13

sd
Pt
L

WO 2025/010276 PCT/US2024/036573

current block of a larger size, a hash key is determined to match that of the reference block
when all the hash keys of all 4x4 sub-blocks match the hash keys in the corresponding
reference locations. If hash keys of multiple reference blocks are found to match that of
the current block, the block vector cosis of each matched reference are calculated and the

one with the minimum cost 1s selected.

(61331 In block matching search, the search range is set to cover both the previous and

current CTUs.

10134] At CU level, IBC mode is signailed with a flag and it can be signalled as IBC
AMVP mode or IBC skip/merge mode as follows:

— IBC skip/merge mode: a merge candidate index is used to indicate which of the block
vectors in the list from neighbouring candidate IBC coded blocks 1s used to predict the current
block. The merge list consists of spatial, HMVP, and pairwise candidates.

IBC AMVP mode: block vector difference is coded in the same way as a motion vector
difference. The block vector prediction method uses two candidates as predictors, one from left
neighbour and one from above weighbour (f IBC coded). When either neighbour is not
available, a default block vector will be used as a predictor. A flag 1s signalled to indicate the
block vector predictor index.

2.7, Cross-component Hnear model prediction
i0135] To reduce the cross-component redundancy, a cross-component linear model
(CCLM) prediction mode 1s used in the VVC, for which the chroma samples are predicted
based on the reconstructed luma samples of the same CU by using a linear model as

tollows:
prede (L) = a-rec /(L) + B 2-1)
where predc(i, ) represents the predicied chroma samples ina CU and recy {1.{) represents

the down-sampled reconstructed luma samples of the same CU.

1¢6i36] The CCLM parameters {aand §) are derived with at most four neighbouring
chroma samples and their corresponding down-sampled luma samples. Suppose the
current chroma block dimensions are WoH, then W' and H’ are set as

W’ =W, H = H when LM mode is applied;

- W =W+ Hwhen LM_T mode 15 applied;
- H =H+Wwhen LM L mode s applied.

[8137] The above neighbouring positions are denoted as S{ 0, -1 1. 8f W7 — 1, ~1 Jand

the left neighbouring positions are denoted as S{ -1, 0 1. S[ -1, H — 1 ]. Then the four

20
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samples are selected as

— S[W /4, -1 L8[3*W /4 -1, S[-LH /4] 8[-1,3*H /4 ]when LM modeis
applied and both above and left neighbouring samples are available;

— S{W/E -1 SI3*W /8, ~1LSI5*W /B, -1 8[7*W /8 ~1]when LM T
mode is applied or only the above neighbouring samples are available;
S[-L H /8L 8[~L,3%H /8L S[~1, 5*H /8% S[~1, 7*H /8] when LM L
mode is applied or only the left neighbouring samples are available.

i0138] The four neighbouring luma samples at the selected positions are down-sampled

and compared four times to find two larger values: x"4 and x4, and two smaller values:

"z and x'p. Their corresponding chroma sample values are denoted as v, y'u, Vi and v's,

Then x4, xz, y4 and ys are derived as:

X4 + 1 #1051 =0T + xhe 10> Y% + U H 1> 1 B0 + s H1 1

i0139] Finally, the lingar model parameters @ and f are obtained according to the

following equations.

Y~y -
- XKg—Xp (4“3)

16846] Fig. 9 shows an example of the location of the left and above samples and the

sample of the current block involved in the CCLM mode.

{6141} The division operation to calculate parameter o is implemented with a look-up
table. To reduce the memory required for storing the table, the diff value (difference
between maximum and mimmum values) and the parameter o are expressed by an
exponential notation. For example, diff is approximated with a 4-bit significant part and
an exponent. Consequently, the table for 1/diff is reduced into 16 elements for 16 values
of the significand as foliows:

DivIable[1=10,7,6,5,5,4,4,3,3,2,2. 1,1,1,1,0} (2-53.
10142] This would have a benefit of both reducing the complexity of the calculation as

well as the memory size required for storing the needed tables.

{61431 Besides the above template and left template can be used to calculate the linear
model coefficients together, they also can be used alternatively in the other 2 LM modes,
called LM T, and LM L modes.

[0144] In LM T mode, only the above template 1s used to calculate the linear model

coefficients. To get more samples, the above template s extended to (W+H) samples. In

21
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-

LM L mode, only left template is used to calculate the linear model coefficients. To get

more samples, the left template is extended to (H+W) samples.

[8145] In LM mode, left and above templates are used to calculate the linear model

coefficients.

10146] To match the chroma sample locations for 4:2:0 video sequences, two types of
down-sampling filter are applied to luma samples to achieve 2 to 1 down-sampling ratio
in both horizontal and vertical directions. The selection of down-sampling filter is
specified by a 8PS level flag. The two down-sampling filters are as follows, which are
corresponding to “type-07 and “type-27 content, respectively.

Rec /(L) = F‘ec;ﬁ(Zi — 1,2 — 1) + 2 rec (2i — 1,2 — 1) + recy (2 + 1,2j — 1) }

vec (21,2j — 1) +rec (2 — L2} + 4 - vec {20, 2]

rec (i, ) = 1 )E % 3 {2-7)

101471 Note that only ong luma line (general line buffer in intra prediction) is used to
make the down-sampled luma samples when the upper reference line is at the CTU

boundary.

[6148] This parameter computation is performed as part of the decoding process, and is
not just a5 an encoder search operation. As a result, no syntax is used to convey the o and

8 values to the decoder.

10149] For chroma intra mode coding, a total of 8 intra modes are allowed for chroma
intra mode coding. Those modes include five conventional intra modes and three cross-
component linear model modes (LM, LM T, and LM L)} Chroma mode signalling and
derivation process are shown in Table 3. Chroma mode coding directly depends on the
intra prediction mode of the corresponding luma block. Since separate block partitioning
structure for luma and chroma compounents 1s enabled in 1 slices, one chroma block may
correspond to multiple luma blocks. Therefore, for Chroma DM mode, the intra prediction
mode of the corresponding luma block covering the center position of the current chroma

block is directly inherited.

Table 3 Derivation of chroma prediction mode from luma mode when CCLM is enabled
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Corresponding luma intra prediction mode

Chroma prediction mode | ¢ 50 |18 1 X
(0 <= X <= 66)

0 66 0 0 0 0

I 50 60 50 50 30
2 18 1& 60 18 18
3 1 1 1 66 i

4 G 50 18 i X
3 &1 8l 8l 31 31
6 82 82 82 82 82
7 83 &3 &3 &3 &3

i6158] A single binanzation table is wused regardless of the wvalue of

sps_cclm enabled flag as shown in Table 4.

Table 4 Unitied binarization table for chroma prediction mode

Value of ‘ '
intra_chroma pred mode Bin string
4 00
0 0100
! 0101
2 0110
3 o111
> 10
5 110
7 111

[6151] In Table 4, the first bin indicates whether 1t is reguiar (0) or LM modes {1} If it
is LM mode, then the next bin indicates whether 1t 1s LM _CHROMA (0) or not. If it is
not LM _CHROMA, next 1 bin tndicates whether it ts LM L (0) or LM _T (1) For this
case, when sps cclm enabled flag 1s 0, the first bin of the binarization table for the
corresponding intra_chroma pred mode can be discarded prior to the entropy coding. Or,
in other words, the first bin is inferred to be 0 and hence not coded. This single binarization
table 15 used for both sps_cclm_enabled flag equal to 0 and 1 cases. The first two bins o

Table 4 are context coded with its own context model, and the rest bins are bypass coded.

10152] Inaddition, in order to reduce luma-chroma latency in dual tree, when the 64464
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luma coding tree node is partitioned with Not Split {and ISP is not used for the 64 x64 CU)
or QT, the chroma CUsin 32x32/32x106 chroma coding tree node is allowed touse CCLM
in the following way:
—  Ifthe 32432 chroma vode 1s not sphit or partitioned QT split, all chromwa CUs n the
32x32 node can use CCLM;

I the 32x32 chroma node is partitioned with Horizontal BT, and the 32x16 child
node does not split or uses Vertical BT split, all chroma CUs in the 32x16 chroma
node can use CCLM.

IB183] In all the other luma and chroma coding tree split conditions, CCLM is not

allowed for chroma CU.

2.8, Multi-meodel linear model (MMELM}
i8134] With MMLM, there can be more than one linear models between the luma
samples and chroma samples in a CU. In this method, neighboring luma samples and
neighboring chroma samples of the current block are classified into several groups, each
group is used as a training set to derive a linear model (i.e, particular o and § are dertved
tor a particular group). Furthermore, the samples of the current luma block 15 also

classified based on the same rule for the classification of neighboring luma samples.

[0185) The neighboring samples can be classified into M groups, where M is 2 or 3.
The MMLM method with M=2 and M=3 are designed as two appended Chroma prediction
modes named MMELM2 and MMLM3, besides the original LM mode. The encoder chooses

the optimal mode in the RDO process and signal the mode.

[6156] When M is equal to 2, Fig. 10 shows an example of classifying the neighboring
samples into two groups. Threshold s calculated as the average value of the neighboring
reconstructed Luma samples. A neighboring sample with Rec’Lix,y] <= Threshold

hacgNesy A
SEEL kA {A«, _}

e

= Threshold {5 classified into group 1, while a neighboring sample
withRec' [x, vl > Threshold Rec’L{x,v] > Threshold is classified into group 2. Similar to
CCLM, there are 3 modes in MMLM, namely MMLM, MMLM T, and MMLM L. Two
models are derived as below.
' Pred Jx, yi=uo xRec' [x,v]+ B if Rec', [x, y]< Threshold (2.8}
Pred x, vl=oy xReo' [x, y]+ B, if Rec' | [x, y}> Threshold S
(01571 The threshold which is the average of the luma reconstructed neighboring

samples. The linear model of each class is dertved by using the Least-Mean-Square (ILMS)

24
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method, if enabled, or min/max method ot VVC.

2.9, Position dependent intra prediction combination
[0158] In VVC, the resulis of intra prediction of DC, planar and several angular modes
are further modified by a position dependent intra prediction combination (PDPC) method.
PDPC is an intra prediction method which invokes a combination of the boundary
reference samples and HEVC stvle intra prediction with filtered boundary reference
samples. PDPC 1s applied to the following intra modes without signalling: planar, DC,
intra angles less than or egual to horizontal, and intra angles greater than or equal to
vertical and less than or equal to 80, If the current block is BDPCM mode or MRL index

is farger than O, PDPC 13 not applied.

[6158] The prediction sample pred{x’y "} is predicted using an intra prediction mode

(DC, planar, angular) and a linear combination of reference samples according to the

Equation 2-8 as follows:

pred(x 'y y= Chip(0, {1 <<BiutDepth } - 1, (Wl R 1y +wixHy 1 H64 —wil —wiixpred(x’y’)
+32926)  (2-9)

whete N -1, 815 represent the reference samples located at the top and left boundanies of

current sample {x, v}, respectively.

16166] I PDPC s applied to DC, planar, horizontal, and vertical tutra modes, additional
boundary filters are not needed, as required in the case of HEVC DC mode boundary filter
or horizontal/vertical mode edge filters. PDPC process tor DC and Planar modes 13
tdentical. For angular modes, if the current angular mode 1s HOR _IDX or VER DX left
or top reference samples s not used, respectively. The PDPC weights and scale factors
are dependent on prediction modes and the block sizes. PDPC is applied to the block with

both width and height greater than or equal to 4.

iB¥161] Figs 11A-11D illustrate the definition of reference samples (J 1 and K1) for
PDPC applied over various prediction modes. The prediction sample pred(x’, v "} is located
at {x’, y") within the prediction block. As an example, the coordinate x of the reference
sample Mo 1is given by x=x "+ 3+ 1, and the coordinate y of the reference sample K1y
is similarly given by: y =x "+ y '+ | tor the diagonal modes. For the other angular mode,
the reference samples Kie-1 and R-1, could be located in fractional sample position. In this

case, the sample value of the nearest integer sample location is used.
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236, sradient PDPC
10162] The gradient based approach is extended for non-vertical/non-horizontal mode,
as shown tn Fig. 12. Here, the gradient is computed as r{-1, y) — t(-1+ d, -1}, where d 13

the horizontal displacement depending on the angular direction. A few points to note here:

I8163] The gradient term 1{-1, y} —t{-1+d, -1} s needed to be computed once for every

row, as it does not depend on the x position.

10164] The computation of d 15 already part of original intra prediction process which
can be reused, so a separate compuiation of d is not needed. Accordingly, d 18 in 1/32

pixel accuracy.

IB165] It bas used two tap (linear) filtering when d 15 at fractional position, i.e., if dPos

is the displacement in 1/32 pixel accuracy, dint is the {floored} integer part (dPos>>5) |

and dFract is the fractional part o 1/32 pixel accuracy (dPos & 31}, then r{-1+d) 1s

computed as:

r{-1+d) = (32 — dFrac) * r{-1+dint) + dFrac * r{-1+dInt+1}.

i8166] This 2 tap filtering 15 performed once per row (if needed), as explained in a.

161671 Finally, the prediction signal is computed as follows:

p(oy) = Clip({ (64 — wL{x}) * plxy) + wh(x) * (r(-1, y) - r{-1+d,- 1)} + 32) >> &)

where wL{x} = 32 >> {{(x<<1)>>nScale2), and nScale? = (log2(nThH) + log2{u TbW) -

23 >> 2, which are the same as vertical/horizontal mode. In a nutsheli, the same process

ts applied compared to vertical/honizontal mode {(in fact, d = 0§  indicates

vertical/horizontal mode).

[0168] Second, it can activate the gradient based approach for non-vertical/non-

horizontal mode when (nScale < 0} or when PDPC can’t be applied due to unavailability

of sccondary reference sample. It has shown the values of nScale in Fig. 13, with respect

to TB size and angular mode, to better visualize the cases where gradient approach is used.

Additionally, in Fig. 14, it has shown the flowchart for current and proposed PDPC.
211 Secondary MPM

18169] The exsting primary MPM (PMPM) list cousists of 6 entries and the secondary

MPM (SMPM) list includes 16 entries. A general MPM list with 22 entries is constructed

first, and then the first 6 eniries i this general MPM list are wocluded into the PMPM list,

oy
<0
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and the rest of entries form the SMPM list. The first entry in the general MPM list is the
Planar mode. The remaining entries are composed of the intra modes of the left (L), above
(A}, below-ieft (BL), above-right (AR), and above-left (AL} uneighbouring blocks as
shown in Fig 15, the directional modes with added offset from the first two available

directional modes of neighbouring blocks, and the default wodes.

[6176] If a CU block is vertically oriented, the order of neighbouring blocks is A, L,
BL, AR, AL; otherwise, 1t1s L, A, BL, AR, AL,

i6171] A PMPM flag is parsed first, if equal to 1 then a PMPM index is parsed to
determine which entry of the PMPM list is selected, otherwise the SPMPM flag is parsed

to determine whether to parse the SMPM index or the remaining modes.

2.12. G-tap intra interpolation filter
16172] To improve prediction accuracy, it is proposed to replace 4-tap Cubic
interpolation filter with 6-tap interpolation filter, the filter coefficients are derived based

on the same polynomial regression model, but with polynomial order of 6.

[06173] Filter coefficients are listed below,

{0, 0,256, 0, 0, 01}, // 0/32 position
{0, 4,253 9 .2 01}, // 1/32 position
{1, 27,249, 17, -4, 0O}, // 2/32 position
£ 01,-10, 245, 25, -6, 1%, // 3/32 position
{1, -13, 241, 34, -&, 11}, // 4/32 position
{ 2,-16,235, 44, -10, 1}, // 5/32 position
2,-18,229, S3,-12, 2}, // 6/32 position
2,-20,223, 63,-14, 2%, // 7/32 position
2,-22,2%7, 72,15, 2}, // 8/32 position
3,-23,209, 82,-17, 2}, // 9/32 position
,-24,202, 92,-19, 2}, // 10/32 position

~25, 194, 101, -20, 33, // 11/32 position
,=25, 185, 111, -21, 3}, /7 12/32 position
,-26, 178, 121, -23, 3}
~25, 168, 131, -24, 33, // 14/32 position
L =25, 159, 141, -25, 3}, /7 15/32 posttion
=25, 180, 150, 225, 3}

e W

98]
N

. /113732 position

e N N e T N N T S
[FS TV 98]

-
{

// half-pel position.

16874] The reference samples used for wnterpolation come from reconstructed samples
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ot padded as in HEVC, so that the conditional check on reference sample availability is

not needed.

I8175] Instead of using nearest rounding operation to derive the extended Intra
reference sample, it is proposed to use 4-tap Cubic interpolation filter. As shown in an
example in Fig. 16, to derive the value of reference sample P, a four tap interpolation filter

is used, while in JEM-3.0 or HM, P is directly set as X1,

2.13. Multiple reference line (MRL) intra prediction
16176] Multiple reference hine (MRL) intra prediction uses more reference lines for
intra prediction. In Fig. 17, an example of 4 reference lines is depicted, where the samples
of segments A and F are not fetched from reconsiructed neighbouring samples but padded
with the closest samples from Segment B and E, respectively. HEV( intra-picture
prediction uses the nearest reference line {(1.e., reference line 0). In MRL, 2 additional

lines {reference line 1 and reference line 2) are used.

(617717 The index of selected reference line {(mrl idx) is signalled and used to generate
tntra predictor. For reference line index, which is greater than 0, only include additional
reference line modes in MPM list and only signal MPM index without remaining mode.
The reference line index 1s sigonalled before 1utra prediction modes, and Planar mode 13

excluded from intra prediction modes in case a nonzero reference line index is signalied.

i6178] MRL is disabled for the first line of blocks inside a CTU to prevent using
extended reference samples cutside the current CTU line. Also, PDPC 15 disabled when
additional line is used. For MRL mode, the derivation of DC value in BC intra prediction
mode for non-zero reference line indices are aligned with that of reference line index 0.
MRE requires the storage of 3 neighbouring luma reference lines with a CTU to generate
predictions. The Cross-Component Linear Model (CCLM) tool also requires 3
neighbouring luma reference lines for its down-sampling filters. The definition of MRL

to use the same 3 lines 18 aligned as CCLM to reduce the storage requirements for decoders.

2.14, Intra sub-partitions (I8P}
161791 The intra sub-partitions (I8P) divides luma intra-predicted blocks vertically or
horizontally into 2 or 4 sub-partitions depending on the block size. For example, minimur
block size for ISP 15 4x8 {or 8x4}. If block size is greater than 4x8 (or 8x4) then the

corresponding block is divided by 4 sub-partitions. It bas been noted that the M X 128
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{with M < 64) and 128 X N (with N < 64} I8P blocks could generate a potential issue
with the 64 x 64 VDPU. For example, an M X 128 CU in the single tree case has an
M X 128 luma TB and two corresponding 511 X 64 chroma TBs. If the CU uses ISP, then
the luma TB will be divided into four M X 32 TBs (only the horizontal split is possible},
each of them smaller than a 64 X 64 block. However, in the current design of ISP chroma
blocks are not divided. Therefore, both chroma components will have a size greater thap
a 32 # 32 block. Analogously, a similar situation could be created with a 128 x N CU
using ISP, Hence, these two cases are an issue for the 64 X 64 decoder pipeline. For this
reason, the CUJ sizes that can use ISP is resiricted to 3 maximum of 64 X 64, Figs. 18A-
188 show examples of the two possibilities. All sub-partitions fulfill the condition of

having at least 16 samples.

(61801 In ISP, the dependence of 1«N/2xN subblock prediction on the reconstructed
values of previously decoded 1xN/2xN subblocks of the coding block is not allowed so
that the minimum width of prediction for subblocks becomes four samples. For example,
an BxN (N > 4) coding block that 15 coded using ISP with vertical split 1s split into two
prediction regions each of size 4xN and four transforms of size 2xN. Also, a 4xN coding
block that is coded using ISP with vertical split is predicted using the full 4 xN biock; four
transform each of IxN isused. Although the transform sizes of 1 xN and 2xN are allowed,
it is asserted that the transform of these blocks in 4 <N regions can be performed in parallel.
For example, when a 4xN prediction region contains four 1xN transforms, there is no
transform in the horizontal direction; the transform in the vertical direction can be
performed as a single 4xN transform in the vertical direction. Similarly, when a 4xN
prediction region contains two 2xN transform blocks, the transform operation of the two
2xN blocks in each direction (horizontal and vertical) can be conducted n parallel. Thus,
there 15 no delay added in processing these smaller blocks than processing 4 x4 regular-

coded intra blocks.

29
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Table 5 Entropy coding coefficient group size

Black Size Cocfiicicnt group Nize
Ix N N> 16 1=x1s6
NxiN2>16 16 x1
2xNNZ>8 2 X8
NxZ2N=8 8 x2
Allotherpossible M X Ncases | 4x4

i0181] For each sub-partition, reconstructed sampies are obtained by adding the
residual signal to the prediction signal. Here, a residual signal is generated by the
processes such as entropy decoding, inverse quantization and tnverse transform. Therefore,
the reconstructed sample values of each sub-partition are available to generate the
prediction of the next sub-partition, and each sub-partition is processed repeatedly. In
addition, the tirst sub-partition to be processed 1s the one containing the top-left sample
of the CU and then continuing downwards {horizontal split) or nnghtwards (vertical split).
As a result, reference samples used to generate the sub-partitions prediction signals are
only located at the left and above sides of the lines. All sub-partitions share the same intra

mode. The foliowings are summary of interaction of ISP with other coding tools.

—  Multiple Reference Line (MRLY): ifa block has an MRL index other than 0, then the ISP
coding mode will be inferred to be 0 and therefore ISP mode information will not be
sent to the decoder.

— Entropy coding coefficient group size: the sizes of the entropy coding subblocks have
been modified so that they have 16 samples in all possible cases, as shown in Table 5.
Note that the new sizes only affect blocks produced by ISP 1o which one of the dimen-
sions is less than 4 samples. In all other cases coefficient groups keep the 4 X 4 dimen-
s10nS.

CBF coding: 1t is assumed to have at least one of the sub-partitions has a non-zero CBF.
Hence, if n 1s the nurober of sub-partitions and the fitst n — 1 sub-partitions have pro-
duced a zerc CBF, then the CBF of the n-th sub-partition is inferred to be 1.

—  Traunsform size restriction: all ISP trausforms with a length larger than 16 poinis uses
the DCT-I1
MTS flag: if a CU uses the ISP coding mode, the MTS CU flag will be set to 0 and it
will not be sent to the decoder. Therefore, the encoder will not perform RD tests for the
different available transforms for each resulting sub-partition. The transform choice for
the ISP mode will instead be fixed and selected according the intra mode, the processing
order and the block size utilized. Hence, no signalling is required. For example, let £
and y, be the horizontal and the vertical transforms selected respectively forthe w x A
sub-partition, where w 1s the width and & is the height. Then the transform is selected
according to the following rules:

Ifw=1orh =1, then there 1s no horizontal or vertical transform respectively.
Ww > dandw < 16, 1, = DST-VI, otherwise, £, = DCT-IL
— Wh=4and h <16, &, = DST-VIL, otherwise, &, = DCT-IL
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[6182] In ISP mode, all 67 intra prediction modes are allowed. PDPC 15 also applied if
corresponding width and height is at least 4 samples long. In addition, the reference
sample filtering process {reference smoothing) and the condition for infra interpolation
filter selection doesn’t exist anymore, and Cubic (DCT-IF) filter 1s always applied for

fractional position interpolation in ISP mode.

2.15. Matrix weighted Intra Prediction (MIP)
[0183] Matrix weighted intra prediction (MIP) method 1s a newly added intra prediction
technique into VVC. For predicting the samples of a rectangular block of width W and
height H, matrix weighted intra prediction (MIP) takes ove line of H reconstructed
neighbouring boundary sawples left of the block and one line of W reconstructed
neighbouring boundary samples above the block as tnuput. I the reconstructed samples are
unavailable, they are generated as it 1s done in the conventional intra prediction. The
generation of the prediction signal is based on the following three steps, which are

averaging, matrix vector multiplication and linear interpolation as shown in Fig. 19

2.15.1. Averaging neighbouring samples
i0184] Among the boundary samples, four samples or eight samples are selected by
averaging based on block size and shape. Specifically, the input boundaries bdry™? and

aF o'p {eft
Lrt are tveduced to smaller boundaries bdry, and bdrv !

bdry Vyes Yooy DY averaging

neighbouring boundary samples according to predefined rule depends on block size. Then,
the two reduced boundaries bdry o5 and bdr'\ (4 are concatenated to a reduced boundary
vector bdry,,.q which is thus of size four for blocks of shape 4 « 4 and of size eight for
blocks of all other shapes. If mode refers to the MIP-mode, this concatenation s defined

as follows:

0D

7V bdry T for W = H = 4 and mode < 18

Ehdm/l;i‘,hdm;;}”} for W = H = 4 and mode > 18
[bdry™o? bdrvzpﬁl formax(W, H) = 8 and mode < 10
] >

(2-10)

i)d?"}/’r o = { ved ? red
° 10

bdr yh,ji’;bd? }, e } formax(W, H) = 8 and mode

bdr;?na ,bdryk’ ‘j formax(W, H} > 8and mode < 6

Ebdrvbzg ,bdryiot 1 formax(W, H) > 8and mode = 6.

23582, Matrix Multiplication
[0185] A matrix vector multiphication, followed by addition of an offset, is carried out

with the averaged samples as an input. The result is a reduced prediction signal on 3
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subsampled set of samples in the oniginal block. Out of the reduced input vector bdry,.q
a reduced prediction signal pred ., which s a signal on the down-sampled block of width

W,eq and height H,.,, 1s generated. Here, W, ., and H, ., are defined as:

rea
B 4 formax(W,H) <8 o~
Wiea = {min(W L 8) formax(W,H) > 8 (2-11)
4 formax(W, H) < 8 ,
Hyod = | : ‘ (2-12)

{min(H,8) for max(W,H) > 8
16186] The reduced prediction signal pred,.q i1s computed by calculating a ratrix

vector product and adding an offset:

pred g = A bdry,.q. + 5. {2-13)
{61871 Here, 4 is a matrix that has W,..q - H,yeq rows and 4 columns if W = H = 4 and
8 columns in all other cases. # is a vector of size W,z - H,og. The matrix 4 and the offset
vector b are taken from one of the sets Sy, 5, 5, One defines an index idx = idx{W, H)
as follows:

0 forW=H=4
ide(W, H) =4{1 formax(W, H) =28 (2-14)
2 formax{W,H) > 8.

i0188] Here, each coefficient of the matrix A is represented with 8 bit precision. The
set 8, consists of 16 matrices AL i€ {0, ..., 15} each of which has 16 rows and 4 columns
and 16 offset vectors b, i € {0, ..., 16} each of size 16. Matrices and offset vectors of that
set are used for blocks of size 4 x 4. The set § consists of § matrices Ali e {6, ..., 71,
each of which has 16 rows and § columuns and 8 offset vectors bi, i € {0, ..., 7} each of size
16. The set S, consists of 6 matrices 45,1 € {0, ..., 5}, each of which has 64 rows and &

columns and of 6 offset vectors bS,{ € {0, ..., 5} of size 64.

2.15.3. Interpolation
[0189] The prediction signal at the remaining positions is generated from the prediction
signal on the subsampled set by linear interpolation which i1s a single step linear
interpolation in each direction. The interpolation is performed firstly in the horizontal
direction and then in the vertical direction regardless of block shape or block size.
2.15.4. Signalling of MIP mode and harmonization with other coding
tools

[6196] Foreach Coding Unit (CU} in intra mode, a flag indicating whether an MIP mode

32



10

WO 2025/010276 PCT/US2024/036573

is to be applied or not is sent. If an MIP mode is to be applied, MIP mode
(predModeintra) is signalled . For an MIP mode, a transposed flag (isTransposed),
which determines whether the mode is transposed, and MIP mode Id {(modeld), which

determines which matrix 1s to be used for the given MIP mode is derived as follows

isTransposed = predMaodelntra&l

modeld = predModeintra >> 1 {2-15).
i6191] MIP coding mode is harmonized with other coding tools by considering
following aspects:

LFNST is enabled for MIP on large blocks. Here, the LENST transforms of planar mode
are used;
The reference sample derivation for MIP is performed exactly as for the conventional
intra prediction modes;

— For the up-sampling step used in the MiP-prediction, original reference samples are
used instead of down-sampled ones;
Clipping 1s performed before up-sampling and not after up-sampling;

—  MIP s allowed up to 64x64 regardiess of the maximum transform size.

10192] The number of MIP modes 15 32 for sizeld=0, 16 for sizeld=1 and 12 for sizeld=2.

2.16. Decoder-side intra mode derivation
[8193] In JEM-2.0 intra modes are extended to 67 from 35 modes in HEVC, and they
are derived at encoder and explicitly signalled to decoder. A significant amount of
overhead 1s spent on intra mode coding tn JEM-2 0 For example, the intra mode signalling
overhead may be up to 5~10% of overall bitrate in all intra coding configuration. This
contribution proposes the decoder-side intra mode derivation approach to reduce the intra

mode coding overhead while keeping prediction accuracy.

161941 To reduce the overhead of intra mode signalling, this contribution presents a
decoder-side intra mode derivation (DIMD) approach. In the proposed approach, instead
of signalling intra mode explicitly, the information is derived at both encoder and decoder
trom the neighbouring reconstructed samples of current block. The intra mode derived by
DIMD ts used in two ways:

1y For 2Nx#2N CUs, the DIMD mode is used as the intra mode for intra prediction when the
corresponding CU-level DIMD flag s turned on;

23y For Nx«IN CUs, the BIMD mode 15 used to replace one candidate of the existing MPM list

to improve the efficiency of intra mode coding.
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2.16.1. Templated based intra mode derivation

I195]  Asiilustrated 1o Fig. 20, the target denotes the current block (of block size N)
for which intra prediction mode is to be estimated. The template (indicated by the
patterned region in Fig. 20) specifies a set of already reconstructed samples, which are
used to denive the intra mode. The template size is denoted as the number of samples
within the template that extends to the above and the left of the target block, 1.e., L. In the
current implementation, a template size of 2 (1.e, L = 2) is used for 4x4 and Sx8 blocks
and a template size of 4 {i.e., L = 4} is used for 1616 and larger blocks. The reference of
template (indicated by the dotted region in Fig. 20} refers to a set of neighbouring samples
from above and left of the template, as defined by JEM-2.0. Unlike the template samples
which are always from reconstructed region, the reference samples of template may not
be reconstructed yvet when encoding/decoding the target block. In this case, the existing
reference samples substitution algorithm of JEM-2.0 1s utilized to substitute the

unavailable reference samples with the available reference samples.

186196] For each intra prediction mode, the DIMD calculates the absolute difference
{SAD) between the reconstructed template samples and its prediction samples obtained
from the reference samples of the template. The intra prediction mode that yields the

minimum SAD is selected as the final intra prediction mode of the target block.

2.16.2, DIMD for intra 2Nx2ZN CUs
18197] For intra 2Nx2N CUs, the DIMD 18 used as one additional intra mode, which 13
adaptively selected by comparing the DIMD inira mwode with the optimal normal intra
maode (i.e., being explicitly signalled ). One flag is signalled for each intra 2Nx2ZN CU to
indicate the usage of the DIMD. If the flag is one, then the CU is predicted using the intra
mode derived by DIMD,; otherwise, the DIMD 13 not applied and the CU is predicted using
the intra mode explicitly signalied in the bit-stream. When the DIMI» is enabled, chroma
components always reuse the same tntra mode as that derived for luma component, 1.¢,,

DM mode.

[6198] Additionally, for each DIMD-coded CU, the blocks in the CU can adaptively
select to derive their intra modes at either PU-level or TU-level. Specifically, when the
DIMD flag is one, another CU-level DIMD control flag is signalled to indicate the level

at which the DIMD is performed. If this flag is zero, it means that the BIMD is performed

34
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at the PUJ level and all the TUs in the PU use the same derived intra mode for their intra
prediction; otherwise {(1.¢., the DIMD control flag 15 one), it means that the DIMD 1s

performed at the TU level and each TU in the PU derives its own intra mode.

16199] Further, when the DIMD is enabled, the number of angular directions increases
to 129, and the DC and planar modes still remain the sarme. To accommodate the increased
granularity of angular intra modes, the precision of intra interpolation filtering for DIMD-
coded CUs wncreases from 1/32-pel to 1/64-pel. Additionally, in order to use the derived
intra mode of a DIMD coded CU as MPM candidate for neighbouring intra blocks, those
129 directions of the DIMD-coded CUs are converted to “normal” intra modes (i.e., 65

angular tntra directions) before they are used as MPM.

2.16.3, DIMD for intra NxN CUs

-
H
}

/

16260] In the proposed method, intra modes of intra NxN CUs are always signalled |
However, to improve the efficiency of intra mode coding, the intra modes derived from
DIMD are used as MPM candidates for predicting the intra modes of four PUs in the CUL
In order to not increase the overhead of MPM index signalling, the DIMD candidate is
always placed at the first place in the MPM list and the last existing MPM candidate ts
removed. Also, pruning operation 1s performed such that the DIMD candidate will not be

added to the MPM list it 1t is redundant.

2.16.4. Intra mode search algorithm of DIMD

10261] In order to reduce encoding/decoding complexity, one straightforward fast intra
mode search algorithm is used for DIMD. Firstly, one initial estimation process is
performed to provide a good starting point for intra mode search. Specifically, an initial
candidate hist 15 created by selecting N fixed modes from the allowed tntra modes. Theu,
the SAD is calculated for all the candidate intra modes and the one that minimizes the
SAD is selected as the starting intra mode. To achieve a good complexity/performance
trade-off, the initial candidate list consists of 11 intra modes, including DC, planar and
every 4-th ode of the 33 angular intra directions as defined in HEVC, i.e., inira modes
0,1,2,6, 10 30,34

10262] If the starting intra mode 1s either DC or planar, 1t is used as the DIMD mode.
Otherwise, based on the starting intra mode, one tefinement process 1s then applied where
the optimal intra mode is identified through one iterative search. It works by comparing

at each iteration the SAD values tor three intra modes separated by a given search interval
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and maintain the intra mode that minimize the SAD. The search interval is then reduced
to half, and the selected intra mode from the last iteration will serve as the center intra
mode for the current iteration. For the current DIMD tmplementation with129 angular
intra directions, up to 4 iterations are used in the refinement process to find the optimal
DIMD intra mode.

247, Becoder-side intra mode devivation by calculating the gradients

of neighbouring samples

102831 Three angular modes are sglected from a Histogram of Gradient (Ho(3) computed
from the neighboring pixels of current block. Ouce the three modes are selected, their
predictors are computed normally and then their weighted average 1s used as the final
predictor of the block. To determine the weights, corresponding amplitudes in the HoG
are used for each of the three modes. The BIMD mode is used as an alternative prediction

mode and is always checked in the FullRD mode.

16284] Current version of DIMD has modified some aspecis in the signaling, HoG
computation and the prediction fusion. The purpose of this modification is to improve the
coding performance as well as addressing the complexity concerns raised during the last
meeting (i.e, throughput of 4x4 blocks). The following sections describe the
modifications for each aspect.

2.17.1. Signalling
[62065] Fig. 21 shows the order of parsing flags/indices in VIMS, integrated with the

proposed DIMD.

16286]  As can be seen, the DIMD flag of the block is parsed first using a single CABAC

context, which is initialized to the default value of 154,
16267] If flag = = 0, then the parsing continues normally.

16268] Else (if flag = = 1}, only the ISP index is parsed and the following flags/indices
are inferred to be zero: BDPCM flag, MIP flag, MRL index. In this case, the entire IPM
parsing is also skipped.

Puring the parsing phase, when a regular son-DIMD block inquires the IPM of its DIMD
neighbor, the mode PLANAR IDX is used as the virtual IPM of the DIMD block.

36
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2.17.2. Texture analysis
16269] The texture analysis of DIMD includes a Histogram of Gradient {(HoG)
computation {Fig. 22} The Hol computation is carried out by applying horizontal and
vertical Sobel filters on pixels in a template of width 3 around the block. Except, if above

template pixels fall into a different CTU, then they will not be used in the texture analvsis.

16218} Once computed, the IPMs corresponding to two tallest histogram bars are

selected for the block

[6211] In previous versions, all pixels in the middle line of the tempiate were tnvolved
in the HoG computation [ 1]. However, the current version improves the throughput of this
process by applying the Sobel filter more sparsely on 4x4 blocks. To this aim, only one

pixel from left and one pixel from above are used. This 1s shown in Fig. 22

16212] In addition to reduction in the number of operatious for gradient computation,
this property also simplifies the selection of best 2 modes from the HoG, as the resulting

HoG cannot have more than two non-zero amplitudes.

247.3. Prediction fusion
(62131 The current method uses a fusion of three predictors for each block. However,
the choice of prediction modes is different and makes use of the combined hypothesis
intra-prediction method proposed in [2], where the Planar mode is considered to be used
in combination with other modes when computing an intra-predicted candidate. In the
current version, the two IPMs corresponding to two tallest HoG bars are combined with

the Planar mode.

18214] The prediction fusion 1s applied as a weighted average of the above three
predictors. To this aim, the weight of planar is fixed to 21/64 (~1/3}. The remaining weight
of 43/64 (~2/3) is then shared between the two HoG IPMs, proportionally to the amplitude

of their Ho( bars. Fig. 23 visualises this process.

2,18, Templiate-based intra mode derivation (FIMD)

16215] This contribution proposes a templaie-based intra mode derivation (TIMD)
method using MPMs, in which a TIMD mode is derived from MPMs using the
neighbouring template. The TIMD mode 1s used as an additional intra prediction method

fora CU.
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2.18.1. TIMD mode derivation
10216] For each intra prediction mode in MPMs, The SATD between the prediction and
reconsiruction samples of the template is calculated. The intra prediction mode with the
minimum SATD is selected as the TIMD mode and used for intra prediction of current
CU. Position dependent intra prediction combination (PDPC) is included in the derivation

of the TIMD mode.

2.18.2. TIMD signalling
16217] A flag is signalled in sequence parameter set {SPS) to enable/disable the
proposed method. When the flag is true, a CU level flag is signalled to indicate whether
the proposed TIMD method s used. The TIMD flag 1s signalled right after the MIP flag.
If the TIMD flag is equal to true, the remaining syntax elements related to luma intra

rediction mode, including MRL, ISP, and normal parsing stage for luma tutra prediction
fad > o

modes, are all skipped.

2.18.3. Interaction with new coding tools
i6218] A DIMD wmethod with prediction fusion using Planar was integrated in EE2.
When EE2 DIMD flag is equal to true, the proposed TIMD flag is not signalled and set

equal to false.
[6219]  Similar to PDPC, Gradient PDPC is also included in the derivation of the TIMD
mode.

16228] When secondary MPM is enabled, both the primary MPMs and the secondary
MPMs are used to derive the TIMD mode.
10221] o6-tap interpolation filter 1s not used in the derivation of the TIMD mode.

2.18.4, Modification of MPM list construction in the derivation of

TIMD mode

16222] During the construction of MPM list, intra prediction mode of a neighbouring
block is derived as Planar when it is inter-coded. To improve the accuracy of MPM list,
when a neighbouring block s inter~coded, a propagated intra prediction mode i3 derived
using the motion vector and reference picture and used in the construction of MPM list.

This moditication is only applied to the derivation of the TIMD mode.
2.18.5, TIMID with fusion
[6223] Instead of selecting the only one mode with the smallest SATD cost, this
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contribution proposes to choose the first two modes with the smaliest SATD costs for the
intra modes derived using TIMD method and then fuse them with the weights, and such

weighted intra prediction is used to code the current CU.

162241 The costs of the two selected modes are compared with a threshold, in the test
the cost factor of 2 18 applied as follows:
costModeZ < 27 costModel.
16225)  1If this condition is true, the fusion is applied, otherwise the only model is used.
16226] Weights of the wodes are computed from their SATD costs as follows:
weight] = costMode2 / { costModel + costMode?2 )
weight? = 1 - weightl.
2,19, Convelutienal cross-component meodel (CCCM) for intra prediction
16227]  Itis proposed to apply convolutional cross-component model (CCCM) to predict
chroma samples from reconstructed luma samples in a similar spirit as done by the current
CCLM modes. As with CCLM, the reconsiructed luma samples are down-sampled to

match the lower resolution chroma grid when chroma sub-sampling is used.

10228] Also, similarly to CCLM, there is an option of using a single model or multi-
model variant of CCCM. The multi-model variant uses two models, one model derived
for samples above the average luma reference value and anocther model for the rest of the
samples (following the spirit of the CCLM design). Multi-roodel CCCM wode can be

selected for PUs which have at least 128 reference samples available.

2.19.1. Convelutional filter

18229] The proposed convolutional 7-tap {ilter consist of a 5-tap plus sign shape spatial
component, a nonlinear term and a bias term. The input to the spatial S-tap component of
the filter counsists of a center (C) luma sample which s collocated with the chroma sample
to be predicted and its above/north (N), below/south (8}, left/west (W) and right/east (E)
neighbors as tlustrated below in Fig. 24,

10238] The nonlingar term P is represented as power of two of the center fuma sample
C and scaled to the sample value range of the content:

P=(C*C +midVal ) >> bitDepth.
102311 That is, for 10-bit content 1t is calculated as:
P=(C*C+3512)>> 10
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16232] Thebias term B represents a scalar offset between the input and output (similarly

to the offset term in CCLM) and is set to middle chroma value (512 for 10-bit content).

18233] Output of the filter is calculated as a convolution between the filter coefficients
ci and the input values and clipped to the range of valid chroma samples:

predChromaVal = coC + N + 28 + B + caW + osP + ¢6B.

2.19.2, Caleulation of filier coefficients (training process)

16234] In atraining process, the filter coefficients ¢i are calculated by minimising MSE
between predicted and recounstructed chroma samples in the reference area. Fig 25
tlusirates the reference area which consists of ¢ lings of chroma samples above and left
of the PU. Reference area extends one PU width to the right and one PU height below the
PU boundaries. Area is adjusted to include only available samples. The extensions to the
area shown in blue are needed to support the “side samples” of the plus shaped spatial

filter and are padded when in unavailable areas.

[6235] The MSE minimization is performed by calculating autocorrelation matrix for
the luma input and a cross-correlation vector between the luma input and chroma output.
Autocorrelation matrix 1s LDL decomposed and the final filter coefficients are calculated
using back-substitution. The process follows roughly the calculation of the ALF filter
coefficients in ECM, however LDL decomposition was chosen tnstead of Cholesky
decomposition to avoid using square root operations. The proposed approach uses only

integer arithmetic.

2.18.3. Bitstream signalling
10236] Usage of the mode is signallied with a CABAC coded PU level flag. Oune new
CABAC context was included to support this. When it comes to signalling, CCCM is
considered a sub-mode of CCLM. That is, the CCCM flag 1s only signalled if intra
prediction mode 18 LM _CHROMA IDX (1o enable single mode CCCM) or
MMLM CHROMA IDX (to enable multi-model CCCM).

2.28. Gradient Linear Model (GLM)

16237] Compared with the CCLM, instead of down-sampled luma values, the GLM
utilizes luma sample gradients to derive the linear model. Specifically, when the GLM is
applied, the input to the CCLM process, 1.¢., the down-sampled luma samples L, are

replaced by luma sample gradients &. The other parts of the CCLM (¢ g, parameter
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derivation, prediction sample linear transform} are kept unchanged.
C=a G+
16238] For signaling, when the CCLM mode 15 enabled to the current CU, two flags are

stgnaled separately for Cb and Cr components to tndicate whether GLM is enabled to each

(¥}

component;, if the GLM is enabled for one component, one syntax clement is further

signaled to select one of 4 gradient filters for the gradient calculation.

» Four gradient filters are enabled for the GLM, as llustrated in Fig. 26.

GEM with Luma
10 J823%] In ECM-6.0 [1], GLM utilizes the gradient of luma samples to predict a chroma

sample as:

where pred (i, /) represents the predicted value of a chroma sample, G(i, f) represents the
gradient of the corresponding reconstructed luma samples, and the linear model
parameters o and f§ are derived by adjacent reconstructed samples based on the linear

15 minimom mean square errot {LMMSE) method as CCLM.

(62401 A new GLM mode is proposed that a chroma sample is predicted based on both
the gradient G(i, §) of luma samples and the reconstructed value rec/ (i, j) of the down-
sampled fuma sample with different parameters:
pred (i, jy = ay G, [} + oy reci (i, j) + oy - midValue
20 where the model parameters oy, @y and a, are derived from six rows and columns
adjacent samples based on the LDL decomposition method as the CCCM mode in ECM-

6.0.

2.21.  Gradient and location based convolutional cross-component model (GL-CCCM)
25 for intra prediction

162411 The proposed GL-CCCM method uses gradient and location information instead
of the 4 spatial neighbor samples o the CCCM filter. The GL~-CCCM fiier for the
prediction is;

predChromaVal = coC + c1Gy + c2Ge + o3Y + caX + osP + caB

sd
-
-

16242] Where Gy and Gy are the vertical and horizontal gradients, respectively, and are

calculated as:
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Gy = (2N + NW + NE)} - (28 + 8W + 8E)

G = (ZW + NW + SW) — (2F + NE + SE).
102431 Moreover, the Y and X parameters are the vertical and horizontal locations of
the center luma sample and they are calculated with respect to the top-left coordinates of

the block.

16244] The rest of the parameters are the same as CCCM tool. The reference area for
the parameter calculation is the same as CCUM method. Fig. 27 shows spatial samples
used for GL-CCCM.

Bitstream signalling

[6245] Usage of the mode is signallied with a CABAC coded PU level flag. One new
CABAC context was included to support this. When it comes to signalling, GL-CCCM is
considered a sub-mode of CCCM. That is, the GL-CCCM flag 1s only signalled if original
CCCM ftlag is true.

Encoder operation

162461 The encoder performs two new RD checks in the chroma prediction mode loop,
one for checking single model GL-CCCM mode and one for checking multi-model GL-
CCCM mode. Fi

27 illustrates spatial samples used for GL-CCCM.

o
g
2,22, CCCM asing non-downsampled luma samples

2.22.1. Block level
16247] In this contribution, the CCCM using non-downsampled luma samples is
proposed where the chroma samples are directly predicted from the original reconstructed
tuma samples, 1.e., without downsampling. As shown inFig. 28, the proposed CCCM filter
consists of 6-tap spatial terms, two nonlinear terms and a bias term. The 6-tap spatial
terms correspoud to 6 neighboring luma samples (1.e, Lo, L1, ., L35) to the chroma sample
{(i.e., C) to be predicted.

i~
4

-
o

¢ = Z @ Ly + Z (L) + B) > bitDepth) + oy B

i=0 =5
where a; is the coefficient associated with L; and § s the offset. Same to the existing
CCCM design, up to 6 lines/columns of chroma samples above and left to the current CU
are apphied to derive the filter coefficients. The filter coefficients are derived based on the
same LDL decomposition method used in CCCM. In the contribution, the proposed

method is signaled as one exira CCCM model besides the existing CCCM model. For
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stgnaling, when the CCCM 1s selected, one single flag is signaled and used for both two
chroma components to indicate whether the default CCCM model or the proposed CCCM

model ts applied.

2.23.2. High level control
[6248] Subsampling of luma component may not be optimal for CCCM model
derivation for the content which has sharp details, such as SCC content. In this
contribution it is proposed to disable luma subsampling, derive and apply model on
nonsubsampled luma samples directly,. CCCM model shape ts diamond 5x§ if
subsampling 1s not applied. SPS flag is signalled to indicate whether luma subsampling is

applied for CCCM.

2.23. Spatial GPM (SGPM)

102491 In spatial GPM, a candidate list 1s butlt which includes partition split and two
intra prediction modes. Up to 11 MPMs of intra prediction modes are used to form the
combinations, the fength of the candidate hist is set equal to 16, The selected candidate

index is signalled. Fig. 29 shows spatial GPM candidates. Fig. 30 illustrates GPM template.

102501 The list 1s reordered using template shown in the above figure. GPM blending
process is not used in the template, and SAD between the prediction and reconstruction

of the template is used for ordering. Fig. 30 shows GPM template.

16281] The SGPM mode is applied to blocks whose width and height meet the same

restrictions as in inter GPM.
(02521 The following items are considered:

& Spatial GPM partition modes:
26 predefined modes;
Adaptive derivation algorithin based on the horizontal and vertical gradients ratio.
® Intra prediction mode selection:
IPM list with and without TIMD:
For each partition mode, an IPM list 15 derived for each part using intra-inter
GPM list dertvation. The IPM list size 15 3. In the fist, TIMD derived mode 15 replaced
by 2 derived modes with horizontal and vertical orientations (using top or left
templates) or TIMD derived mode is excluded.
MPM list:

A uniform MPM list, up to 11 eleroents, 15 used for ali partition modes.
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& Template size (left and above) 1 or 4.

® Extended block size:
Spatial GPM is extended to be further applied to 4x8, 8x4, 4x16 and 16x4 blocks, which
can be described as 4<=width<=04, 4<=height<=064, width<height*§, height<width*8§,
width*height>=32.

® Adaptive blending:
Adaptive blending s tested for spatial GPM, where blending depth 1 1s derived as
follows:

= If min{width, heighty==4, 1/2 715 selected,

# else if min{width, heighty==8, 7is selected,

s else if min(width, heighty==16, 2 r1s selected,
= else if min{width, heighty==32, 4 7 is selected,
= else 8 7is selected.

Fig. 31 shows GPM blending.

2.24. Signaling of cross-component prediction modes in ECM

102831 Fig. 32 illustrates binarization of cross-component prediction modes in ECM.
“CCLM” 1n Fig. 32Zmay be replaced by “CCCM”. In ECM-7, cross-components modes
include CCLM, CCLM-L, CCLM-T, MM-CCLM, MM-CCLM-L, MM-CCLM-T, and
CCCM, CCCM-L, CCCM-T, MM-CCCM, MM-CCCM-L, MM-CCCM-T. One flag 1s
signaled to determine whether it is a kind of CCCM mode or a kind of CCLM mode. A
truncated unary code is applied to indicate the CCLM mode or CCCM mode shown in Fig.
32.

CCLM or CCCM: O

MM-CCLM or MM-CCCM: 10;

CCLM-L or CCCM-L: 110;

CCLM-T or CCCM-T: 1119,

MM-CCLM-L or MM-CCCM-L: 11110

MM-CCLM-T or MM-CCCM-T: 11110

228, Slope adjustment for CCLM

16254] CCLM uses a model with 2 parameters to map luma values to chroma values.

The slope parameter “a” and the bias parameter “b” define the mapping as follows:
chromaVal = a * lumaVal + b

[62585] 1t is proposed signal an adjustment “u” to the slope parameter to update the

model to the following form:
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chromaVal =a” * lumaVal + b’
where
a’=atu
p=b-u¥vy:
16256] With this selection the mapping function is tilted or rotated around the point with
luminance value yr. It 15 proposed to use the average of the reference tuma samples used
in the wodel creation as yr in order to provide a meaningful modification to the wodel.

Picture below illustrates the process.

2,26, Fusion of chroma intra prediction modes
[62587] Inthe Test 1.2b, it ts proposed that the DM mode and the four default modes can

be fused with the MMLM LT mode as follows:
pred = (wQ « pred0 + wl*predl + (1 <« (shift — 1)) » =shift

where pred( is the predictor obtained by applving the non-LM mode, predl is the
predictor obtained by applving the MMLM LT mode and pred is the final predictor of
the current chroma block. The two weights, w0 and w1 are determined by the intra
prediction mode of adjacent chroma blocks and shiftis set equal to 2. Specifically, when
the above and left adjacent blocks are both coded with LM modes, {w0, wli={1 3}; when

the above and left adjacent blocks are both coded with non-LM modes, {wQ, wil}={3, 1},

2

otherwise, {wl, wi}={2 2}

10288] For the syntax design, if a non-LM mode is selected, one flag 18 signaled to

tndicate whether the fusion is applied. And the proposed fusion is only applied to I slices.

2.27. History-based cross-component prediction (H-CCP)
1. Ttis proposed that the model{s) of cross-component prediction (CCP), such as CCLM or
CCCM, 11 a block may be stored into a history table (HT).
a. A HT s alist with ordered entries.
i. Each entry has an index. For example, the index of the first entry 15 0, and
indices of following entries are 1, 2, 3, .
b. Model parameters of CCLM and its variants may comprise o, b and a shiff which
controls the calculation precision.
¢. Model parameters of CCLM and its variants may comprise linear parts such as
c0~c4 and vonlinear part such as ¢5.
d. Models may include models for different color components such as Cb and Cr.
i For example, models for Cb and Cr may be coupled in a entry.
e. Inone example, different CCPs like CCLM and CCCM may share the same HT.
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1. In one example, a segment in an entry of the HT may reflect the type of
CCP model{s) stored in the entry.

f. Inone example, different CCPs like CCLM and CCCM may have different HTs,

1. In one example, one CCLM_HT may store models of CCLM and its var-
iants ftke CCLM-L or CCLM-T.

ii. In one exaraple, one CCCM_HT may store models of CCCM and its var-
iants like CCCM-T or CCCM-T.

g Inone example, CCP with a single model (like CCLM or CCCM) and CCP with
multiple models (itke MM-CCLM or MM-CCCM) may have different HTs.

h. In one example, CCP with a single model (like CCLM or CCCM}) and CCP with
multiple models (like MM-CCLM or MM-CCCM}) may share the same HT.

1. In one example, a segment in an entry of the HT may reflect the number
of models stored 1n the eniry.

ii. In one example, a segment in an entry of the HT may retlect at least one
threshold used to classify samples into different groups of models.

1. Inone example, a first HT 15 used to store models of CCLM and its variants.

i In one example, CCLM vanants may comprise CCLM-L, CCLM-T,
MM-CCLM, MM-CCLM-L, MM-CCLM-T, GLM and CCLM with
slope adjustments.

1)y A segment in an entry of the HT may refiect the number of models
stored in the entry.
2} A segment in an entry of the HT may reflect at least one threshold
used to classify samples into different groups of models.
3} Asegmentin an entry of the HT may reflect whether GLM 1s applied.
4) A segment in an entry of the HT may reflect the down-sampling filter
of GEM.
i. o one example, a second HT is used to store models of CCCM and its vaniants.
i In one example, CCCM variants may comprise CCCM-L, CCCM-T,
MM-CCCM, MM-CCCM-L, MM-CCCM-T.
1} A segment in an entry of the HT may reflect the numnber of models
stored in the entry.
2) A segment in an entry of the HT may reflect at least one threshold
used to classify samples into different groups of models.
2. Ttis proposed that a block can be coded with history-based CCP (H-CCP) mode, in which
mode at igast one CCP model used by the current block is fetched or denived from a HT.

a. In one example, at least one syntax element (SE) may be signaled to indicate

whether H-CCP is applied.
i. In one example, the SE may be signaled conditionally. E. g the SE 18 sig-
naled only if a specific mode 15 used, such as CCCM or CCLM.
I} For example, the SE 1s signaled only if the current mode 18 CCCM
or CCLM.

b. In one example, at least one syntax element {(SE)} may be signaled to indicate
which entry in a HT is fetched to denive the model(s) of cross-component predic-
tion.

1. The SE may reflect an index in the HT.
1} In one example, the SE may be set equal to £k} where k 15 an index
and f'is a function.
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2y In one example, the SE may be set equal to f{k, M) where k is an
index, M is the number of valid entries in the HT and {is a function.
a} Inanother example, M is the size of HT.

3} Inone example, the SE may be set equal to k where k is an index.

PCT/US2024/036573

5 4} Inoneexample, the SE may be set equal to M~1-k where k 15 an index
and M 1 the number of valid entries in the HT.
a} Inanother example, M is the size of HT.
i1, The SE may reflect an index of a list and the list may be constructed based
on the HT.

10 1} In one example, the list L is constructed by reversing the HT. For
exampieg, L{{J=HT[M-1-1], wherein M is the number of valid entries
in the HT.

a} In another example, M s the size of HT.
b} In one example, L may have a tixed size.
i5 ¢} In one example, if L 1s not full, the vacant entries are filled with
default entries.
itt.  In one example, the SE may be signaled conditionally. E.g. the SE is sig-
naled only it H-CCP 15 applicable.
iv. The SE may be signaled only if more than one entry in the HT can be
20 selected.
v. The maximum value (denoted as V) of the SE is determined by the num-
ber of entries to be selected.
1y Forexample, V=K, or V= K-, or V=K+1, or V=K-2, or V=K+2,
¢c. In one example, at least one syntax element (SE) may be signaled to indicate
25 which HT is used.
i. In one example, the SE may be signaled conditionally. E. g the SE 18 sig-
naled only 1tf H-CCP is applicable.
it. The SE may be signaled only if more than one HTs can be selected.
d. Inone example, it may be derived at encoder/decoder which HT is used.
30 i. In one example, if the current mode 1s CCLM, a first HT storing models
of CCLM and its variants is used.
it In one example, it the current mode 1s CCCM, a second HT storing mod-
els of CCCM and its variants is used.
¢. Inone example, the current block may be predicted with the CCP model fetched
35 from the determined entry of the determined HT.
£ Inone example, the current block may be predicted with either CCCM or CCLM
based on whether the first HT or the second HT is applied.
¢ In one example, the current block may be predicted with multiple models.
i, Whether single model or multiple models are applied may be de-
40 rived/fetched from the determined entry of the determined HT.
it. At least ong threshold used to classity samples into different groups of
models may be fetched/denved from the determined entry of the deter-
mined HT.
Maintenance of the HT
45 3. The maximum size of a HT may be predetermined, such asto be 5 or 6.
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a. Alternatively, the maximum size of a HT may be signaled as a SE at block level/
sequence level/group of pictures level/picture level/shice level/tile group level,
such as in coding structures of CTU/CU/TURU/CTRB/CRB/TB/PB, or sequence
header/picture  header/SPY/VPS/DPS/DCU/PPN/ APS/slice  header/tile  group
header.

b, Alternatively, the maximum size of a HT may be derived using coding/decoding
information such as

1. The mode of the current block;
ii. The mode of a neighbouring block;
iti. The mode of a luma block in the collocated region of the current block;
iv. The mode of a luma block in the collocated region of a neighbouring
block;

v. P
vi. Shice/picture type;

vii. Picture width/height;

viit. Block width/beight;
ix. Reconstructed samples.

4. A HT may be refreshed at the beginning of encoding/decoding a sequence/pic-
ture/slice/tite/sub-picture/CTU row/CTU.
a. Forexample, a HT may be refreshed by emptying the table.
b, For example, a HT may be refreshed by fulfilling the table with default entries.
5. After encoding/decoding a block (such as a CU}, a HT may be updated.

a. Forexample, the CU must be a chroma CU when dual-tree coding s applied.

b, For example, the CU must be a CU with CCP modes.

¢. For example, which HT to be updated may depend on the coding mode of the
Cy.

i For example, if the CU 18 coded with a CCLM mode (such as CCLM,
CCLM-L, CCLM-T, MM-CCLM, MM-CCLM-L, MM-CCLM-T, GLM
and CCLM with slope adjustments), the model(s) and related information
{such as threshold{s} used to classify samples into different groups of
models) are stored in the first HT.

ii. For example, if the CU is coded with a CCCM mode {such as CCCM,
CCCM-L, CCCM-T, MM-COCM, MM-CCCM-L, MM-CCUM-T}, the
model{s) and related information (such as threshold(s} used to classity
samples into different groups of models) are stored in the first HT.

d. Forexample, a set of information related to the CCP model{s) used by the current
block may be put into the HT.

i. The set may comprise one or multiple CCP models.

1. The set may comprise the number of models.

i1, The set may cormprise threshold(s) used to classity samples into different
groups of models).

iv. The set may comprise slope adjustments.

e. In one example, the CCP model may be adjusted before being used to update the
HT, if the current block is coded with CCLM with slope adjustments.

6. How to put a new set of information related to the CCP model(s} into a HT may depend
on whether the HT 15 full.
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a. Forexample, if the HT is not full, the new set may be put to the first vacant entry

of the HT.
1. For example, the first vacant entry is the vacant entry with the smallest
index.
i1. For example, the first vacant eutry s the vacant entry with the largest
index.

iti.  After being put into the HT, the new set may be put as the last occupled
entry in the HT.
1}y The last occupied entry may be the occupied entry with the largest
index.
2} The last occupied entry may be the occupied entry with the smallest
index.
b. For example, if the HT is full, one existing entry in the HT may be removed.
1. In one example, the HT may be managed in a First In Furst Out way .
1. The existing entry with the smallest index may be removed.
1y The updated HT" may be set as: HPiJ=HT{i+1], for 0<=1 <= N-2,
and HT[N-1}= new set, wherein N i3 the size of HT.
it1.  The existing entry with the largest index may be removed.
1y The updated HT™ may be set as: HT [i}=HT[i-1], for i<=t <= N-1,
and HT'[0}= new set, wherein N is the size of HT.
In one example, the new set may be compared with at least one of the existing eniries in
the HT to determine whether to put into the new set and/or how to update the HT.

8 In one example, if the new set is the same or similar to one of the existing entries in the

HT, the new set is not put nto the HT. Suppose the new set 1s the same or similar to a
special entry of HT.

a. For example, in such a case, the special enfry may be put to the first of the HT,
and the eutries originally before the special entry are pushed one position back-
ward.

i. For example, suppose entries are H1{i] with i = 0, 1..., and the special
entry 1s HTIk], then the updated HT will be as: HT'[0] = HT[k];
HT[i1=HT[i-1] for 1<=i<=k; HT'[i}=HT[i] for i >k.

b. For example, in such a case, the special entry may be put to the end of the HT,
and the entries originally before the special entry are pushed one position forward.

i. For example, suppose entries are HT[i] with 1 =0, 1., and the special
entry i1s HT{k], then the updated HT" will be as; HT’[N-1] = HT{k],
HT [i=HT[i+1] for k<si<s=N-2; HT[i |=HTH] for i <k.

9. Inoneexample, whether to put into the new set and/or how to update the HT may depend

on the coding information of the CU with the new set.
10, In one example, if the new set 1s of a CU coded with H-CCP mode, the new set is not
put into the HT. Suppose a special entry in HT is used by the CU coded with H-CCP.

a. For example, in such a case, the special entry may be put to the first of the HT,
and the eutries originally before the special entry are pushed one position back-
ward.

i. For example, suppose entries are HI{i] with 1 = 0, 1..., and the special
entry 1s HT[k], then the updated HT will be as: HT'[0] = HT[k];
HT{i]=HT[i-1] for I<=i<=k, HT'[i}=HT[i] fori >k
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b. For example, in such a case, the special entry may be put to the end of the HT,
and the entries originally before the special entry are pushed ove position forward.
1. For example, suppose entries are HT]i] with 1= 0, 1., and the special
entry is HT{k], then the updated HT” will be as: HT'[N-1} = HTk];
HT [i=HTli+1] for k<s=i<=N-2, HT'[i]=HT[i] for i <k.
11, Tt 18 proposed that an entry of HT may include models for more than one chroma com-
ponents, such as Cb and Cr.
a. I an entry is selected, then the models for component Cb and Cr are applied on
the two components respectively.
12 Tt 1s proposed that an entry of HT may include models for only one component, such as
CborCr.
a. I an entry 1s selected, then the model for the specific component such as Cb or
Cr is applied on the specific component.
b. Inone example, different HT may be built for ditferent components.

List mode
13 Tt 1s proposed that at least one list with CCP models may be constructed.
a. Inone example, a chroma block may be predicted with a CCP model in the list,
with a “list mode”.
b. In one example, the list L may be filled with one type of CCP models, such as
CCCM
c. In one example, the list may be filled with multiple types of CCP models, such
as both CCCM and CCLM.
i. In one example, the type of the CCP model will be stored in the list to-
gether with the CCP model.
d. In one example, at least one syntax element (SE) may be signaled to indicate
whether a CCP model in the histis used.
i. In one example, the SE may be signaled conditionally. E.¢. the SE is sig-
naled only it a specific mode 1s used, such as CCCM or CCLM.
1) For example, the SE is signaled only if the current mode is CCCM
or CCLM.
2y For example, the 8E is signaled only if the “list mode” is applicable.
e. In one example, at least one syntax element {(SE)} may be signaled to indicate
which entry in the list is used to derive the model(s) of cross-component predic-
tion.
i. The SE may reflect an index in the list.
1y In one example, the SH may be set equal to f{k) where k is an index
and f'is a function.
2} In one exarople, the SE may be set equal to f{k, M) where k 13 an
index, M is the number of valid entries in the list and f'is a function.
a} In another example, M is the size of list.
3} Inone example, the SE may be set equal to k where k 15 an index.
4} Inoneexample, the SE may be set equal to M-1-k where k15 an index
and M 1s the number of valid entries in the list.
a} In another example, M is the size of list.
f. Inone example, L may have a fixed size.
g Inone example, multiple lists may be constructed.

LA
<
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h.

i. Forexample, at least one syntax element (SE} may be signaled to indicate
which list 15 used.
ii. In one example, the SE may be signaled conditionally. E.g. the SE is sig-
naled only if “list mode” is applicable.
itt.  The SE may be signaled only if more than one list can be selected.
In one example, it may be derived at encoder/decoder which hist 1s used.
i, In one example, if the current mode is CCLM, a first list storing models
of CCLM and its variants is used.
. In one example, if the current mode is CCCM, a second list storing mod-
els of CCCM and its variants 1s used.

14. 1t is proposed that an entry of list may include models for more than one chroma com-
ponents, such as Ch and Cr.

a.

If an entry is selected, then the models for component Ch and Cr are applied on
the two components respectively.

15. 1t is proposed that an entry of list may include models for only one component, such as
Chor Cr.

a.

If an eniry is selected, then the model for the specific component such as Chb or
Cr1s applied on the specific component.

16. Multiple candidates may be put into the list, including.

a.
b.

oo

= o

o

.

A CCP model of an adjacent neighbouring block.

A CCP model of a non-adjacent neighbouring block.

A CCP model of a collocated block in a reference picture.
A CCP model of a reference block in a reference picture.
A CCP model in a history table.

A CCP model derived from non-adjacent samples.

A default CCP mode.

17 In one example, a list may be constructed by checking possible candidates in an order.

a.

For example, the order may be adjacent neighbouring blocks, non-adjacent
netghbouring blocks, models in a history table, models derived from non-adja-
cent samples.

For example, the list construction is finished if the number of candidates in the
fist achieves the maximum allowed size of the list {(such as 5 or 6).

For example, the list construction is finished if the sumber of candidates in the
Hist achieves f{d), where d is the index of the selected candidate and f1s a function.
For example, f{dy=d+1.

For example, default models may be put into the list if all possible candidates
have been checked the the construction is not finished.

18, In one example, if a potential candidate is put into the hist, it may be compared with at
least one existing candidate in the list,

a.

b.

For example, the potential candidate 15 not put into the list, if it is the same or
similar to the existing candidate.
In one example, if a potential entry of CCP information 1s put into the history-
based table, it may be compared with at least one existing entries in the list.

1. For example, the potential entry is not put into the list, if 1t 1s the same or

similar {0 an existing entry.

In one example, two CCP candidates or entries are determined NOT to be the
same if

(%4
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1. The CCP types are different.

i1. The numbers of models are different.
ii1. The thresholds are different if the CCP has multiple models,
iv. At least one model is ditferent.

v. The luma sample offset s different. (imaybe only applicable if the type is
CCCM or GL-CCCM or GLM or CCCM with using non-downsampled
luma samples.}

vi. The sample location shifis are different. {(mavbe only applicable if the
type is GL-CCCM),
19. For example, CCP information of an entry in the history-based table or of a candidate in
a CCP candidate list may comprise:
a. The type of the CCP method, such as CCLM or CCCM or GLM or GLM with
fuma or GL-CCCM or CCCM using non~-downsampled luma samples.

i. In one example, GLM method using difterent down-sampling filters may
be considered as different types.

it In one example, GLM with luma method using different down-sampling
filters may be considered as different types.

i1, In one example, the types may be CCCM, CCLM, 4 types of GLM using
ent down-sampling filters, GL-CCCM and CCCM using non-downsan-
pled luma samples.
iv. “Not coded with CCP” (denoted as NonCCP) may also be treated as a
type.
The position {x, v}.
¢. The number of models.

i. For example, the number of models may be 1 or 2.

i1, In one example, the number of models may be considered as a part of the
CCP type. For example, CCLM and MM-CCLM may be considered as
two types.

d. At least one threshold to classify samples for different models.
i. The threshold may be used only if the number of models is at feast 2.

¢. At least one luma sample value offset.

1. The luma sample value offset may be added to or subtracted from a luma
sample (which may be down sampled) when it 1s used to derive a chroma
prediction value.

i1, The luma sample value offset may be used only for specific types such as
CCCM, GLM with luma, GL-CCCM and CCCM using non-down-sam-
ple luma samples.
f. At least one chroma sample value offset.

1. The chroma sample value offset may be added to or subtracted from a
chroma prediction value derived by a CCP model to generate the final
prediction.

a. At least one models for at least one chroma component.

1. For example, it may include different models for Cb and Cr components.
it. For gxample, the number of models for each component may be included
as a part of the information.
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it1.  The model may be represented by the model form of CCLM or CCCM or
GEM or GEM with luma or GL-CCCM or CCCM using non-downsam-
pled luma samples.
h. At least one sample location shift denoted as (dX, dY)

1. The chroma sample location shift may be added 1o or subtracted from the
sample location (x, v} when it 1s used to derive the chroma prediction
value.

it. The chroma sample location shift may be used only for specific types
such as GL-CCCM.
20. For example, the CCP coding information of a chroma block after being coded/decoded
may be stored in the history-based table or in the CCP candidate list.
a. In one example, the CCP coding information may be stored only if the chroma
biock is coded with a CCP mode.

i. In one exarmple, the CCP coding information may be stored if the chroma
block is coded with at least one CCP mode, such as with the fusion of
chroma intra prediction mode.

1} The stored type may be set to bethe CCP type used in the fusion of
chroma intra prediction mode.
b. 1Inone example, the CCP coding information may be stored for any chroma biock.

1. If the chroma block 1s not coded with a CCP mode, the type is stored as
“NonC{P”.

¢. Hthe chroma block 1s coded with a CCP mode, the type of information may be
stored as depending on the coding mode.

1. The type is set to be “CCCM” if the mode 18 CCCM, or CCCM-T, or
CCCM-L, or MM-CCCM, or MM-CCCM-T, or MM-CCCM-L.

ii. The type 18 set to be “CCLM” if the mode 18 CCLM, or CCLM-T, or
CCLM-L, or MM-CCLM, or MM-CCLM-T, or MM-CCLM-L.

itt. The type 1s set to be “CCLM” if the mode 18 CCLM, or CCLM-T, or
CCLM-L, or MM-CCLM, or MM-CCLM-T, or MM-CCLM-L, with
slope adjustments.

iv. Thetypeis setto be “GLM using filter X7 it the mode is GLM using filter
X

v. The typeis set to be “GLM with luma using filter X7 if the mode 1s GLM

with luma using filter X,
vi. The type 1s set to be “GL-CCUM” if the mode is GL-CCCM.

vit. The type 18 set to be “CCCM using non-down-sample” if the mode i3
CCCM using non-down-sample.

viii. The type is set to be “CCLM” if the mode 1s the fusion of chroma intra
prediction mode.

d. The number of models may be stored as the number of models of the chroma
biock.

i. For example, the number of models is set to be 2 if the mode is MM-
CCLM, or MM-CCLM-T, or MM-CCLM-L, or MM-CCLM, or MM-
CCLM-T, or MM-CCLM-L or any other multi-model CCP modes (such
as GLM or GL-CCCM or CCCM using non-downsampled luma samples
with multi-models).

L
93]
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e. Information such as the threshold, the luma/chroma sample value offset, sample

location shift may be stored as the information used by the chroma block.

The CCP model of one component may be stored as the model used by the

chroma block.

1. The model may be derived by any CCP method such as CCLM, or
CCLM-T, or CCLM-L, or MM-CCLM, or MM-CCLM-T, or MM-
CCLM-L or CCCM, or CCOM-T, or CCCM-L, or MM-CCCM, or MM-
CCCM-T, or MM-CCCM-L or GLM using different down-sampling fil-
ters, or GLM with fuma using different down-sampling filters, or GL-

10 CCCM or CCCM ysing non-downsampled luma samples.

i1, The stored model may be the final applied one, such as the one after been
modified by the slope adjustment.

21, In one example, a history table of CCP information afier coding/decoding a region (such
as a CU/CTU/CTU hine) may be stored, known as a stored table.

15 a. The history table of CCP information maintained for the current block (known
as an online table) may be used together with the stored history table of CCP
information.

b. In one example, entries 1n a stored table and in an on-line table may be checked
in an order 10 generate new candidates.

20 1. In one example, entries 1n the on-line table may be checked before all

entries in the stored table.

ii. In one example, entries in the stored table may be checked before all en-
trigs in the on-line table.

it1. For example, k-th entry in the stored table may be checked after the k-th

25 entry in the on-line table.

iv. For example, k-th entry in the on-line table may be checked after the k-th
entry in the stored table.

v. For example, k-th entry in the on-line table may be checked after all the
m-~th entries, in the stored table, for m= 0. § where § is an integer.

s
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30 vi. For example, k-th entry in the stored table may be checked after all the
m-th entries, in the on-line table, for m = 0., § where 8 is an integer,

vii. For example, k-th entry in the on-line table may be checked afier all the
m-~th entries, in the stored table, form = S, maxT, where § is an integer
and maxT is the last entry.

5 viti. For example, k-th entry in the stored table may be checked after all the
m-th entries, in the on-line table, form = S... maxT, where S 15 an integer
and max' is the last entry.

¢. In one example, which stored table(s) to be used may depend on the dimension
and/or focation of the current block.
49 1. For example, the table stored in the CTU above the current CTU may be

used.
ii. For example, the table stored in the CTU left-above to the current CTU
may be used.
it1.  For example, the table stored 1n the CTU night-above to the current CTU
45 may be used.
d. In one example, whether to and/or how to use a stored table may depend on the
dimension and/or location of the current block.

54
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i. In one example, whether to and/or how to use a stored table may depend
on whether the current CU 15 at the top boundary of a CTU and the above
neighbouring CTU is available.

I}y For example, a stored table may be used only if the current CU 1s at
the top boundary of a UTU and the above neighbouring CTU is avail-
able.

2} Forexample, at least one entry in a stored table may be put to a more
forward position if the current CU 1s at the top boundary of a CTU
and the above neighbouring CTU is available,

¢. In one example, entries in two stored tables may be checked in an order to gen-
erate new candidates.

1. For example, a first (or a second) stored table may be stored in the CTU
above the current CTU may be used.

ii. For example, a first (or a second) stored table may be stored in the CTU
left-above to the current CTU may be used.

it1. For example, a first (or a sccond) stored table may be stored in the CTU
right-above 1o the current CTU may be used.

2.28. MNemn-adjacent Cross-Component Prediction (NA-CCP)

1. Ttisproposed that the model{s) of cross~-component prediction, such as CCLM or CCCM,
in a block may be derived based on a set of samples non-adjacent to the current block,
kunown as non-adjacent cross-component prediction (NA-CCP).

a. In one example, the set of samples are non-adjacent to the current block only if
no sarople in the set is adjacently neighbouring to the current block {such as ad-
tacent above or adjacent left to the current block).

b. In one example, the set of samples are reconstructed before coding/decoding the
current block.

¢. The samples may compnse chroma samples and/or their corresponding luma
samples, which may be generated by down-sampling if the color format 1s 4.2:0

&

In one exampile, at least one syntax element (SE} may be signaled to indicate whether
non-adjacent cross-component prediction 18 applied.
a. In one example, the SE may be signaled conditionally. e.g. the SE is signaled
only if a specific mode 1s used, such as CCCM or CCLM.
In one example, more than one sets of samples non-adjacent to the current block may be
used to derive the model(s) of cross-component prediction.
a. In one example, samples in more than one sets may be jointly used to derive the
model{s) of cross-component prediction.
b. In one example, one set of multiple candidate sets may be selected to derive the
model{s} of cross~-component prediction.
4. In one example, at least one syntax element (SE) may be signaled to indicate which set
of non-adjacent samples 1s used to derive the model(s) of cross-component prediction.
a. In one example, the SE may be signaled conditionally. E.g. the SE is signaled
only if NA-CCP is applicable.
b. The SE may be signaled only if more than one sets of non-adjacent samples can
be selected.

(5]
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¢. The maximum value {dencted as V) of the 8E is determined by the number of
sets of non-adjacent samples (denoted as K to be selected.
i, Forexampie, V=K, or V=K-1, or V=K+1, or V=K-2, or V=K+2,
5. Whether to/how to apply NA-CCP may be the sarme for more than one color components,
such as Cb and Cr.

a. Alternatively, whether to/how to apply NA-CCP may be different for different
components, such as Cb and Cr.

6. Whether NA-CCP is applicable may depend on the dimension/position of the current
block.
7. In one example, a set of non-adjacent samples may comprise samples in a region.

a. In one gxample, the region may be a coding block {e.g. a CU).

In one example, the region may be represented by a position relative to the region.
In one example, the region may be a MxN rectangle (e.g. M=N= §)},

In one example, the rectangular region may be represented by a position relative
to the region {(such as the top-left position (x, v} of the region) and dimensions
ML

e. Inone example, the regions of different sets of non-adjacent samples may share
the same shape and size.

In one example, the regions of different sets of non-adjacent samples may have
ditferent shapes or sizes.

g. A sample in the region must be reconstructed.

1. Alternatively, if a sample in the region 18 not reconstructed, 1t should be
padded.
8. In one example, luma samples corresponding to a set of non-adjacent chroma samples
may be prepared or generated, to be used to train the cross-component model.

a. In one example, down-sampling may be applied to generate the corresponding
fuma samples if the color formatis 4:2:0 or 4:2:2.

b. In one example, generated luma samples may correspond to a region larger than
the region of non-adjacent chroma samples.

i. In one example, suppose the region of non-adjacent chroma samplesis a
MxN rectangle, then the generated fuma samples may correspond to a
(M+T+B) x{N+L+R} chroma rectangle, as shown in Fig. 33. Fig. 33 il-
lustrates an example of luma samples to be prepared.

1} Inone example, T=B=L=R=1.

c. In one example, if a luma sample to be generated is not available (e.g., it 15 out
of the picture boundary, or it 1s not reconstructed, or it1s in a different CTU which
has not been reconstructed, etc ), it may be specially treated.

i. In one example, it may be padded, such as repetition padded with the
nearby available generated luma value.

i1, In one example, it may not be generated not marked as “unavailable”.

1} The dimensions of the luma region may be set to be the available
region.

oo o

s

9. In one example, whether a region comprising the non-adjacent samples is a valid set of
sarmples to derive model(s) may be determined by the availability of at least one sample
of the region.

L
an
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a. For example, the region is a rectangle.

b. Forexarple, the region is deterrined to be valid ounly if the top-left reconstructed

sample and bottom-right reconstructed sample of the region are both available.

For example, the region 1s determined to be valid only if the top-right recon-

structed sample and bottom-left reconstructed sample of the region are both

available.

10. In one example, a region list may be constructed to record the multiple sets of non-adja-
cent samples.

a. Inoneexample, an index of the list may be signaled as a SE to indicate which set
of non-adjacent samples 18 used to derive the model{s) of cross-component pre-
diction.

1. For example, the SE may be binarized as a truncated unary code.

. In one example, the SE may be signaled conditionally. E.g. the SE is sig-
naled only if NA-CCP 1s applied.

iii. The SE may be signaled only if more than one sets of non-adjacent sam-
ples can be selected.

iv. The maximum value (denoted as V) of the SE ts determined by the num-
ber of sets of non-adjacent samples (denoted as K} to be selected.

1y Forexample, V=K, or V= K-, or V=K+1, or V=K-2, or V=K+2,
b. In one example, the list may be constructed by checling muitiple potential can-
didate regions in an order.
i. The hist 1s iutialized to be empty.
1. The list construction is finished if the number of candidate regions in the
list is equal to the maximum size of the list, such as 6.
it1. The list construction is finished if ali the potential candidate regions have
been checked.
iv. A potential candidate may be put into the list if the region ts determined
to be valid.
v. Pruning may be applied to construct the list.
1} A potential candidate may not be put tnto the list if it is “duplicated”
with an existing candidate in the list.

ay A candidate region is “duplicated” with anocther region if their
samples are the same. {or similar)

b} A candidate region 1s “duplicated” with another region if the
same or simifar models may be derived from samples in those
tWO regions.

11 In one example, the position and/or dimensions of the region comprising the non-adja-
cent samples may depend on coding information, such as width/height of the current
block.

a. Theregion may be a potential candidate region for the list.

b. The distance between the region and the current block may depend on
width/height of the current block.

<

adjacently left to/left below to/left above/ above/right above the current block. Fig 34
shows an example. Fig. 34 illustrates an example of potential candidate regions.
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13. In one example, a potential candidate region is a MXN {e.g. M=N= 8} rectangle, and its
top-left position (x0, vO) may be described as (suppose the top-lefi position of the current
block with dimensions WxH is (0, O)):

a. (x0, yO) = (s*H{W, H), t*g(W, H)), wherein f and g are functions. s and t are
scaling factors such as 0.5, 1 or 2.

b, (x0, y0) = (s*f{(W), t*g(H)), wherein { and ¢ are functions. s and t are scaling
factorssuch as 0.5, 1 or 2.

14. In one example, the potential candidate regions are MxN {e.g. M=N= 8} rectangles, and
their top-left positions in order are as below (suppose the top-left position of the current

10 block with dimensions W»H 15 {0, 0)):

{-xStep, 0},

{ 0, -yStep),
{ xStep, -yStep),

(¥4

{ -xStep, yStep),
15 {-xStep, -vyStep),
{-2*xStep, 0},
(0, -2%yStep),
(-2 * xStep, 2 * yStep),
{ 2 * xStep, -2 * yStep),
20 (-2 * xStep,  vyStep),
{ xStep, -2 * yStep),
(-2 * xStep,  ~yStep),
{ -xStep, -2 * yStep),

{-2 * xStep, -2 * yStep},

25 (-xStep/2, 0},
{0, -yStep/2},
{ xStep/2, -yStep/2),
{ -xStep/2, vStep/2),
(-xStep/2, -yStep/2),
30 wherein xStep and yStep are integers.
a. The checking order may be changed.
b. In ove exarople, xStep = Max{(W, K1), yStep = Max{(H, K2}, wherein K1 and
K2 are integers, e.g. K1=K2 =16.
35 15. In one example, whether to and/or how to apply NA-CCP may be signaled from the

encoder to the decoder,
a. Alternatively, whether to and/or how to apply NA-CCP may be derived at en-
coder and decoder based on coded/decoded information without signaling.
b. “How to apply NA-CCP” may comprise:
40 1. Which CCP (such as CCLM or CCCM} model 1s derived by NA-CCP,
1. The shape/size/position of a (potential} candidate region;
ii1. The size of the region list;
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iv. The number of {potential) candidate regions;
v. The color component to apply NA-CCP.
c. “Coded/decoded information™ may comprise:
1. The mode of the current block;
1. The mode of a neighbouring block;
1. The mode of a luma block in the collocated region of the current block;
iv. The mode of a luma block in the collocated region of a neighbouring
block;
v, QP
vi. Slice/picture type;
vii. Picture width/height;
vitt. Block width/height;
ix. Reconstructed samples.
16. In one example, the CCP coding information of a spatial or temporal neighbouring block
may be used by the current block,
a. For example, the spatial neighbouring block may be adjacent or non-adjacent to
the current block.
b. For example, the CCP coding information may comprise:

i. Thetype of the CCP method, such as CCLM or CCCM or GLM or GLM
with luma or GL-CCCM or CCCM using non-downsampled luma sam-
ples.

1} In one example, GLM method using ditterent down-sarmpling filters
may be considered as different types.

2} Inone example, GLM with luma method using different down-sam-
pling filters may be considered as different types.

3} 1In one example, the types may be CCCM, CCLM, 4 types of GLM
using different down-sampling filters, 4 types of GLM with luma us-
ing different down-sampling filters, GL-CCCM and CCCM using
non-downsampled luma samples.

4y “MNot coded with CCP” {denoted as NonCCP) may also be treated as
a type.

i1, The position (x, y}.
it1.  The mumber of models.

1} For example, the number of models may be 1 or 2.

2} In one example, the number of models may be considered as a part
of the CCP type. For exaraple, CCLM and MM-CCLM may be con-
sidered as two types.

iv.  Atleast one threshold to classity samples for ditferent models.

1} The threshold may be used ounly if the number of models is at least 2.

v. At least one luma sample value oftset.

1} The luma sample value offset may be added to or subtracted from a
tuma sample (which rmay be down sampled) when it 1s used to derive
a chroma prediction value.

2} The luma sample value offset may be used only for specific types
such as CCCM, GLM with luma, GL-CCCM and CCCM using non-
down-sample luma samples.

vi. At ieast one chroma sample value offset.

59
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1} The chroma sample value offset may be added to or subtracted from
a chroma prediction value derived by a CCP model to generate the
final prediction.

vit. At least one models for at least one chroma component,

1} For example, it may include different models for Cb and Cr compo-
nents.

2} For example, the number of models for each component may be in-
cluded as a part of the information.

3} The model may be represented by the model form of CCLM or
CCCM or GLM or GLM with luma or GL-CCCM or CCCM using
non-downsampled luma samples.

vitt. At least one sample location shift denoted as (dX, dY).

1} The chroma sampie location shift may be added to or subtracted from
the sample location (x, v) when it is used to derive the chroma pre-
diction value.

2} The chroma sample location shift may be used only for specific types
such as GL-CCCM.

¢. For example, the CCP coding information may be stored after a chroma block is
coded/decoded.
1. In one example, the CCP coding information may be stored only if the
chroma block is coded with a CCP mode.

1} In one example, the CCP coding information may be stored if the
chroma block is coded with at least one CCP mode, such as with the
fusion of chroma intra prediction mode.

a} The stored type may be set to bethe CCP type used 1n the fusion
of chroma intra prediction mode.
ii. In one example, the CCP coding information may be stored for any
chroma block.

1} ifthe chroma block is not coded with a CCP mode, the type is stored

as “NonCCP”,
i1, If the chroma block 1s coded with a CUP mode, the type of information
may be stored as depending on the coding mode.

1} Thetypeis setto be “CCOM” if the mode i1s CCCM, or CCCM-T, or
CCCM-L, or MM-CCCM, or MM-CCCM-T, or MM-CCCM-L.

2} Thetype s setto be “CCLM” it the mode 1s CCLM, or CCLM-T, or
CCLM-L, or MM-CCLM, or MM-CCLM-T, or MM-CCLM-L.

3} Thetypeis setto be “CCLM” if the mode is CCLM, or CCLM-T, or
CCLIM-L, or MM-CCLM, or MM-CCLM-T, or MM-CCLM-L, with
stope adjustments.

4y The type 15 set to be “GLM using filter X7 if the mode 1s GLM using
filter X,

S} The type 1s set to be “GLM with luma using filter X7 if the mode s
GLM with luma using filter X

6) The type is set to be “GL-CCCM” if the mede 18 GL-CCCM.

7y The type is set to be “"CCCM using non-down-sample” if the mode
is CCCM using non-down-sample.

(o)}
<



(¥4

10

30

Lad
L

WO 2025/010276 PCT/US2024/036573

&) The type is set to be “CCLM” if the mode is the fusion of chroma
intra prediction mode.

iv. The number of models may be stored as the number of models of the
chroma block.

1} For example, the number of models 1s set to be 2 if the mode 1s MM-
CCLM, or MM-CCLM-T, or MM-CCLM-L, or MM-CCLM, or
MM-CCLM-T, or MM-CCLM-L or any other multi-model CCP
modes (such as GLM or GL-CCCM or CCCM using non-downsam-
pled luma samples with multi-models).

v. Information such as the threshold, the luma/chroma sample value offset,
sample location shift may be stored as the information used by the chroma
block.

vi. The CCP model of one component may be stored as the model used by
the chroma block.

1} The model may be derived by any CCP method such as CCLM, or
CCLM-T, or CCLM-L, or MM-CCLM, or MM-CCLM-T, or MM-
CCLM-L or CCCM, or CCCM-T, or CCCM-L, or MM-CCCM, or
MM-CCCM-T, or MM-CCCM-L or GLM using different down-
sampling filters, or GLM with luma using different down-sampling
filters, or GL-CCCM or CCCM using non-downsampled luma sam-
ples.

2y The stored model may be the tinal applied one, such as the one after
been modified by the slope adjustment.

1. Forexample, M=N=2,

ii. Forexample, the CCP coding information of a specific chroma block cov-
ered by or covering or overlapped with the M N region may be stored to
the MxN region.

1} For example, the CCP coding information of the first coded/decode
block with CCP information covered by or covering or overlapped
with the MxN region may be stored.

2) For example, the CCP coding information of the last coded/decode
biock with CCP information covered by or covering or overlapped
with the M»N region may be stored.

3} Forexample, the CCP coding information of the coded/decode block
with CCP information covered by or covering or overlapped a spe-
cific position of the MxN region may be stored.
ay The specific position may be the top-left/bottom-right/top-

right/bottom-left /center position of the MxN region.
17. In one example, a CCP candidate list may be built for a chroma block.

a. Inone example, a first syntax element (SE) may be signaled to indicate whether
a CCP candidate n the list 1s applied to the current chroma block. (It may be
denocted as “The block is coded with the CCP candidate tist mode™)

1. For example, the SE may be a flag.

1. For example, the SE may be coded by a context.

b. For example, the first SE may be signaled in a conditional way.

i. For example, the first SE may be signaled only it CCP s applied.

61
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1. For example, the first SE may be signaled only if CCP 1s applied, and a
specific mode is applied.

1} The specific mode may be CCLM.

2} The specific mode may be CCCM

¢. Inone example, a second syntax element (SE) may be signaled to indicate which
CCP candidate 15 applied.

i. For example, the SE may be an index.

i1, For example, the SE may be binarized as a truncated unary code.

1} For example, the maximum value of the SE may be 5-1, where S is
the maximurn size of the candidate list.

it1. For example, the first bin of the SE may be coded by a context.

d. For example, the second SE may be signaled in a conditional way.

1. Forexample, the second SE may be signaled only if the first SE indicates
a CCP candidate in the list 1s applied.

e. In one example, whether the CCP candidate list mode is applicable may be sig-
naled in VPS/DPS/SPS/PPS/picture header/slice header/ete.

f  In one exampie, the maximum sizedength of the CCP candidate list may be sig-
naled in VPS/DPS/SPS/PPS/picture header/slice header/ete.

18 In one example, a CCP candidate list may comprise at least one CCP candidates stored
in a spatial neighbouring block may be adjacent or non-adjacent to the current block
{suppose the top-ieft position of the current block is (X1, Y1), the width and hetght of the
current block is W and H, respectively.

a. In one gxample, a set of positions are checked in order to find stored COP infor-
mation.

1. For example, if the type of the stored CCP information associated with
the position 18 NonCCP, the position is skipped.

1}y Alternatively, if the type of the stored CCP information associated
with the position 138 NonCCP, the position is put in a backup position
fist.

ii. For example, if the type of the stored CCP information associated with
the position 1s NOT NonCCP, the stored CCP information 1s tried to
be appended to the list.

b, In one example, the set of positions (X1, Yi) to be checked in order may be de-
rived from positions near to the current block, to positions far from the current
block.

1. For example, the positions may be checked in a cycle by cycle manner.
Foracycle, several positions are checked, and the next cycle is performed.
ii. In one example, positions to be checked 1n a cycle are:
(Xt-NDHor-1, Yt+H+NDVer-1), (Xt+W+ NDHor-1, Yt-NDVer-1),
(Xt + (W>>1), Yi- NDVer-1), (Xt - NDHor-1, YeHFE>>1)), (Xe-NDHor-
1, Y- NDVer -1}
where NDHor and NDVer are different for different cycles.
itt.  In one example, positions to be checked for the cycle k are derived as:
NDHor={k==07W /2. W *k);
NDVer=(k==07H/2:H*k).
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iv. In one example, positions to be checked for different cycle may be differ-
ent.

c. In one example, the set of positions {Xi, Y1} to be checked may be the same as
the set of positions checked when building the merge list.

d. In one example, the set of positions (X1, Yi} 10 be checked may be the same as
the set of positions checked when building the sub-block-based merge list.

19. In one example, when trying to put stored CCP information into the CCP candidate list
as a candidate {known as a potential candidate), it may be compared with at least one
candidate already in the CCP candidate list.

a. Inone example, all the candidates in the list may be compared with the potential
candidate.

b, In one example, if a candidate already in the CCP candidate list is the same or
similar as the potential candidate, then potential candidate cannot be put into the
CCP candidate list.

c. Inone example, two CCP candidates are determined NOT to be the same if

1. The CCP types are different.

1. The mambers of models are different.

i1, The thresholds are different if the CCP has multiple models.
iv. At least one model ts different.

v. The luma sample offset 1s difterent. (maybe only applicable if the type 1
CCCM or GL-CCCM or GPM or CCCM with using non-downsampled
tuma samples.)

vi. The sample location shifts are different. {mavbe only applicable it the
type 1s GL-CCCM).

20. In one example, when a CCP candidate in the list 1s used 1o generate prediction for the
current block, the CCP will be performed following the CCP information.

a. CCCM, CCLM, 4 types of GLM using different down-sampling filters, 4 types
of GLM with luma using different down-sampling filters, GL-CCCM and CCCM
using non-downsampled luma samples may be applied to the current block, based
on the CCP type of the candidate.

b. Une model or multiple models with at least one threshold may be used, based on
the model number and thresholds of the candidate.

¢. The luma sample value offset of the candidate may be added to or subtracted
from the luma samples (which may be down-sampled) to be put into the CCP
model.

1. The process may be only applicable if the type 18 CCCM or GL-CCCM
or GPM or CCCM with using non-downsampled luma samples.

d. The sample location shift(s) may be added to or subtracted from the location co-
ordinator to be put into the CCP model,

1. The process may be only applicable if the type 1s GL-CCCM.

e. How to get down-sampled luma samples may be based on the CCP type.

i. The down-sampled luma samples may be obtained following the down-
sampling method required by the CCP mode corresponding to the type.

21. In example, the prediction value generated by a CCP candidate may be modified before
being used to obtatn the reconstruction sample value.

a. In one example, an offset D may be added to or subtracted from the prediction
value.

[9)Y
[¥5]
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b, In one example, the offset may be derived based on luma/chroma samples of a
template, which is calculated using reconstructed samples neighbouring to the
current block, known as a “template”. Fig. 35 shows examples of 3 template. Fig,
35 illustrates possible templates.

1. Inone example, the template may counsist of reconstructed samples left to
the current block, if reconstructed samples left to the current block are
avatlable.

1. In one example, the template may consist of reconstructed samples above
to the current block, if reconstructed samples above to the current block
are available.

i1, In one example, the template may consist of reconstructed samples above
or left to the current block, if reconstructed samples above/left to the cur-
rent biock are available.

iv. Corresponding luma samples of the template may be down-sampled with
the same manner as luma samples inside the current block,

In one example, if there are N models (such as two models) required by the CCP
type, N offsets denoted as (D% ..., D™} may be derived for the N models.

1. Offset D' may be added to or subtracted from the prediction value gener-
ated by model 1.

d. Inone example, the CCP method indicated by the type of the CCP candidate may
be applied on the template.

i. For example, for the k-th sample of the template, Sk = Ri- P is calculated,
where Ry and Pr represent the reconstructed sample value and the predic-
tion value with CCP of the k-th sample, respectively, 1s calculated.

1} For example, 12 is calculated as the average value of {8}

<

sign(sum) X (({sum| + off) » W), where swm = 3Y7} S, and

W = llog, lsumil.

ii. For example, for the k-th sample using model 1 of the template, S% = Ri-
Py is calculated, where Ri and Ph represent the reconstructed sample
value and the prediction value with CCP of the k-th sample using model
i, respectively, 1s calculated.

1} For example, I is calculated as the average value of {8}

2y For example, suppose the number of S is M, D is calculated as D* =

. . : M-
sign(sum) ® ((Isum| +of f} > W) , where sum = > S;;

b fzg TR
and W = liog. sum}i.
iii. In one example, no division operation is used to calculate D or DL
1} For example, a lookup table may be used to calculate D or I¥.
e. For example, only specific types of CCP may apply the modifications, such as
CCLM and CCCM with multiple models.
1. For example, types of CCLM, CCLM with multiple models, CCCM with
multiple models, and GLM may apply the modifications.
22, In one exarmple, a candidate with type “Non-adjacent” may be put into the candidate hist.
a. The information includes a position (X, y).
b. If such a candidate 18 used to predict the current block, CCP model{s) may be
derived with samples referred to by (x, vy}, as stated by bullet 1~ bullet 15,
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¢. Inong example, the positions stored in the backup position list disclosed in bullet
18 may be checked in order to put valid ones in the candidate list.

23. In one example, the construction of the candidate list may be terminated if the number
of candidates in the list is M and M=D+1, wherein D is the index indicating the selected
candidate.

24 In one example, if all possible potential candidates are checked and the size of the can-
didate list is smaller than 8, wherein S is the maximum number of candidates, then de-
fault candidates may be put into the list to fulfill the hist.

25. In one example, the CCP candidate list my compirse at least one candidate fetched from
a history-based table.

a. The history table may be an online table.
b. The history table may be a stored table.
¢. To build the CCP candidate list, the potential candidates may be checked in an
order.
i. For example, the order may be (1} CCP information stored in spatial ad-
jacent/non-adjacent blocks; (2 CCP candidate with type “Non-adjacent;
{3} history-based candidates from the on-line table; {4) history-based can-
didates from the stored table; (5) default candidates.
ii. For example, the order may be (1} CCP information stored in spatial ad-
jacent blocks; (2) CCP information stored in spatial non-adjacent blocks;
{33 CCP candidate with type “Non-adjacent; {4} history-based candidates
from the on-line table; {5) hustory-based candidates from the stored table;
(0) default candidates.
it1. For example, the order may be (1) CCP information stored in spatial ad-
iacent blocks; (23 CCP information stored in spatial non-adjacent blocks;
(3} history-based candidates from the on-line table; (4) history-based can-
didates from the stored table; (5} CCP candidate with type “Non-adjacent;
(6) default candidates.
iv. For example, the order may be (1) CCP information stored n spatial ad-
jacent blocks; {2) hustory-based candidates from the on-line table; (3)
C{UP information stored in spatial non-adjacent blocks; (4) CCP candidate
with type “Non-adjacent; {5} history-based candidates from the stored ta-
ble; (6) default candidates.
v. Auy type of candidates in an exemplary order may be removed from.
vi. Any other orders of these kinds of potential candidates.

26. In one example, it a chroma block 15 coded by using at least one CCP candidate, the CCP
information of the CCP candidate may be stored.

a. The storing method may follow the way disclosed in bullet 16,

27. In one example, if a chroma block is coded by using at least one COP candidate, the CCP
information of the CCP candidate may be put into the history-based table.

a. The process to put the CCP information into the history-based table may follow
the process described in section 2.27.

2.28. CCCM psing multiple downsam pling filters (MF-CCCM)
10259]  Itis proposed to apply multiple downsarmpling filters to a group of reconstructed

tuma samples in a CCCM. The linear combination of these downsampied reconstructed
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samples is multiplied by derived filter coefficients to form the final chroma predictor. The
horizontal or vertical location of the center luma sample may be also considered in the
proposed model. The coefficients are derived by Gaussian elimination method as currently
used by CCCM modes in ECM. The cross-component models shown below are tested as
additional CCCM modes with a mode index signaled in the bitstream:
(1) Model 1: predChroma=cO* H{C)+cl * GUC+eZ* GCy+e3* G3HCy+cd *
PH{C)) + 65 % P(GUC)H +c6 * PIGUCH) +¢T* X +¢8* Y +¢9 * B
(2) Model 2: predChroma =c¢0 * H{C) + ¢l * HW) +¢2 * HE}+c3* GUCy+c4 ¥
GHW)+¢5* GUE)+c6 * PHC) +c7 * PHIW)) + 8 * PH(E)) +¢9 * X +¢10
*B
{(3) Model 3: predChroma=cO0* H{Cy+c1 ™ HINE)+c2* HSW)+¢3* GHC)+cd *
G3(NE) +c5 * G3HSW) + 6 * PEHC)) +¢7 * PEUNE)) +c8 * PH(SW)) +c9* Y
+¢l0*B

where H("), G1(-), G2('}, G3{ '} are various downsampling filters as indicated in Fig. 36,
{ denotes the current chroma sample position, and N, §, W, E, NE, SW are the positions
around C as indicated in Fig. 37, ¢ are filter coefficients, P and B are nonlinear term and
bias term, and X and Y are the horizontal and vertical locations of the center luma sample
with respect to the top-left coordinates of the block. It is noted that Model 1 is a Ix1
prediction shape using current chroma sample only while the other models are one-

-

directional prediction models using 3 chroma samples,

2.30. Non-lecal cross-component prediction and cross-component merge mode
162607 The CCP candidate mode disclosed 1n 2.27 and 2.28 may also be denoted as the

“cross-component merge mode”.

[6261] A CCP candidate disclosed in 2.27 and 2.28 may also be denoted as a cross-

component merge candidate.

18262] A CCP candidate list disclosed in 2.27 and 2 28 may also be denoted as a cross-

component merge candidate list.

10263]  In this document, CCP candidate mode, cross-component merge mode, and CCP
merge mode may bave the same meaning.

102641 In this document, a CCP candidate, a cross-component merge candidate, and a
CCP merge candidate way have the same meaning,

16265]  In this document, a CCP candidate list, a cross-component merge candidate list,

and a CCP merge candidate list may have the same meaning.
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[6266] In ECM-9.0, a CCP merge candidate list is constructed from the spatial adjacent,
spatial non-adjacent, or history-based candidates. After including these candidates,
default models are further included to fill the remaining empty positions in the merge list.
In order to remove redundant CCP models in the list, pruning operation s applied. After
constructing the list, the CCP models 1o the list are reordered depending on the SAD costs,
which are obtained using the neighbouring template of the current block. More details are
described below.

Spatial adjacent and non-adjacent candidates

(02671 The positions and inclusion order of the spatial adjacent and non-adjacent
candidates are the same as those defined v ECM for regular inter merge prediction
candidates.

History-based candidates

i0268] A history-based table s maintained to include the recently used CCP models,
and the table is reset at the beginning of each CTU row. If the current list is not full after
including spatial adjacent and non-adjacent candidates, the CCP models 1o the history-
based table are added into the list.

Default candidates

16269] CCLM candidates with default scaling parameters are cousidered, only when the
list 1s not full after including the spatial adjacent, spatial non-adjacent, or history-based
candidates. If the current list has no candidates with the single model CCLM mode, the
defauit scaling parameters are {0, /8, -1/8, 2/8, -2/8, 3/8, -3/8, 4/8, -4/8, 5/8, -5/8, 6/8}.
Otherwise, the default scaling parameters are {0, the scaling parameter of the first CCLM
candidate + {1/8, -1/8, 2/8, -2/8, 3/8, -3/8, 4/8, -4/8, 5/8, -5/8, 6/8}}. The offset parameter
is derived according to the default scaling parameter, average neighbouring reconstructed

fuma sample value, and average neighbouring reconstructed Cb/Cr sample value.

162701 A flag is signaled to indicate whether the CCP merge mode is applied or not. If
CCP merge mode 13 applied, an index is signaled to wndicate which candidate model is
used by the current block. In addition, CCP merge mode is not allowed for the current
chroma coding block when the current CU is coded by intra subpartitions (I15P) with single

tree, or the current chroma coding block size is less than or equal to 16
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3. Probiems

16271] Luma samples used in CCP methods such as CCCM are limited. More luma

samples may introduce additional benefits.

16272] Chroma information 15 not involved in the CCP approach.

4. Detailed description

16273] The detailed embodiments below should be considered as examples to explain
general concepts. These embodiments should not be interpreted in a narrow way.

Furthermore, these embodiments can be combined in any manner.

16274] In the following discussion, CCCM may refer to the original CCCM mode, or it
may refer to a variance of CCCM, such as CCCM-L, CCCM-T, MM-CCCM, MM-CCCM-
L, MM-CCCM-T.

[6275] 1o the following discussion, CCLM may refer to the original CCLM mode, or it
may refer to a variance of CCLM, such as CCLM-L, CCLM-T, MM-CCLM, MM-CCLM-
L, MM-CCLM-T, etc.

16276] In one following discussion, cross-component prediction (CCP) may refer to any
cross-component prediction such as CCLM or CCCM or GLM or CCLM with sliding

offseis.

Extended CCCM Type #1
1. New added reconsiructed luma samples beyond those at the positions N, W E, Sand C
as shown in Fig. 37 may be involved in the CCP approach. As in Fig. 37, position C
corresponds to the position of the chroma sample to be predicted. The luma positions
may be after down-sampling for specific colour forruat such as YCbCr 4:2.0 or YCbCr
4:2:2.
a. In one exampie, the new added luma samples may be at NW and/or NE and/or
SW and/or SE as shown tn Fig. 38 Fig. 38 illustrates an example of luma posi-
tions {which may be after down-sampling) to be used in CCP.
i. For example, predChromaVal = ¢oC + 1N + 28 + o3E + caW + ¢sP ++
ColNW + ¢7NE + ceSW + ¢oSE+ ¢10B, wherein P and B are nonlinear term
{e.g., P=C?) and bias term {¢.g. B=1<<(bitdepth-1)).
b. In one example, a new added luma sample may be at a position non-adjacent to
C such as N2, W2, 82, E2, NNW, NW2, NWW, SWW, SW2, 88W, SEE, SEZ,
SSE, NEE, NNE, NE2, etc.
i. For example, predChromaVal = ¢oC + 1N + 28 + o3E + caW + ¢sP ++
ColNW + C7NE + ¢sSW + coSEF c1oN2 + ¢1182 + ¢c2K2 + cisW2 + cu4B,
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h.

wherein P and B are nonlinear term (e.g., P=(?) and bias term (e.g.
B=1<<(bitdepth-1}}.
In one example, padding may be used to obtain the new added luma samples if
unavailable.
In one example, a funciion with at least one input as a new added luma sample
may be involved in the CCP approach.

i. For example, the function may be the derivation of a gradient.

In one example, the luma saroples may be obtained with down-sampling methods
same as in CCLM, or CCCM or GLM, or MF-CCCM.

i. Inone example, the luma samples may be obtained with a different down-
sampling method,

In one example, the CCP approach using new added luma samples may be de-
noted as a new mode extCCCM.

1. extCCCM mode may have variants in a same way as CCCM, such as
MM-extCCCM, extCCOM-L, extCCCM-T, MM-extCCCM-L, MM-ex-
tCCCM-T.

In one example, extCCCM mode and s variants may replace an exiting mode,
such as CCCM, and its varianis.

in one example, extCCCM may be used as an additional mode.

in one example, whether to and/or how to use extCCCM mode may depend on
the coding information of the current block, such as.

i. The mode of the current block;

1y In one example, extCCCM may not be applicable GL-CCCM 15 ap-
plied.
2} In one example, extCCCM may not be applicable unsampling
CCCM 1s applied.
3} In one example, extCCCM may not be applicable f MF-CCCM 15
applied.
4} Inone example, extCCCM may vot be applicable if inside filtering
is applied.
S} 1o one exarple, extCCCM may be applicable only for extCCCM not
its vartants.
6} Inoneexample, extCCCM may be applicable ounly for extCCCM and
MM-extCCCM, not other variants.
i1. The mode of a neighbouring block;
iti. The mode of a luma block in the collocated region of the current block;
iv. The mode of a luma block in the collocated region of a neighbouring
block;
v. QP
vi. Slice/picture type;
vit. Picture width/height;
viti. Block width (W) /height (H);
1} In one example, extCCCM may not be applicable if W<T1 and/or
H<T2
2} Inone example, extCCCM may not be applicable if W+ H<T.
3} Inone example, extCCCM may not be applicable if W* H<T.

PCT/US2024/036573
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4} In one example, extCCCM may not be applicable if W>T1 and/or
H>T2

S} 1In one example, extCCCM may not be applicable of W+ H>T.

6) Inone example, extCCCM may not be applicable if W* H>T.

ix. Position of the block.
x. Reconstructed samples.
1. In one example, a flag {(denoted as extCCUM_flag) may be signaled to indicate
whether extCCCM and/or 1ts vanant is apphied.
1. For example, the flag may be signalled conditionally.
ii. For example, the flag s signalled only it CCCM _flag (indicating CCCM
mode) 1s true.
1. For exarmple, the flag is not signalied if CCP merge mode is applied.
iv. For example, the flag is signaled only if extCCCM mode ts applicable.
v. For example, whether extCCCM or its variant 15 applied way depend on
signaled mode.

1} For example, if the signaled mode ts CCLM, CCCM _flag and ex-
tCCCM flag are both true, then the current block uses extCCCM
mode.

2} For example, if the signaled mode 1s MM-CCLM, CCCM_flag and
extCCCM_flag are both true, then the current block uses MM-ex-
tCCCM mode.

3} Forexample, if the signaled mode is CCLM-T, CCCM_tlag and ex-
tCCCM _ flag are both true, then the current block uses extCCCM-T
mode.

4} For example, if the signaled mode is MM-CCLM-T, CCCM flag
and extCCCM _flag are both true, then the current block uses MM-
extCCCM-T mode.

5} For example, if the signaled mode i1s CCLM-L, CCCM _flag and ex-
tCCCM_flag are both true, then the current block uses extCCCM-T
mode.

6) For example, if the signaled mode is MM-CCLM-L, CCCM flag
and extCCCM_flag are both true, then the current block uses MM-
extCCCM-T mode.

k. Inone example, extCCCM mode can be used with merge CCP mode.
1. For example, extCCCM mode can be regarded as a new type in merge
CCP mode.
ii. Information and/or parameters of extCCCM can be stored in blocks.
it1. lnformation and/or parameters of extCCUCM can be stored in the history
table.
iv. The stored Information and/or parameters of extCCCM can be used to
generate a candidate in the merge CCP candidate list.
v. The candidate with the type of extCCCM can be ovolved 1u the candidate
list reordering process as candidates with other types such as CCCM.
vi. The candidate with the type of extCCUM can be involved in the candidate
list pruning process as candidates with other types such as CCCM.
vii. The candidate with the type of extCCCM can be involved in the candidate
list offset updating process as candidates with other types such as CCCM.

~3
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viti. If a candidate with the type of extCCCM is selected, extCCCM 1s used
for the current block, instructed by the parameters of the candidate.
In one example, the same training process as CCCM is applied to denve the pa-
rameters of extCCCM, but maybe with different number of parameters.

1. In one example, the region of chroma reconstructed samples and their
corresponding luma reconstructed samples (which may be obtained by
down-sampling) used by extCCCM or its variant may be the same to that
of CCCM or the corresponding variant of CCCM.

it In one example, the region of chroma reconstructed samples and their
corresponding luma reconstructed samples (which may be obtained by
down-sampling} used by extCCCM or 1ts vaniant may be different from
{e.g. larger than) that of CCCM or the corresponding variant of CCCM.

Extended CCCM Type #2

2. Reconstructed and/or predicted chroma samples may be involved in the CCP approach.

a.

b.

<

9

Fig. 39 dlustrates an example of luma positions (which may be after down-sam-
pling) and chroma positions to be used in CCP. As in Fig. 39, luma position €
corresponds to the position X of the chroma sample to be predicted. The luma
positions may be after down-samphing tor specific colour format such as YCbCr
4:2:00or YCbUr 4:2:2
in one exampile, the new added chroma samples may be at L and/or Y and/or £
and/or R and/or Q as shown 1o Fig. 39
1. For example, predChromaVal{X) = ¢coC + aiN + €28 + o3E + caW + P
++ gl + ¢7Y + ced + coR+ cio3+ciiB, wherein P and B are nonlinear
term {e.g., P=C?) and bias term (e.g. B=1<<(bitdepth-1}}.
In one example, the new added chroma samples may be at L and/or Y and/or 2
as shown in Fig. 40. Fig. 40 illustrates a second example of luma positions (which
may be after down-sampling} and chroma positions to be used in CCP.
1. For example, predChromaVal(3) = coC + ciN + 28 + ¢3E + caW + ¢sP +
ol + ¢7Y + osZ + coB, wherein P and B are nonlinear term (e g., P=C?)
and bias term {e.g. B=1<<(bitdepth-1}}.
In one example, padding may be used to obtain the new added chroma recon-
structed samples if unavailable.
in one example, a function with at least one input as a new added chroma sample
may be tnvolved in the CCP approach.
i. For example, the function may be the derivation of a gradient.
ii. For example, the function may be a non-linear operation such as the
squared operation.
in one example, the luma samples may be obtained with down-sampling methods
same as in CCLM, or CCCM or GLM, or MF-CCCM.
i Iuv one example, the luma samples may be obtained with a different down-
sampling method.
In one example, the CCP approach using new added chroma samples may be
denoted as a new mode mixCCCM.
1. mxCCCM mode may have variants in a same way as CCCM, such as
MM-mixCCCM, mixCCCM-L, mixCCCM-T, MM-mixCCCM-L, MM-
ixCCCM-T.

~J
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b, In one example, mxCCCM mode and its varianis may replace an exiting mode,
such as CCCM, and its variants.
1. Inone example, mixCCCM may be used as an additional mode.
i In one example, whether to and/or how to use mixCCCM mode may depend on
the coding information of the current block, such as.
1. The mode of the current block;
1} In one example, mixCCCM may not be applicable GL-CCCM ts ap-
plied.
2} In one example, mixCCCM may not be applicable unsampling
CCCOM 1s applied.
3} In one example, mixCCCM may not be applicable if MF-CCCM i3
apphied.
4} 1In one example, mixCCCM may not be applicable if inside filtering
is applied.
5} In one example, mixCCCM may be applicable only for mixCCCM
not its variants.
6} In one example, mixCCCM may be applicable only for mixCCCM
and MM-mixCCCM, not other variants.
1. The mode of a neighbouring block;
1. The mode of a luma block in the collocated region of the current block;
iv. The mode of a luma block in the collocated region of a neighbouring
block;
v, QP
vi. Slice/picture type;
vil. Picture width/height,
vitt. Block width (W) /height (H);
1} In one example, mixCCCM may not be applicable if W< and/or
H<T2
2} In one example, oixCCCM may vot be applicable if W+ H<T.
3} Inone example, mixCCCM may not be applicable if W* H<T.
4} Inone example, mixCCCM may not be applicable if W>T1 and/or
H>T72.
S} 1o one example, mixCCCM may not be applicable if W+ H>T.
6} In one example, mixCCCM may not be applicable if W* H>T.
ix. Position of the block.
1} In one example, mixCCCM may not be applicable if posX == 0 or
posY == 0 wherein the top-left position of the block s (posX, posY).
x. Reconstructed samples.
k. Inone exarople, a flag (denoted as ouxCCCM _flag) may be signaled to indicate
whether mixCCCM and/or its variant 1s applied.
i. For example, the flag may be signalled conditionally.
1. For example, the flag is signalled only if CCCM_flag (indicating CCCM
mode} 1s true.
iti. For example, the flag is not signalied if CCP merge mode is applied.
iv. For example, the flag is signaled only if mxCCCM mode is applicable.
v. For example, whether mixCCCM or its variant 1s applied may depend on
signaled mode.
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1} For example, if the signaled mode is CCLM, CCCM flag and
uxCCCM_flag are both true, then the current block uses mixCCCM
mode.

2y For example, if the signaled mode is MM-CCLM, CCCM _flag and
uxCCCM_flag are both true, then the current block uses MM-
mixCCCM mode.

3} For example, if the signaled mode is CCLM-T, CCCM flag and
uxCCCM_ flag are both true, then the current block uses
mixCCCM-T mode.

4y For example, if the signaled mode is MM-CCLM-T, CCCM flag
and mixCCCM _flag are both true, then the current block uses MM-
mixCCCM-T mode.

5} For example, if the signaled mode is CCLM-L, CCCM flag and
uxCCCM_ flag are both true, then the current block uses
mixCCCM-T mode.

&) For example, if the signaled mode is MM-CCLM-L, CCCM flag
and mixCCCM _flag are both true, then the current block uses MM-
mixCCCM-T mode.

i, Inone example, mixCCCM mode can be used with merge CCP mode.

i.

i.
it

iv.

V.

Vi,

Vii.

Viil.

For example, mixCCCM mode can be regarded as a new type in merge
CCP mode.

Information and/or parameters of mixCCUM can be stored in blocks.
Information and/or parameters of mixCCCM can be stored o the history
table.

The stored Information and/or parameters of mixCCCM can be used to
generate a candidate in the merge CCP candidate list.

The candidate with the type of nuxCCCM can be involved in the candi-
date list reordering process as candidates with other types such as CCCM.
The candidate with the type of mixCCCM can be involved in the candi-
date list pruning process as candidates with other types such as CCCM.
The candidate with the type of mixCCCM can be involved in the candi-
date list offset updating process as candidates with other types such as
CCCM,

If a candidate with the type of mixCCCM is selected, mixCCCM is used
for the current block, instructed by the parameters of the candidate.

m. In one example, the same training process as CCCM is applied to derive the pa-
rameters of nuxCCCM, but maybe with different number of parameters.

i,

i,

In one example, the region of chroma reconstructed samples and their
corresponding luma reconstructed samples {(which may be obtained by
down-sampling) used by mixCCCM or its variant may be the same to that
of CCCM or the corresponding variant of CCCM.
In one example, the region of chroma reconstructed samples and their
corresponding luma recounstructed samples (which may be obtained by
down-sampling} used by muxCCCM or its variant may be different from
(e g smalier thau) that of CCCM or the corresponding variant of CCCM.
1} In one example, the region of chroma reconstructed samples as targe
values and their corresponding luma reconstructed samples {(which

~J
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may be obtained by down-sampling) used by nuxCCCM or its vari-
ant may be smaller than that of CCCM or the corresponding variant
of CCCM as shown in Fig. 41, wherein the top row and left-most
column 1nvolved in the CCCM training process are excluded. Fig. 41
iltustrates an example of reconsiructed chroma sample positions (in
region 410) used to derive the parameters of mixCCCM as the target
values 1o the training process. The grey positions shaded (in region
4105 or not shaded (in region 420) are used to derive the parameters
of CCCM. The white positions {in region 430} are the current 474
chroma block.

i1, In the traming process of mixCCCM, a reconstructed sample may be used
as an input value (such as L, Y, R, Z, @ in Fig. 39 or Fig. 40), but not
used as a target value (such as X in Fig. 39 or Fig. 40).

1y

Fig. 42 shows an example, where L, Y and Z can only used as input
values of X, but they may not be used as target values in the training
process. Fig. 42 illustrates an example of reconstructed chroma sam-
ple positions used as input values (L, Y, Z) of a target value X in the
training process of mixCCCM, where {1, Y, Z) are out of the shaded
region {region 410}, in which of reconstructed chroma samples serve
as target values in the parameter training process.

iv. Inthe training process of mixCCCM, a reconstructed sample may be used
as an input value {(suchas L, Y, R, Z, Q in Fig. 39 or Fig. 40), and may
also be used as a target value (such as X in Fig. 39 or Fig. 40},

1)

Fig. 43 shows an example, where L, Y and Z are used as input values
of X L, Y and Z are also used as target values in the training process
before processing X. Fig. 43 illustrates an example of reconstructed
chroma sample positions used as input values (L, Y, Z) of a target
value X in the training process of mixCCCM, where (1L, Y, Z}arein
the shaded region (in region 410), in which of reconstructed chroma
samiples serve as target values in the parameter tratning process. In
other words, L, Y, Z serve as input value for target value X in the
training process, and they also serve as the target values in the train-
10g Process.

n. When applving the mixCCCM model to predict a chroma sample, the chroma
samples input to the model at specific positions such as L, Y and Z may be re-
constructed samples, or prediction samples,

3

2)

o}
1)

In one example, if the specitic position is out of the current biock,

the reconstructed sample may be input.

In one exarople, 1f the specific position is o the current block, the

prediction sample may be input.

a} In one exampile, the prediction sample of a position may be ob-
tatned by using the muxCCCM model on that position as the tar-
get to get the prediction value.

Fig. 44 shows an example, where L, Y and Z are used as input values

of X\ L, Y and 7 are all reconstructed samples. Fig. 44 dlusirates an

exarmple of applying the mixCCCM model in a 4x4 chroma block.
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The targe value 1s X and the tnput values (L, Y, Z} are reconstructed

samples out of the current block.
4) Fig. 45 shows an example, where L, Y and Z are used as input values
of X. LandY are reconstructed samples, but Z is a prediction sam-
ple. Fig. 45 illustrates a second exarople of applying the muxCCCM
model 1n a 4x4 chroma block. The targe value s X and the nput
values (L, Y} are reconstructed samples out of the current block. The
inpui value 7 is a prediction sample, which is in the current block.
Fig. 46 shows an example, where L, Y and Z are used as input values
of X, 1, Y and Z are all prediction samples. Fig. 46 illustrates a sec-
ond example of applying the mixCCCM model in a 4x4 chroma
block. The targe value 1s X and the input values (L, Y, 7} are predic-
tion samples in the current block.

1951
o’

Harmonization of Extended CCCM Types

3
3.

In one example, more than one extended CCCM modes may be applied.
a. For example, extCCCM and mixCCCM may coexist.
b. For example, a first flag (denoted as extended CCCM flag) may be signaled to
indicate whether a kind of extended CCCM mode 15 applied.
i. For example, the flag may be signalled conditionally.
1) For example, the flag is signalied only if CCCM flag (indicating
CCOM mode) is true.
2} For example, the flag is not signalled if CCP merge mode 1s applied.
3} For example, the flag is signaled only if a kind of extended CCCM
mode is applicable.
to indicate which kind of extended CCCM meode is applied
1. Forexample, the flag may be signalled conditionally.
1} For example, the flag is signalied only if extended CCCM_flag is
true.

General aspects

4.

(W41

A syntax element disclosed above may be binarized as a flag, a fixed length code, an
EG(x) code, a unary code, a truncated unary code, a truncated binary code, etc. Tt can be
signed or unsigned.
A syntax element disclosed above may be coded with at least one context model. Or it
may be bypass coded.
A syntax element disclosed above may be signaled in a conditional way.

a. The SE is signaled only if the corresponding function is applicable.

b. The SE is signaled only if the dimenstons (width and/or height) of the block sat-

1sfy a condition.

A syntax element disclosed above may be signaled at biock level/ sequence tevel/group
of pictures fevel/picture level/slice level/tiie group level, such as in coding structures of
CTU/CU/TU/PU/CTB/CB/TB/PB, or sequUence header/picture
header/SPS/VPS/DPS/DCYPPS/APS/slice header/tile group header.

PCT/US2024/036573
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8. Whether to and/or how to apply the disclosed methods above may be signalied at block

level/ sequence level/group of pictures level/picture level/shce level/iile group level,
such as in coding structures of CTU/CU/TU/RU/CTB/CB/TR/PB, or sequence
header/picture header/SPS/VPS/DPS/DICHPPS/APS/slice header/tile group header.

9. Whether to and/or how to apply the disclosed methods above may be dependent on coded
information, such as block size, colour format, single/dual tree partitioning, colour com-
ponent, slice/picture type.

10. The proposed methods disclosed in this document may be used in other coding tools
which require chroma fusion.

16277]  As used herein, the term “video woit” or “video block” may be a sequence, a
picture, a slice, a tile, a brick, a subpicture, a coding tree unit (CTUYcoding tree block
(CTB), a CTU/CTB row, one or multiple coding units (CUs) coding blocks (CBs), one or
multiple CTUS/CTBs, one or multiple Virtual Pipeline Data Unit (VPDL), a sub-region
within a picture/slice/tile/brick. The terms “hlock’ may represent a coding tree block

{CTB), a coding tree unit (CTU}, a coding block (CB}, a CU, a PU, a TU, a PB, a TB.

[6278] Fig 47 illustrates a flowchart of a method 4700 for video processing in
accordance with erobodiments of the present disclosure. The method 4700 1s implemented

during a conversion between a video unit of a video and a bitstream of the video.

162791 At block 4710, for a conversion between a video unit of a video and a bitstream
of the video unit, at ieast one of the followings: a set of luma samples, a set of additional
luma samples, a set of reconstructed chroma samples, or a set of predicted chroma samples

i3 applied in a cross~component prediction (CCP) model.

162807 At block 4720, a prediction or reconstruction of the video unit 1s determined by

applying the CCP model to the video unit.

(62811 At block 4730, the conversion is performed based on the prediction or
reconstruction. In some embodiments, the conversion includes encoding the video unit
tnto the bitstream. In some other embodiments, the conversion includes decoding the
video unit from the bitstream. In this way, the coding performance and coding efficiency

can be improved by introducing additional luma samples and/or chroma samples.

(62821 In some embodiments, luma positions used in the CCP model are after down-
sampling for a colour format. For example, the colour format may be YCbCr 4:2.0 or

YCbCr4:2:2.

10283] In some embodiments, the set of additional luma samples are at positions which

are beyond a center position corresponding to a chroma sample to be predicted, a north
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position relative to the center position, a8 west position relative to the center position, an
cast position relative to the center position and a south position relative to the center

posttion.

162841 In some embodiments, the set of additional luma samples are at at least one of
the following positions relative to the center position: a north west position, a vorth east
position, a south west position, or a south east position. An example is shown in Fig. 39,
For exaraple, predChromaVal = coC + ¢iN + 28 + E + c4W + ¢sP ++ ¢ceNW + ¢7NE +
ceSW + coSE+ ¢10B, where predChromaVal represents a chroma sample to be predicted,
C represents a luma sample at the center position, N represents a luma sample at the north
position, S represents a luma sample at the south position, E represents a luma sample at
the ecast position, W represents a luma sample at the west position, NW represents a luma
sample at the north west position, NE represents a luma sample at the north east position,
SW represents a luma sample at the south west position, SE represents a luma sample at
the south east position, P and B represents novlinear term and bias term, respectively, co,
C1, €2, €3, ©4, C3, €6, €7, Cs, Co and cio represent parameters. In some embodiments, P=C?

Alternatively, or in addition, B=1<<(butdepth-1).

16285] In some embodiments, the set of additional luma samples are at a position non-
adjacent to the center position. In one example, a new added luma sample may be at a
position non-adjacent to € such as N2, W2, 82, E2, NNW, NW2, NWW, SWW, SW2,
SSW, SEE, SE2, SSE, NEE, NNE, NEZ2, etc.

2

10286] Insome embodiments, predChromaVal = ¢oC + ¢IN + 28 + 3B + ¢4W + ¢sP ++
celNW + o7NE + csSW + coSE+ cwoNZ + ¢1:82 + ¢cpE2 + ¢i3W2 + 4B, where
predChromaVal represents a chroma sample to be predicted, € represents a luma sample
at the center position, N represents a luma sample at the north position, § represents a
luma sample at the south position, E represents a luma sample at the east position, W
represents a luma sample at the west position, NW represents a luma sample at the north
west position, NE represents a luma sample at the north east position, SW represents a
luma sample at the south west position, SE represents a fuma sample at the south east
position, N2, 82, E2 and W2 represent luma samples at non-adjacent positions to the
center position, tespectively, P and B represents nonlinear term and bias term, respectively,
c11, €1z, ¢13 and ci4 represent parameters. In some

Co, ©1, ©2, €3, €4, 5, €6, €7, Cx, C9, C10

3

embodiments, P=C2% Alternatively, or in addition, B=1<<(bitdepth-1).
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[6287] In some embodiments, it one or more luma samples are unavailable, padding 1s
used to obtain the set of additional luma samples. In some embodiments, a function with
at least one input as an additional luma sample is tnveolved in the CCP model. For example,

the function s a derivation of a gradient.

[0288] In some embodiments, the set of luma samples and the set of additional tuma
samples are obtained with down-sampling approaches same as those used in one of: cross-
comaponent linear model (CCLM), convolutional cross-component model (CCCM),
gradient linear model (GLM), or CCCM using muliiple downsampling filters {(MF-
CCCM). In some other embodiments, the set of luma samples and the set of additional
tuma samples are obtained with down-sampling approaches same as those used in one of!

CCLM, CCCM, GLM, or MF-CCCM.

1028%] In some embodiments, in response to the video unit 18 coded with a first target
coding mode, the set of luma samples and the set of additional luma samples are applied
in the CCP model. In some embodiments, the {irst target coding mode is an extended

CCCM (extCCCM ) mode.

102901 In some embodiments, the first target coding mode has variants is 4 same way
of CCCM. For example, the vartants of the first target coding mode comprise at least one
of: multiple model-extCCCM (MM-extCCCM}, extCCCM-left (extCCCM-L ), extCCCM-
top {extCCCM-T), MM-extCCCM-L, or MM-extCCCM-T.

(62911 Insome embodiments, the first target coding mode and variants of the first target
coding mode replace an exiting mode. For example, the existing mode comprises CCCM
and/or variants of the CCCM. In some other embodiments, the first target coding mode is

used as an additional mode.

162921  In some embodiments, whether to and/or how to use the first target coding mode
depend on coding information of a current block. In some embodiments, the coding
tnformation comprises at least one oft a mode of the current block, a mode of a
neighbouring block, a mode of a luma block in a collocated region of the current block, a
mode of a luma block in a collocated region of a neighbouring block, quantization
parameter ((QP), slice type, picture type, block width, block height, position of the current

block, or reconstructed samples.

16293] Insome embodiments, the first target coding mode is not applicable, 1f a gradient

~J

P
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and location based convolutional cross-component model {(GL-CCUM) is applied.
Alternatively, or in addition, the first target coding mode is not applicable, 1f unsampling
CCCM 15 applied. Alternatively, or in addition, the first target coding mode is not
applicable, if MF-CCCM 15 applied. Alternatively, or in addition, the first target coding
mode is not applicable, 1t woside filtering is applied. Alternatively, or 1u addition, the first
target coding mode is applicable only for the first target coding mode not variants of the
first target coding mode. Alternatively, or 1o addition, the first target coding mode is
applicable only for the first target coding mode and MM-extCCCM but not other variants

of the first target coding mode.

[6294] In some embodiments, the first target coding mode 15 not applicable f W<T1
and/or H<T2. Alternatively, the first target coding mode is not applicable, if W+ H<T.
Alternatively, the first target coding mode is not applicable if W* H<T. Alternatively, the
first target coding mode is not applicable it W>T1 and/or H>T2. Alternatively, the first
target coding mode is not applicable if W+ H>T. Alternatively, the first target coding
maode 15 not applicable if W* H>T. For example, W represents the block width, H

represents the block height, T1, T2, and T represent thresholds, respectively.

102951 In some embodiments, a flag is signaled to indicate whether the first target
coding mode and/or a variant of the first target coding mode is applied. In some

embodiments, the flag is signalied based on a condition.

[62%96] In some embodiments, the flag is signalied, it another flag indicating CCCM
mode s true. Alternatively, or tn addition, the flag is not signalled, if CCP merge mode i3
applied. Alternatively, or in addition, the flag is signaled , if the first target coding mode

is applicable.

16297]  In some embodiments, whether the first target coding mode or the variant of the
first target coding mode is applied depends on signaled mode. In some embodiments, if
the signaled mode 1s CCLM, a flag indicating CCCM mode and the flag are both true, a
current block uses the first target coding mode. Alternatively, or in addition, if the
signaled mode 13 MM-CCLM, a flag indicating CCCM mode and the flag are both true
are both true, a current block uses MM-extCCCM mode. Alternatively, or in addition, if
the signaled mode 15 CCLM-T, a flag indicating CCCM mode and the flag are both true,
a current block uses extCCCM -T mode. Alternatively, or in addition,if the signaled mode

is MM-CCLM-T, a flag indicating CCCM mode and the tflag are both true, a current block
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uses MM-extCCCM-T mode. Alternatively, or in addition, if the signaled mode 1s CCLM-
L, a flag indicating CCCM mode and the flag are both true, a current block uses extCCCM -
T mode. Alternatively, or in addition, if the signaled mode is MM-CCELM-L, a flag
indicating CCCM mode and the flag are both true, a current block uses MM-extCCCM-T

mode.

[6298] In some embodiments, the first target coding mode is used with merge CCP
mode. In some embodiments, the first target coding mode 15 regarded as a vew type in

merge CCP mode.

16299] In some embodiments, information and/or parameters of the first target coding
mode are stored in blocks. In some other embodiments, information and/or parameters of
the first target coding mode are stored in a history table. In some embodiments, stored
information and/or parameters of the first target coding mode are used to generate a

candidate in a merge CCP candidate list.

10360] In some embodiments, a candidate with a type of the first target coding mode is
involved in a candidate list reordering process. Alternatively, or in addition, a candidate
with a type of the first target coding mode 1s involved in a candidate list pruning process.
Alternatively, or in addition, a candidate with a type of the first target coding mode is
involved 1n a candidate list offset updating process. Alternatively, or in addition, if a
candidate with a type of the {irst target coding mode is selected, the first target coding

made is used for the current block which is instructed by parameters of the candidate.

[0361] In some embodiments, a training process which is same as CCCM 1s applied to
derive parameters of the first target coding mode, but the training process is with different
number of parameters. In some embodiments, a region of chroma reconstructed samples
and corresponding luma reconstructed samples of the chroma reconstructed samples used
by the first target coding mode or a variant of the first target coding mode is the same to
that of CCCM or a variant of CCCM. In some other embodiments, a region of chroma
reconstructed samples and corresponding luma reconstructed samples of the chroma
reconsiructed samples used by the first target coding mode or a variant of the first target
coding mode is different from that of CCCM or a vanant of CCCM.

(03621 Insome embodiments, the set of reconstructed chroma samples and/or the set of

predicted chroma samples are at at least one of: the target position, an above position

relative to a target position of a chroma sample to be predicted, a left position relative to
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the target position, a left-above position relative to the target position, a right-above
position relative to the target position, or a left-bottom position relative to the target
position. An example is shown in Fig. 40, In some embodiments, predChromaVal(X} =
coC + N + 28 + E + ¢aW + ¢sP ++ ¢l + ¢7Y + ¢sf + coR+ croQ+cuB, where
predChromaVal(X) represents the chroma sample to be predicied, C represents a luma
sample at a position corresponding to the target position, N represents a luma sample at
the north position, S represents a luma sarople at the south position, E represents a luma
sample at the east position, W represents a luma sample at the west position, L represents
a chroma sample at the left-above position, Y represents a chroma sample at the above
position, Z represents a chroma sample at the left position, R represents a chroma sample
at the right-above position, Q represents a chroma sample at the left-bottom position
posttion, P and B represents nonlinear term and bias term, respectively, co, ¢1, €2, €3, ¢4,
cs, cs, €7, €8, ¢o , cio and ©1 represent parameters. In some embodiments, P=C*

Alternatively, or in addition, B=1<<bitdepth-1}.

(63631 In some embodiments, predChromaVal{X} = coC + ¢iN + 28 + ¢3E + caW + ¢sP
+ coll + ¢7Y + ¢ + coB, wherein predChromaVal(X) represents the chroma sarmple to be
predicted, C represents a luma sample at a position corresponding to the target position,
N represents a luma sample at the north position, S represents a luma sample at the south
position, E represents a luma sample at the east position, W represents a luma sample at
the west position, L represents a chroma sample at the lefi-above position, Y represents a
chroma sample at the above position, Z represents a chroma sample at the feft position, P
and B represents nonlinear term and bias term, respectively, co, €1, €2, €3, ¢4, C5, Cs, ©7, Ca,
and ¢9 represent parameters. In some embodiments, P=C? Alternatively, or in addition,

B=1<<(bitdepth-1).

18384] In some embodiments, if one or more chroma samples are unavailable, padding
ts used to obtain the set of reconstructed chroma samples and/or the set of predicted
chroma samples. In some other embodiments, a function with at least one input as an
additional chroma sample is tnvolved in the CCP model. For example, the function ts a

derivation of a gradient, or wherein the function is a non-linear operation.

183¢5]  Insome embodiments, the set of turna saruples are obtained with down-sampling
approaches same as those used in one of: cross-component linear model (CCLM),
convolutional cross-component model (CCCM), gradient linear wmodel (GLM), or CCCM
using multiple downsampling filters (MF-CCCM}. In some other embodiments, the set of
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tuma samples are obtained with down-sampling approaches different as those used in one

of CCLM, CCCM, GLM, or MF-CCCM.

18386] Insome embodiments, in response to the video unit is coded with a second target
coding mode, the set of reconstructed chroma samples and/or the set of predicted chroma
samplesare applied 1n the CCP model In some embodiments, the second target coding

mode is @ mix CCCM (mixCOCCM) mode.

103671 In some embodiments, the second target coding mode has variants is a same way
of CCCM. In some embodiments, the variants of the second target coding mode comprise
at least one of multiple model-mixCCCM (MM-nmixCCCM), mixCCCM-lett (imixCCCM-
L}, mixCCCM-top {(mixCCOM-T), MM~ muxCCCM-L, or MM- mixCCCM-T.

[6368] In some embodiments, the second target coding mode and variants of the second
target coding mode replace an exiting mode. In some embodiments, the existing mode
comprises CCCM and/or variants of the CCCM. In some other embodiments, the second

target coding mode 18 used as an additional mode.

[6369] In some embodiments, whether to and/or how to use the second target coding
mode depend on coding information of a current block. In some embodiments, the coding
tnformation comprises at least one oft a mode of the current block, a mode of a
neighbouring block, a mode of a luma block in a collocated region of the current block, a
mode of a luma block in a collocated region of a neighbouring block, P, slice type,
picture type, block width, block height, position of the current block, or reconstructed

samples.

i0318] In some embodiments, the second target coding mode is not apphicable, if a
gradient and location based convolutional cross-component model (GL-CCCM) 15 applied.
Alternatively, or in addition, the second target coding mode is not applicable, if
unsampling CCCM is applied. Alternatively, or in addition, the second target coding mode
i3 not applicable, (f MF-CCCM is applied. Alternatively, or in addition, the second target
coding mode is not applicable, if inside filtering 15 applied. Alternatively, or in addition,
the second target coding mode is applicable only for the second target coding mode not
vartants of the second target coding mode. Alternatively, or in addition, the second target
coding mode 1s applicable only for the second target coding mode and MM-mixCCCM

but not other variants of the second target coding mode.
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[6311] In some embodiments, the second target coding mode 1s not applicable if W<T1
and/or H<T2. Alternatively, the second target coding mode 1s not apphicable, if W+ H<T.
Alternatively, the second target coding mode is not applicable if W* H<T. Alternatively,
the second target coding mode is not applicable it W>T1 and/or H>T2 . Alternatively, the
second target coding mode is not applicable if W+ H>T. Alternatively, the second target
coding mode is not applicable if W* H>T. In some embodiments, W represents the block
width, H represeunts the block height, T1, T2, and T represent thresholds, respectively. o
some embodiments, the second target coding mode i1s not applicable, if posX ==0 or posY

== () where a top-left position of the current block is (posX, posY).

163121 In some embodiments, a flag is signaled to indicate whether the second target
coding mode and/or a variant of the second target coding mode is applied. In some

embodiments, the flag is signalled based on a condition.

[6313] In some embodiments, the flag is signalled, if another flag indicating CCCM
mode is true. In some other ernbodiments, the flag is not signalled, if CCP merge mode s
applied. In some further embodiments, the flag is signaled | if the second target coding

mode i3 applicable.

10314] In some embodiments, whether the second target coding mode or the varniant of
the second target coding mode s applied depends on signaled mode. In some embodiments
if the signaled mode is CCLM, a flag indicating CCCM mode aund the flag are both true,
a current block uses the second target coding mode. In some other embodiments, if the
signaled wode 18 MM-CCLM, a flag wndicating CCCM mode and the flag are both true
are both true, a current block uses MM-mixCCCM mode. In some further embodiments,
if the signaled mode 138 CCLM-T, a flag indicating CCCM mode and the flag are both true,

a current block uses mixCCCM-T mode.

[6315] In some embodiments, if the signaled mode 1s MM-CCLM-T, a flag indicating
CCCM mode and the flag are both true, a current block uses MM-~mixCCCM-T mode. In
some other embodiments, if the signaled mode is CCLM-L, a flag indicating CCCM mode
and the flag are both true, a current block uses mxCCCM-T mode. In some further
embodiments, if the signaled mode 1s MM-CULM-L, a flag indicating CCCM mode and

the flag are both true, a current block uses MM-rixCCCM-T mode.

10316] In some embodiments, the second target coding mode ts used with merge CCP

mode. In some embodiments, the second target coding mode is regarded as a new type in
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merge CCP mode. In some embodiments, information and/or parameters of the second
target coding mode are stored in blocks. In some other embodiments, information and/or
parameters of the second target coding mode are stored in a history table. In somse
embodiments, stored information and/or parameters of the second target coding mode are

used to generate a candidate in a merge CCP candidate list.

(63171 In some embodiments, a candidate with a type of the second target coding mode
s tovolved in a candidate list reordering process. In sorue other embodiments, a candidate
with a type of the second target coding mode is involved in a candidate list pruning process.
In some further embodiments, a candidate with a type of the second target coding mode
isinvolved in a candidate list offset updating process. In some embodiments, if a candidate
with a type of the second target coding mode is selected, the second target coding mode

ts used for the current block which is instructed by parameters of the candidate.

16318} In some embodiments, a training process which is same as CCCM is applied to
derive parameters of the second target coding mode, but the training process 13 with
different number of parameters. In some embodiments, a region of chroma reconstructed
samples and corresponding luma reconstructed samples of the chroma reconstructed
samples used by the second target coding mode or a variant of the second target coding

mode is the same to that of CCCM or a variant of CCCM.

[6319] In some embodiments, a region of chroma reconstructed samples and
corresponding luma reconstructed samples of the chroma reconstructed samples used by
the second target coding mode or a variant of the second target coding mode 15 different
from that of CCCM or a variant of CCCM. In some embodiments, the region of chroma
reconsiructed samples and the corresponding luma reconstructed samples used by the
second target coding mode or the variant of the second target coding mode is smaller than
that of CCCM or the variant of CCCM, wherein a top row and left-most column involved

tn the CCCOM training process are excluded,

163281 In some embodiments, in the training process of the second target coding mode,
a reconstructed sample is used as an input value, but not used as a target value. In some
embodiments, a reconstructed chroma sample at the lefi-above position, a reconstructed
chroma sample at the above position, and a recoustructed chroma sample at the left
posttion are used input values of the target value but not used as target values in the

training process, as shown in Fig. 42.
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[6321] In some embodiments, in the training process of the second farget coding mode,
a reconstructed sample is used as an mput value and also used as a target value. In some
embodiments, a reconstructed chroma sample at the left-above position, a reconstructed
chroma sample at the above position, and a reconstructed chroma sample at the left
position are used input values of the target value and used as target values in the training

process, as shown in Fig. 43,

18322] In some embodiments, if the second target coding tool 18 applied to predict a
chroma sample, a chroma sample input to the CCP model at a specific position is a
reconstructed sample or prediction sample. In some embodiments, if the specific position

is out of a current block, the reconstructed sample is input.

(63231 Insome embodiments, if the specific position is in a current block, the prediction

sample is input. For example, a prediction sample of a position is obtained by using a

mixCCCM model on the position to get the prediction value.

10324] In some embodiments, a chroma sample at the lefi-above position, a chroma
sample at the above position, and a chroma sample at the left position are used as input
values to predict the chroma sample. For example, as shown in Fig. 44, the chroma sample
at the left-above position, the chroma sample at the above position, and the chroma sample
at the left position are all reconstructed samples. Alternatively, as shown in Fig. 45, the
chroma sarople at the left-above position and the chroma sample at the above position are
reconstructed samples, and the chroma sample at the left position 15 a prediction sample.
Alternatively, as shown in Fig. 46, the chroma sample at the left-above position, the
chroma sample at the above position, and the chroma sample at the left position are all

prediction samples.

[6325] Insomeembodiments, a plurality of extended CCCM modes are applied. In some

embodiments, the first target coding mode and the second target coding mode coexist.

18326] In some embodiments, a first flag 15 signaled to indicate whether a kind of
extended CCCM mode is applied. In some embodiments, the first flag is signaled based
ou a condition. Tu some embodiments, the first flag is singaled if a flag indicating CCCM
mode 1s true. In some other embodiments, the first flag is not signalled, it CCP merge
mode is applied. In some embodiments, the first flag is signaled, if a kind of extended

CCCM mode is applicable.
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163271  In some embodiments, a second syntax element 1s signaled to indicate which
kind of extended CCCM mode 1s applied. In some embodiments, the second syntax
element 1s signalled based on a condition. In some embodiments, the second syntax
element 15 signalled, if a first flag indicating whether the kind of extended CCCM mode

is applied s true.

[6328] In some embodiments, an indication of whether to and/or how to apply at least
one of the followings in the CCP model: the set of luma samples, the set of additional
luma samples, the set of reconstructed chroma samples or the set of predicted chroma
samples 15 indicated at one of the followings: sequence level, group of pictures level,

2

picture level, slice level, or tite group level.

(63291 In some embodiments, an indication of whether to and/or how to apply at least
one of the followings in the CCP model: the set of luma samples, the set of additional
luma samples, the set of reconstructed chroma samples or the set of predicted chroma
samples is indicated 1o one of the following: a sequence header, a picture header, a
sequence parameter set (SPS), a video parameter set (VPS), a dependency parameter set
(DPS), a decoding capability information (DCI), a picture parameter set {(PPS), an

adaptation parameter sets {APS}, a slice header, or a tile group header.

186330] In some embodiments, an indication of whether to and/or how to apply at least
oune of the followings in the CCP model: the set of luma saroples, the set of additional
luma samples, the set of reconstructed chroma samples or the set of predicted chroma
samples 1s wncluded in one of the following: a prediction block (PB), a transtform block
(TB), a coding block (CB), a prediction unit {(PU}, a transform unit (TU}, a coding unit
{(CU), a coding tree block {CTB), or a coding tree unit {CTU).

[86331] In some embodiments, the method 4700 further comprises: determining, based
on coded information of the video unit, whether and/or how to determine apply at least
one of the followings in the CCP model: the set of luma samples, the set of additional
luma samples, the set of reconstructed chroma samples or the set of predicted chroma
samples. The coded information may include at least one of: a block size, a colour tormat,

a single and/or dual tree partitioning, a colour component, a slice type, or a picture type.

103321 In some embodiments, a syntax element (SE) is binarized as one of a flag, a
fixed length code, an EG{x) code, a unary code, a truncated unary code, or a truncated

binary code. In some embodiments, the SE 1s signed or unsigned. In some embodiments,
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the SE is coded with at [east one context model. Alternatively, the SE 1s bypass coded.

(03331 In some embodiments, the SE is signaled in a conditional way In some
embodiments, the SE is signaled ounly if a corresponding function is apphlicable.

Alternatively, the SE is signaled only if dimensions of the video unit satisfy a condition.

10334] In some embodiments, the SE 18 indicated at one of the followings: sequence
tevel, group of pictures level, picture level, slice level, or tile group ievel. In some
embodiments, the SE is indicated at one of the followings: a prediction block (PB), a
transtorm block (TB), a coding block (CB), a prediction unit (PU), a transform unit {TU),

a coding unit (CU), a coding tree block (CTB), or a coding tree unit (CTU).

18333] In some embodiments, the video unit is applied with other coding tools which

require chroma fusion.

[0336] According to further embodiments of the present disclosure, a non-transitory
computer-readable recording medium is provided. The non-transitory computer-readable
recording medium stores a bitstream of a video which is generated by a method performed
by an apparatus for video processing. The method comprises: applying at least one of the
followings in a cross-component prediction {CCP) model: a set of luma samples, a set of
additional luma samples, a set of reconstructed chroma samples, or a set of predicted
chroma samples; determining a prediction or reconstruction of a video unit of the videc
by applying the CCP model to the video unit; and generating the bitstream based on the

prediction or reconstruction.

[6337] According to still further ernbodiments of the present disclosure, a method for
stortng bitstream of a video is provided. The method comprises: applying at least one of
the followings in a cross-component prediction (CCP) model: a set of luma samples, a set
of additional luma samples, a set of reconstructed chroma samples, or a set of predicted
chroma samples; determining a prediction or reconstruction of a videc unit of the video
by applytng the CCP wodel to the video unit; generating the bitstream based ov the
prediction or reconstruction; and storing the bitstream in a non-trapnsitory computer-

readable recording medium.

[6338] Implementations of the present disclosure can be described in view of the

following clauses, the features of which can be combined in any reasonable manner.

18339] Clause 1. A method of video processing, comprising: applying, for a conversion
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between a videc unit of a video and a biistream of the video unit, at east one of the
tollowings in a cross-component prediction {CCP) model: a set of luma samples, a set of
additional luma samples, a set of reconstructed chroma samples, or a set of predicted
chroma samples; determining a prediction or reconstruction of the video unit by applying
the CCP model to the video unit; and performing the conversion based on the prediction

or reconstruction.

18340] Clause 2. The method of clause 1, wherein luma positions used in the CCP model

are after down-sampling for a colour format.

16341] Clause 3. The method of clause 1, wherein the set of additional luma samples
are at positions which are beyond a center position corresponding o a chroma sample to
be predicted, a north position relative to the center position, a west position relative to the
center position, an east position relative to the center position and a south position relative

to the center position.

10342] Clause 4. The method of clause 3, wherein the set of additional luma samples
are at at least one of the following positions relative to the center position: a north west

position, a north east position, a south west position, or a south east position.

18343] Clause 5. The method of clause 4, wherein predChromaVal = ¢ + ciN + 28 +
B+ caW + osP 4+ coNW + ¢/NE + ¢s8W + coSE+ cioB, wherein predChromaVal
represents a chroma sample to be predicted, C represents a luma sample at the center
position, N represents a luma sample at the north position, S represents a luma sample at
the south position, E represents a luma sample at the east position, W represents a luma
sample at the west position, NW represents a fuma sample at the north west position, NE
represents a luma sample at the north east position, SW represents a luma sample at the
south west position, SE represents a luma sample at the south east position, P and B
represents nonlinear term and bias term, respectively, o, €1, €2, €3, €4, C3, Cs, 07, €8, €9 and

cio represent parameters.
[0344] Clause 6. The method of clause 5, wherein P=C? and/or B=1<<{bitdepth-1).

10343] Clause 7. The method of clause 3, wherein the set of additional luma samples
are at a position non-adjacent to the center position.

[6346] Clause 8. The method of clause 7, wherein predChromaVal = coC + ciN + 28 +

CaE 4 CaW + osP A calNW 4 ¢7NE + ¢eSW + ¢oSE+ cioNZ +¢uiS2 + ¢izE2 + ¢isW2 + ¢14B,
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wherein predChromaVal represents a chroma sample to be predicted, { represents a luma
sample at the center position, N represents a luma sample at the north position, S
represents a luma sample at the south position, E represents a luma sample at the east
position, W represents a luma sample at the west position, NW represents a luma sample
at the vorth west position, NE represents a luma sample at the north east position, SW
represents a luma sample at the south west position, SE represents a luma sample at the
south east position, N2, 82, E2 and W2 represent luma samples at non-adjacent positions
to the center position, respectively, P and B represents nonlinear term and bias term,

respectively, co, ¢1, €2, €3, €4, €5, Cs, €7, C8, €9, Clo, Ci1, €12, C13 and Cr4 Tepresent parameters.
[6347] Clause 9. The method of clause 8, wherein P=(? and/or B=1<<(bitdepth-1).

[6348] Clause 10. The method of clause 1, wherein if one or more luma samples are

unavailable, padding is used to obtain the set of additional luma samples.

163491 Clause 11. The method of clause 1, wherein a function with at least one input as

an additional luma sample is involved in the CCP model.

16350] Clause 12. The method of clause 11, wherein the function is a derivation of a

gradient.

18381] Clause 13. The method of clause 1, wherein the set of luma samples and the set
of additional luma samples are obtained with down-sampling approaches same as those
used in one of: cross-component linear model (CCLM), convolutional cross-component
model (CCCM}, gradient linear model {(GLM), or CCCM using multiple downsampling

tilters (MF-CCCM).

183582] Clause 14. The method of clause 1, wherein the set of luma samples and the set
of additional luma samples are obtained with down-sampling approaches different from

those used 1o one of: CCLM, CCCM, GLM, or MF-CCCM.

163531 Clause 15 The method of clause 1, wherein in response to the video unit is coded
with a first target coding mode, the set of luma samples and the set of additional luma

samples are apphied in the CCP model.

163841 Clause 16. The method of clause 15, wherein the first target coding mode is an

extended CCCM (extCCCM} rmode.

16355] C(lause 17. The method of clause 15, wherein the first target coding mode has
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vartants is a same way of CCCM.

10356] Clause 18. The method of clause 17, wherein the variants of the first target
coding wode comprise at least one of: multiple model- extCCCM (MM-extCCCM},
extCCCM-left (extCCCM-L), extCCCM-top (extCCCM-T}, MM-extCCCM-L, or MM-
extCCCM-T.

16357] Clause 19. The method of clause 15, wherein the first target coding mode and

variants of the first target coding mode replace an exiting mode.

103588] Clause 20 The method of clause 19, wherein the existing mode comprises

CCCM and/or variants of the CCCM.

16359] Clause 21. The method of clause 15, wherein the first target coding mode 15 used

as an additional mode.

103601 Clause 22. The method of clause 15, wherein whether to and/or how to use the

first target coding mode depend on coding information of a current block.

163611 Clause 23, The method of clause 22, wherein the coding information comprises
at least one of" a mode of the current block, a mode of a neighbouring block, a mode of a
luma block in a collocated region of the current block, a mode of a luma block in a
collocated region of a neighbouring block, quantization parameter (QP), slice type, picture

type, block width, block height, position of the current block, or reconstructed samples.

163621 Clause 24. The method of clause 23, wherein the first target coding mode is not
applicable, if a gradient and location based convolutional cross-component mode] (GL-
CCCM} is applied, and/or wherein the first target coding mode is not applicable, if
unsampling CCCM is applied, and/or wherein the first target coding mode 18 not
applicable, if MF-CCCM is applied, and/or wherein the first target coding mode is not
applicable, if inside filtering 15 applied, and/or wherein the first target coding mode is
applicable only for the first target coding mode not variants of the first target coding mode,
and/or wherein the first target coding mode 1s applicable only for the first target coding

mode and MM-extCUCM but not other variants of the first target coding mode.

163631 Clause 25. The method of clause 23, wherein the first target coding mode is not
applicable if W<T1 and/or H<T2, or wherein the first target coding mode is not applicable,
if W+ H<T, or wherein the first target coding mode is not applicable ift W* H<T, or
wherein the first target coding mode is not applicable if W>T1 and/or H>T2, or wherein
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the first target coding mode 18 not applicable it W+ H>T, or wherein the first target coding
mode is not applicable if W* H>T, and wherein W represents the block width, H

represents the block height, T1, T2, and T represent thresholds, respectively.

163641 Clause 26. The method of clause 15, wherein a flag is signaled to indicate
whether the first target coding mode and/or a vanaunt of the first target coding mode is

applied.

10365] Clause 27. The method of clause 26, wherein the flag is signallied based on a

condition.

6366] Clause 28 The method of clause 26, wherein the flag is signalled, if another flag
g £

indicating CCCM wmode 15 true.

16367] Clause 29. The method of clause 26, wherein the flag is not signalled, if CCP

merge mode 15 applied.

10368] Clause 30. The method of clause 26, wherein the flag is signaled | if the first

target coding mode is applicable.

16369] Clause 31. The method of clause 26, wherein whether the first target coding

mode or the variant of the first target coding mode 1s applied depends on signaled mode.

103701 Clause 32. The method of clause 31, wherein if the signaled mode 1s CCLM, a
flag indicating CCCM mode and the flag are both true, a current block uses the first target

coding mode.

18371] Clause 33, The method of clause 31, wherein if the signaled mode 1s MM-CCLM,
a flag indicating CCCM mode and the tlag are both true are both true, a current block uses

MM-extCCCM mode.

163721 Clause 34, The method of clause 31, wherein if the signaled mode 15 CCLM-T,
a flag indicating CCCM mode and the flag are both true, a current block uses extCCCM -

T mode.

(63731 Clause 35. The method of clause 31, wherein if the signaled mode 15 MM-
CCLM-T, a flag indicating CCCM mode and the flag are both true, a current block uses
MM-extCCCM-T mode.

163741 Clause 36, The method of clause 31, wherein if the signaled mode 1s CCLM-L,
a flag indicating CCCM mode and the flag are both true, a current block uses extCCCM-
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T mode.

[0375] Clause 37. The method of clause 31, wherein if the signaled mode 1s MM-
CCLM-L, a flag indicating CCCM mode and the flag are both true, a current block uses

MM-extCCCM-T mode.

18376] Clause 38 The method of clause 15, wherein the first target coding mode 15 used

with merge CCP mode.

103771  Clause 39, The method of clause 38 wherein the first target coding mode 13

regarded as a new type in merge CCP mode.

163781 Clause 40 The method of clause 38, wherein information and/or parameters of

the first target coding mode are stored in blocks.

16379] Clause 41. The method of clause 38, wherein information and/or parameters of

the first target coding mode are stored in a history table.

16380] Clause 42, The method of clause 3§, wherein stored information and/or
parameters of the first target coding mode are used to generate a candidate in a merge

CCP candidate Hist

16381] Clause 43. The method of clause 38, wherein a candidate with a type of the first

target coding mode is involved in a candidate list reordering process.

16382] Clause 44. The method of clause 38, wherein a candidate with a type of the first

target coding mode is invelved in a candidate list pruning process.

10383] Clause 45 The method of clause 38, wherein a candidate with a type of the first

target coding mode is involved tn a candidate list offset updating process.

[6384] Clause 46. The method of clause 38, wherein if a candidate with a type of the
first target coding mode s selected, the first target coding mode 18 used for the current
block which is instructed by parameters of the candidate.

10383] Clause 47. The method of clause 15, wherein a training process which 1s same
as CCCM 1s applied to derive parameters of the first target coding mode, but the training

process 1s with different number of parameters.

18386] Clause 48 The method of clause 47, wherein a region of chroma reconstrucied

samples and corresponding luma reconstructed samples of the chroma reconstructed
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samples used by the first target coding mode or a variant of the first target coding mode

s the same to that of CCCM or a variant of CCCM.

18387] Clause 49 The method of clause 47, wherein a region of chroma reconstrucied
samples and corresponding luma reconstructed samples of the chroma reconstructed
samples used by the first target coding mode or a variant of the first target coding mode

s different from that of CCCM or a variant of CCCM.

10388] Clause 50. The method of clause 1, wherein the set of reconstructed chroma
samples and/or the set of predicted chroma samples are at least one of: the target position,
an above position relative to a target position of a chroma sample to be predicted, a lett
position refative to the target position, a left-above position relative to the target position,
a right-above position relative to the target position, or a left-bottom position relative to

the target position.

163891 Clause 51. The method of clause 50, wherein predChromaVal(X) = coC + eiN +
¢28 + C3E + caW + ¢sP ++ sl + 7Y + ¢ + coR+ ¢10Q+c B, wherein predChromaVal(X)
represents the chroma sample to be predicted, € represents a luma sample at a position
corresponding to the target position, N represents a luma sample at the north position, 8
represents a luma sample at the south position, E represents a luma sample at the east
position, W represents a luma sample at the west position, L represents a chroma sample
at the left-above position, Y represenis a chroma sample at the above position, Z
represents a chroma sample at the left position, R represents a chroma sample at the right-
above position, Q represents a chroma sample at the left-bottom position position, P and
B represents nonlinear term and bias term, respectively, co, ¢1, €2, €3, €4, €5, C6, €7, €8, Co,

cio and i1 represent parameters,
[63%0] Clause 52 The method of clause 51, wherein P=C* and/or B=1<<{bitdepth-1).

(63911  Clause 53. The method of clause 50, wherein predChromaVal{X) = ¢coC + ciN +
czN + B A+ W + 03P+ el + ¢7Y + s + ¢oB, wherein predChromaVal{X) represents
the chroma sample to be predicted, € represents a luma sample at a position corresponding
to the target position, N represenis a luma sample at the north position, S represents a
luma sample at the south position, E represents a luma sample at the east position, W
represents a luma sample at the west position, L represents a chroma sample at the lefi-
above position, Y represents a chroma sample at the above position, Z represents a chroma

sample at the left position, P and B represents nonlinear term and bias term, respectively,

W
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o, €1, €2, €3, C4, €S, C6, C7, Cx, and ¢s represent parameters,
[6392] Clause 54. The method of clause 53, wherein P=C? and/or B=1<<(bitdepth-1}.

18393] Clause 35, The method of clause 1, wherein if one or more chroma samples are
unavailable, padding is used to obtain the set of reconstructed chroma samples and/or the

set of predicted chroma samples.

16394] Clause 56. The method of clause T, wherein a function with at least one input as

an additional chroma sample is tnvolved in the CCP model.

18395] Clause 57 The method of clause 56, wherein the function 13 a derivation of a

gradient, or wherein the function is a non-linear operation.

18396] Clause 58 The method of clause 1, wherein the set of luma samples are obtained
with down-sampling approaches same as those used in one oft cross-compongnt linear
model (CCLM), convolutional cross-component model (CCCM), gradient linear model

(GLM), or CCCM using multiple downsampling filters (MF-CCCM}.

163971 Clause 59. The method of clause 1, wherein the set of luma samples are obtained
with down-saropling approaches different from those used in one oft CCLM, CCCM,

GLM, or MF-CCCM.

103981 Clause 60 The method of clause 1, wherein in response to the video unit is coded
with a second target coding mode, the set of reconstructed chroma samples and/or the set

of predicted chroma samplesare applied in the CCP model.

16399] Clause 61. The method of clause 60, wherein the second target coding mode is

a mix CCCM (mixCCCM) mode.

[6400] Clause 62. The method of clause 60, wherein the second target coding mode has

variants is a same way of CCCM.

164811 Clause 63. The method of clause 02, wherein the variants of the second target
coding mode comprise at least one of. multiple model-mixCCCM (MM-~-mixCCCM),
mixCCCM-left (mixCCCM-L), mixCCCM-top (mixCCCM-T), MM- mixCCCM-L, or
MM- muxCCCM-T.

104621 Clause 64. The method of clause 60, wherein the second target coding mode and

variants of the second target coding mode replace an exiting mode.
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16483] Clause 65 The method of clause 64, wherein the existing mode comprises

CCCM and/or variants of the CCCM.

18484] Clause 66. The method of clause 60, wherein the second target coding mode 13

used as an additional mode.

10463] Clause 67. The method of clause 60, wherein whether to and/or how to use the

second target coding mode depend on coding information of a current block.

10466] Clause 68. The method of clause 67, wherein the coding information comprises
at least one of: a mode of the current block, a mode of a neighbouring block, a mode of a
luma block 1n a coilocated region of the current block, a mode of a luma block in a
collocated region of a neighbouring block, QP, slice type, picture type, block width, block

height, position of the current block, or reconstructed samples.

104671 Clause 69 The method of clause 68, wherein the second target coding mode 13
not applicable, if a gradient and location based convolutional cross-component model
(GL-CCCM) 1s applied, and/or wherein the second target coding mode is not applicable,
if unsampling CCCM is applied, and/or wherein the second target coding mode 1s not
applicable, if MF-CCCM is applied, and/or wherein the second target coding mode is not
applicable, if inside filtering is applied, and/or wherein the second target coding mode s
applicable only for the second target coding mode not variants of the second target coding
mode, and/or wherein the second target coding mode 15 applicable only for the second
target coding mode and MM-mixCCCM but not other variants of the second target coding

mode.

104881 Clause 70. The method of clause 68, wherein the second target coding mode is
not applicable if W<T! and/or H<TZ, or wherein the sccond target coding mode 18 not
applicable, it W+ H<T, or wherein the second target coding mode s not applicable it W*
H<T, or wherein the second target coding mode is not applicable if W>T1 and/or H>T2,
or wherein the second target coding mode is not applicable if W+ H>T, or wherein the
second target coding mode is not applicable if W* H>T, and wherein W represents the
block width, ¥ represents the block height, T1, T2, and T represent thresholds,

respectively.

10469] Clause 71. The method of clause 68, wherein the second target coding mode 13

not applicable, 1f posX == 0 or posY == 0, wherein a top-left position of the current block
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is {posX, posY).

10410] Clause 72. The method of clause 60, wherein g flag is signaled to indicate
whether the second target coding mode and/or a variant of the second target coding mode

is applied.

16411] Clause 73. The method of clause 72, wherein the flag is signalied based on a

condition.

16412] Clause 74. The method of clause 72, wherein the flag is signalled, if another flag

indicating CCCM mode is true.

164131 Clause 75. The method of clause 72, wherein the flag is not signalled, it CCP

merge mode 18 applied.

16414] Clause 70. The method of clause 72, wherein the flag is signaled , if the second

target coding mode is applicable.

16415] Clause 77. The method of clause 72, wherein whether the second target coding

mode or the variant of the second target coding mode is applied depends on signaled mode.

18416] Clause 78. The method of clause 77, wherein if the signaled mode 1s CCLM, a
flag indicating CCCM mode and the flag are both true, a current block uses the second

target coding mode.

18417] Clause 79. The method of clause 77, wherein if the signaled mode 1s MM-CCLM,
a flag indicating CCCM mode and the flag are both true are both true, a current block uses

MM-mixCCCM mode.

16418] Clause 80 The method of clause 77, wherein if the signaled mode 1s CCLM-T,
a flag indicating CCCM mode and the tlag are both true, a current block uses mixCCCM-

T mode.

164191 Clause 81. The method of clause 77, wherein if the signaled mode i1s MM-

CCLM-T, a flag indicating CCCM mode and the flag are both true, a current block uses

MM-mixCCCM-T mode.

104201 Clause 82. The method of clause 77, wherein if the signaled mode 18 CCLM-L,
a flag indicating CCCM mode and the flag are both true, a current block uses mixCCCM-~

T mode.
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[6421] Clause 83. The method of clause 77, wherein if the signaled mode 15 MM-
CCLM-L, a flag indicating CCCM mode and the flag are both true, a current block uses
MM-mixCCUM-T mode.

164221 Clause 84 The method of clause 60, wherein the second target coding mode is

used with merge CCP mode.

164231 Clause 85 The method of clause 84, wherein the second target coding mode is

regarded as a new type 1n merge CCP mode.

104241 Clause 86. The method of clause 84, wherein information and/or parameters of

the second target coding mode are stored in blocks.

16423] Clause 87. The method of clause 84, wherein wnformation and/or parameters of

the second target coding mode are stored in a history table.

[0426] Clause 88. The method of clause 84, wherein stored information and/or
parameters of the second target coding mode are used to generate a candidate in a merge

CCP candidate list.

164271 Clause 89 The method of clause 84, wherein a candidate with a type of the

second target coding mode ts involved tn a candidate list reordering process.

10428] Clause 90. The method of clause 84, wherein a candidate with a type of the

second target coding modse is involved in a candidate list pruning process.

164291 Clause 91. The method of clause 84, wherein a candidate with a type of the

second target coding mode 13 involved in a candidate list offset updating process.

186430] Clause 92. The method of clause 34, wherein if a candidate with a type of the
second target coding mode s selected, the second target coding mode is used for the

current block which is instructed by parameters of the candidate.

164311 Clause 93 The method of clause 60, wherein a training process which is same
as CCCM 1s apphied to derive parameters of the second target coding mode, but the

training process is with different number of parameters.

104321 Clause 94. The method of clause 93, wherein a region of chroma reconstructed
samples and corresponding luma reconstructed samples of the chroma reconstructed
samples used by the second target coding mode or a variant of the second target coding
mode is the same to that of CCCM or a variant of CCCM.
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164331 Clause 93, The method of clause 93, wherein a region of chroma reconstructed
samples and corresponding luma reconstructed samples of the chroma reconstructed
samples used by the second target coding mode or a variant of the second target coding

mode is different from that of CCCM or a variant of CCCM.

10434] Clause 96. The method of clause 95, wherein the region of chroma reconstructed
samples and the corresponding luma reconstructed samples used by the second target
coding mode or the variant of the second target coding mode 15 smaller than that of CCCM
or the variant of CCCM, wherein a top row and left-most column involved in the CCCM

training process are excluded.

16435] Clause 97 The method of clause 93, wherein in the training process of the
second target coding mode, a reconstructed sample is used as an input value, but not used

as a target value,

164361 Clause 98, The method of clause 97, wherein a reconstructed chroma sample at
the left-above position, a reconstructed chroma sample at the above position, and a
reconsiructed chroma sample at the feft position are used input values of the target value

but not used as target values in the training process.

184371 Clause 99. The method of clause 93, wherein in the training process of the
second target coding mode, a reconstructed sample is used as an input value and also used

as a target value.

16438] Clause 100. The method of clause 99, wherein a reconstructed chroma sample at
the lefi-above position, a reconstructed chroma sample at the above position, and a
reconstructed chroma sample at the left position are used tnput values of the target value

and used as target values in the training process.

16439] Clause 101. The method of clause 60, wherein 1f the second target coding tool
is applied to predict a chroma sample, a chroma sample input {c the CCP model at a

specific position 18 a reconstructed sample or prediction sample.

104407 Clause 102, The method of clause 101, whergin if the specific position is out of

a current block, the reconstructed sample 1s input,

16441] Clause 103, The method of clause 101, wherein if the specific position is in a

current block, the prediction sample is input.



WO 2025/010276 PCT/US2024/036573

186442] Clause 104 The method of clause 103, wherein a prediction sample of a position

is obtained by using 2 mixCCCM model on the position to get the prediction value.

18443] Clause 105, The method of clause 101, wherein a chroma sample at the lefi-
above position, a chroma sample at the above position, and a chroma sample at the left

5  position are used as input values to predict the chroma sample, and wheretn the chroma
sample at the left-above position, the chroma sample at the above position, and the chroma
sample at the left position are all reconstructed samples, or wherein the chroma sample at

the left-above position and the chroma sample at the above position are reconstructed
samples, and the chroma sample at the left position is a prediction sample, or wherein he

10 chroma sample at the left-above position, the chroma sample at the above position, and

the chroma sample at the left position are all prediction samples.

18444] Clause 106. The method of any of clauses 1-103, wherein a plurality of extended

CCCM modes are applied.

10443] Clause 107 The method of clause 106, wherein the first target coding mode and

15 the second target coding mode coexist.

[6446] Clause 108. The method of clause 106, wherein a first flag 15 signaled to indicate

whether a kind of extended CCCM mode 18 applied.

164471 Clause 109 The method of clause 108, wherein the first flag is signaled based
on a condition.

20 [6448] Clause 110, The method of clause 109, wherein the first flag ts singaled if a flag
indicating CCCM mode is true.
16449] Clause 111, The method of clause 109, wherein the first flag is vot sigonalled, if

CCP merge mode is applied.

10450] Clause 112 The method of clause 109, wherein the first flag is signaled, if a

25 kind of extended CCCM mode is applicable,

[6451] Clause 113, The method of clause 106, wherein a second syntax element is

signaled to indicate which kind of extended CCCM mode 1s applied.

104521 Clause 114, The method of clause 113, wherein the second syniax element is

signalled based on a condition.

sd
Pt
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16453] Clause 115, The method of clause 114, wherein the second syntax element is
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signalled, if a first flag indicating whether the kind of extended CCCM mode is applied is

true.

18434] Clause 116, The method of any of clauses 1-115, wherein an indication of
whether to and/or how to apply at least one of the followings in the CCP model: the set of
tuma samples, the set of additional luma samples, the set of reconstructed chroma samples
or the set of predicted chroma samples is indicated at one of the followings: sequence

tevel, group of pictures fevel, picture level, slice level, or tile group level.

10458517 Clause 117 The method of any of clauses 1-115, wherein an indication of
whether to and/or how to apply at least one of the followings in the CCP model: the set of
tuma samples, the set of additional luma samples, the set of reconstructed chroma samples
or the set of predicted chroma samples is indicated in one of the following: a sequence
header, a picture header, a sequence parameter set (SPS), a video parameter set {(VPS), a
dependency parameter set {(DPS), a decoding capability information (DCI), a picture
parameter set (PP8), an adaptation parameter sets (APS), a shice header, or a tile group

header.

[0456] Clause 118 The method of any of clauses 1-115, wherein an indication of

whether to and/or how to apply at [east one of the followings in the CCP model: the set of
tuma samples, the set of additional luma samples, the set of reconstructed chroma samples
ot the set of predicted chroma sarmples is included in one of the following: a prediction
block (PB), a transform block (TB), a coding block (CB), a prediction unit (PU}, a
transtorm untt (TU), a coding unit (CU), a coding tree block (CTB), or a coding tree unit

(CTU).

184577 Clause 119, The method of any of clauses 1-115, further comprising:
determining, based on coded information of the video unit, whether and/or how to
determine apply at least one of the followings in the CCP model: the set of luma samples,
the set of additional tuma samples, the set of reconstructed chroma samples or the set of
predicted chroma samples, the coded information including at least one of: a block size,
a colour format, a single and/or dual tree partitioning, a colour component, a slice type,

or a picture type.

[6458] Clause 120. The method of any of clauses 1-119, wherein a syntax element (SE)
is binarized as one of a flag, a fixed length code, an EG{(X) code, a unary code, a truncated

unary code, or a truncated binary code.
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04591  (Clause 121. The method of clause 120, wherein the SE is signed or unsigned.
o )

1046017 Clause 122 The method of any of clauses 1-121, wherein the SE 13 coded with

at least one coutext model, or wherein the SE is bypass coded.

164611 Clause 123. The method of any of clauses 1-121, wherein the SE is signaled in

a conditional way.

[6462] Clause 124 The method of clause 123, wherein the SE is signaled only if a
corresponding function 1s applicable, or wherein the SE 1s signaled only if dimensions of

the video unit satisty a condition.

164631 Clause 125. The method of any of clauses 1-124, wherein the SE is indicated at
oue of the followings: sequence level, group of pictures level, picture level, shce level, or

tile group level.

(04641 Clause 126, The method of any of clauses 1-124, wherein the SE 15 indicated at
one of the followings: a prediction block (PB}, a transform block (TB), a coding block
(CB}, a prediction unit (PU), a transform unit (TU), a coding unit {CU), a coding tree

block {(CTB), or a coding tree unit {CTU).

[6465] Clause 127. The method of any of clauses 1-126, wherein the video unit is

applied with other coding tools which require chroma fusion.

10466] Clause 128, The method of any of clauses 1-127, wherein the conversion

inchides encoding the video unit into the bitstream.

18467] Clause 129 The method of any of clauses 1-127, wherein the conversion

includes decoding the video unit from the bitstream.

10468] Clause 130. An apparatus for video processing comprising a processor and a
non-transitory memory with instructions thereon, wherein the tastructions upon execution
by the processor, cause the processor to perform a method in accordance with any of

clauses 1-129,

[6469] Clause 131. A non-tramsifory computer-readable storage medium storing
instructions that cause a processor to perform a method in accordance with any of clauses

1-129.
164701 Clause 132, A non-transitory computer-readable recording medium storing a
bitstream of a video which is generated by a method perforrued by an apparatus for video

{01
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processing, wherein the method comprises: applving at least one of the followings in a
cross-component prediction (CCPY model: a set of luma samples, a set of additional luma
samples, a set of reconstructed chroma samples, or a set of predicted chroma samples;
determining a prediction or reconstruction of a video unit of the video by applving the
CCP model to the video unit; and generating the bitstream based on the prediction or

reconsiruction.

16471] Clause 133, A wethod for storing a bitstream of a video, comprising: applying
at least one of the followings in a cross-component prediction (CCP) model: a set of luma
samples, a set of additional luma samples, a set of reconstructed chroma samples, or a set
of predicted chroma samples; determining a prediction or reconstruction of a video unit
of the video by applying the CCP model to the video unit; generating the bitstream based
on the prediction or reconstruction; and storing the bitstream in a non-transttory computer-

readable recording medium.

Example Device

10472] Fig. 48 illustrates a block diagram of a computing device 4800 in which various
embodiments of the present disclosure can be tmplemented. The computing device 4800
may be implemented as or included in the source device 110 (or the video encoder 114 or

200} or the destination device 120 {or the video decoder 124 or 300).

186473] It would be appreciated that the computing device 4800 shown in Fig. 48 is
merely for purpose of illustration, without suggesting any limitation to the functions and

scopes of the embodiments of the present disclosure in any manner.

[0474] As shown in Fig 48, the computing device 4800 includes a general-purpose
computing device 4800. The computing device 4800 may at least comprise ong or more
processors or processing units 4810, a memory 4820, a storage unit 4830, one or more
commuunication units 4840, one or more input devices 4850, and one or more output

devices 4860,

18475] In some embodiments, the computing device 4800 may be implemented as any
user terminal or server terminal having the computing capability. The server terminal may
be a server, a large-scale computing device or the like that 1s provided by a service
provider. The user terminal may for example be any type of mobile terminal, fixed

terminal, or portable terminal, including a mobile phone, station, unit, device, multimedia
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computer, multimedia tablet, Internet node, communicator, desktop computer, lapiop
computer, notebook computer, netbook computer, tablet computer, personal
communication system (PCS) device, personal navigation device, personal digital
assistant (PDA), audio/video player, digital camera/video camera, positioning device,
television receiver, radio broadcast receiver, E-book device, gaming device, or any
combination thereof, including the accessories and peripherals of these devices, or any
comnbination thereof It would be coutemplated that the computing device 4800 can

support any type of interface to a user (such as “wearable” circuitry and the like).

18476] The processing unit 4810 may be a physical or virtual processor and can
implement vartous processes based on programs stored in the memory 4820, In a multi-
processor system, multiple processing units execute computer executable instructions in
paraliel so as to timprove the parallel processing capability of the computing device 4800,
The processing unit 4810 may also be reterred to as a central processing unit {CPU}, a

microprocessor, a controller or a microcontroller,

(64771 The computing device 4800 typically includes various computer storage medium.
Such medium can be any medium accessible by the computing device 4800, including,
but not himited to, volatile and non-volatile medium, or detachable and non-detachable
medivm. The memory 4820 can be a volatile memory (for example, a register, cache,
Random Access Memory (RAM)), a non-volatile memory {such as a Read-Ounly Memory
(ROM), Electrically Erasable Programmable Read-Only Memory (EEPROM), or a flash
memory), or any combination thereof. The storage unit 4830 may be any detachable or
non-detachable medium and may include a machine-readable medium such as 2 memory,
flash memory drive, maguetic disk or another other media, which can be used for storing

information and/or data and can be accessed in the computing device 4800,

[6478] The computing device 4800 may further include additional detachable/non-
detachable, volatile/non-volatile memory medium. Although not shown in Fig. 48, it is
possible to provide a magnetic disk drive for reading from and/or writing into a detachable
and non-volatite magnetic disk and an optical disk drive for reading from and/or writing
into a detachable non-volatile optical disk. In such cases, each drive may be connected to

a bus {not shown) via one or more data mediun toterfaces.

10479] The communication unit 4840 communicates with a further computing device

via the commumication medium. In addition, the functions of the compounents in the

<
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computing device 4800 can be implemented by a single computing cluster or multiple
computing machines that can communicate via communication connections. Therefore,
the computing device 4800 can operate in a networked environment using a logical
connection with one or more other servers, networked personal computers (PCs) or further

general network nodes.

(64801 The input device 4850 may be one or more of a variety of input devices, such as
a mouse, keyboard, tracking ball, voice-input device, and the like. The output device 4860
may be one or more of a variety of output devices, such as a display, loudspeaker, printer,
and the like. By means of the communication unit 4840, the computing device 4800 can
further communicate with one or more external devices (not shown} such as the storage
devices and display device, with one or more devices enabling the user to interact with
the computing device 4800, or any devices (such as a network card, a modem and the like)
enabling the computing device 4800 to communicate with one or more other computing
devices, if regquired. Such communication can be performed via tnput/output {(I/0)

interfaces (not shown).

[6481] Insome embodiments, instead of being integrated in a single device, some or all
components of the computing device 4800 may alsoc be arranged in cloud computing
architecture. In the cloud computing architecture, the components may be provided
remotely and work together to implement the functionalities described in the present
disclosure. In some embodiments, cloud computing provides computing, software, data
access and storage service, which will not require end users to be aware of the physical
locations or configurations of the systems or hardware providing these services. In various
embodiments, the cloud computing provides the services via a wide area network {(such
as Internet) using suitable protocols. For example, a cloud computing provider provides
applications over the wide area network, which can be accessed through a web browser or
any other computing components. The software or components of the cloud computing
architecture and corresponding data may be stored on a server at a remote position. The
computing resources in the cloud computing environment may be merged or distributed
at locations in a remote data center. Cloud computing infrastructures may provide the
services through a shared data center, though they behave as a single access point for the
users. Therefore, the cloud computing architectures may be used to provide the
componenis and functionalities described herein from a service provider at a remote

location. Alternatively, they may be provided from a conventional server or installed
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directly or otherwise on a client device.

(04821 The computing device 4800 may be used to implement video encoding/decoding
in embodiments of the present disclosure. The memory 4820 may include one or more
video coding modules 4825 having one or more program instructions. These modules are
accessible and executable by the processing unit 4810 to perform the functionalities of

the various embodiments described herein.

(04831 In the example embodiments of performing video encoding, the input device
4850 may receive video data as an input 4870 to be encoded. The video data may be
processed, for example, by the video coding module 4825, to generate an encoded
bitstream. The encoded bitstream may be provided via the output device 4860 as an cutput

4880.

[6484] In the example embodiments of performing video decoding, the input device
4850 may receive an encoded bitstream as the input 4870. The encoded bitstream may be
processed, for example, by the video coding module 4825, to generate decoded video data.

The decoded video data may be provided via the output device 4860 as the output 4880,

[6485] While this disclosure has been particularly shown and described with references
to preferred embodiments thereof, it will be voderstood by those skilled in the art that
various changes in form and details may be made therein without departing from the spirit
and scope of the present application as defined by the appended claims. Such variations
are intended to be covered by the scope of this present application. As such, the foregoing

description of embodiments of the present application 15 not intended to be limiting.
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/We Claim:

1. A method of video processing, comprising:

applying, for a conversion between a video unit of a video and a bitstream of the video
unit, at least one of the followings in a cross-component prediction (CCP)y model: a set of luma
samples, a set of additional luma samples, a set of reconstructed chroma samples, or a set of
predicted chroma samples;

determining a prediction or reconstruction of the video unit by applying the CCP model
to the video unit; and

performing the conversion based on the prediction or recounstruction.

2. The method of claim 1, wherein luma positions used in the CCP model are after dowo-

sampling for a colour format.

3. The method of claim 1, wherein the set of additional luma samples are at positions
which are beyond a center position corresponding to a chroma sample to be predicted, a north
position relative to the center posttion, a west position refative to the center position, an east

position relative to the center position and a south position relative to the center position.

4. The method of claim 3, wherein the set of additional luma samples are at at least one
of the following positions relative to the center position:

a north west position,

a north east position,

a south west position, or

a south east position.

5. The method of claim 4, wherein predChromaVal = ¢oC + ¢ )N + ¢85 + ¢:E + ¢fW +
csP +H e NW + ¢9NE + cg8W + ¢oSE+ ¢iuB, wherein predChromaVal represents a chroma
sample to be predicted, C represents a luma sample at the center position, N represents a luma
sarople at the north position, S represents a luma sample at the south position, E represents a
luma sample at the east position, W represents a luma sample at the west position, NW
represents a luma sample at the north west position, NE represents a luma sample at the north

east position, SW represents a luma sample at the south west position, SE represents a luma
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sample at the south east position, P and B represents nonlinear term and bias term, respectively,

Co, C1, €2, €3, €4, C5, Ce, €7, Cs, Co and ¢ip represent parameters.

6. The method of claim 5, wherein P=C? and/or B=1<<(bitdepth-1).

7. The method of claim 3, wherein the set of additional luma samples are at a position

non-~adjacent to the center position.

8. The method of claim 7, wherein predChromaVal = ¢oC + ;N + €8 + E + ¢4W +
csP o+ cgNW + o NE + c3SW + co8E+ coN2 + ¢1182 + ¢2E2 + cisW2 + ¢4B, wherein
predChromaVal represents a chroma sample to be predicted, C represents a luma sample at the
center position, N represents a luma sample at the north posttion, S represents a luma sample at
the south position, E represents a luma sample at the east position, W represents a luma sample
at the west position, NW represents 3 fuma sample at the north west position, NE represents a
tuma sample at the north east position, SW represents a luma sample at the south west position,
SE represents a luma sample at the south east position, N2, 82, E2 and W2 represent lurna
samples at non-adjacent positions to the center position, respectively, P and B represents
nonlinear term and bias term, respectively, ¢, €1, €2, €3, C4, €5, €6, €7, Cs, Co, Cig, Ci1, Cig, €13 and

Ci4 tepresent parameters.

9. The method of claim &, wherein P=C? and/or B=1<<(bitdepth-1).

10. The method of claim 1, wherein if one or more luma samples are unavailable,

padding is used to obtain the set of additional luma samples.

11. The method of claim 1, wherein a function with at least one input as an additional

luma sample is involved n the CCP model.

12. The method of claira 11, wherein the function 1s a denvation of a gradient,

13. The method of claim 1, wherein the set of luma samples and the set of additional
tuma samples are obtained with down-sampling approaches same as those used in one of cross-
component linear model (CCLM), convolutional cross-component model (CCCM), gradient

finear model (GLM}, or CCCM using multiple downsampling filters (MF-CCCM).
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14. The method of claim 1, wherein the set of luma samples and the set of additional

o0

CCLM, CCCM, GLM, or ME-CCCM.

15, The method of claim 1, wherein in response to the video unit is coded with a first
target coding mode, the set of luma samples and the set of additional luma samples are apphied

inn the CCP model.

16. The method of claim 15, wherein the first target coding mode is an extended CCCM

{extCCCM) mode.

17. The method of claim 15, wherein the first target coding mode has variants 1 a same

way of CCCM.

18 The method of claim 17, wherein the variants of the first target coding mode
comprise at least one of nwltiple model- extCCCM (MM-extCCCM), extCCCM-left
{extCCCM-L), extCCCM-top (extCCCM-T), MM-~extCCCM-L, or MM-extCCCM-T.

19. The method of claim 15, wherein the first target coding mode and variaots of the

first target coding mode replace an exiting mode.

20. The method of claim 19

variants of the CCCM.

wherein the existing mode comprises CCCM and/or

2

21. The method of claim 15, wherein the first target coding mode is used as an additional

maode.

22 The method of claim 15, wherein whether to and/or how to use the first target coding

mode depend on coding information of a current block.

23. The method of claim 22, wherein the coding information comprises at least one of!
a mode of the current block,

a mode of a neighbouring block,



(¥4

10

98]
<

WO 2025/010276 PCT/US2024/036573

a mode of a luma block in a collocated region of the current block,

a mode of a lurma block in a collocated region of a neighbouring block,
quantization parameter {QP),

slice type,

picture type,

block width,

block height,

position of the current block, or

reconstructed samples.

24. The method of claim 23, wherein the first target coding mode 1s not applicable, if a
gradient and location based convolutional cross-component model (GL-CCCM) 15 applied,
and/or

wherein the first target coding mode is not applicable, if unsampling CCCM 1s applied,
and/or

wherein the first target coding mode is not applicable, if MF-CCUCM is applied, and/or

wherein the first target coding mode is not applicable, if inside filtering is applied, and/or

wherein the first target coding mode s applicable only for the first target coding mode
not variants of the first target coding mode, and/or

wherein the first target coding mode 15 applicable only for the first target coding mode

and MM-extCCOCM but not other variants of the first target coding mode.

25. The method of claim 23, wherein the first target coding mode is not applicable if
W<T1 and/or H<TZ, or

wherein the first target coding mode is not applicable, if W+ H<T, or

wherein the first target coding mode is not applicable if W* H<T, or

wherein the first target coding mode 1s not applicable iff W>T1 and/or H>T2, or

wherein the first target coding mode is not applicable it W+ H>T, or

wherein the first target coding roode is not applicable it W* H>T, and

wherein W represents the block width, H represents the block height, T1, T2 and T

represent thresholds, respectively.

26. The method of claim 15, wherein a flag is signaled to indicate whether the first target

coding mode and/or a variant of the first target coding mode s applied.
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27. The method of claim 26, wherein the tlag is signalied based on a condition.

28. The method of claim 26, wherein the flag is signalled, if another flag indicating

CCCM mode is true.

29. The method of claim 26, wherein the flag is not signalled, if CCP merge mode is

applied.

30. The method of claim 26, wherein the flag is signaled | if the first target coding mode

is applicable.

31. The method of claim 26, wherein whether the first target coding mode or the variant

of the first target coding mode 1s applied depends on signaled mode.

32 The method of claim 31, wherein if the signaled mode is CCLM, a flag indicating

CCCM mode and the flag are both true, a current block uses the first target coding mode.

33. The method of claim 31, wherein if the signaled mode is MM-CCLM, 2z flag
indicating CCCM mode and the flag are both true are both true, a current block uses MM-

extCCCM mode.

34. The method of claim 31, wherein if the signaled mode is CCLM-T, a flag indicating

CCCM mode and the flag are both true, a current block uses extCCCM -T mode.

35. The method of claim 31, wherein if the signaled mode is MM-CCLM-T, a flag

indicating CCCM mode aund the flag are both true, a current block uses MM-extCCCM-T mode.

36 The method of claim 31, wherein if the signaled mode is CCLM-L, a flag indicating

CCCM mode and the flag are both true, a current block uses extCCCM-T mode.

g nny
37

. The method of claim 31, wherein if the signaled mode 1s MM-CCLM-L, a flag

indicating CCCM mode and the tlag are both true, a current block uses MM-extCCCM-T mode.
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38. The method of claim 15, wherein the first target coding mode is used with merge

CCP mode.

39 The method of claim 38, wherein the first target coding mode is regarded as a new

< type in merge CCP mode.

40. The method of claim 38, wherein information and/or parameters of the first target
coding mode are stored in blocks.
10 41. The method of claim 38, wherein information and/or parameters of the first target

coding mode are stored in a history table.

42. The method of claim 38, wherein stored information and/or parameters of the first

target coding mode are used to generate a candidate in a merge CUP candidate list.

43, The method of claim 38, wherein a candidate with a type of the first target coding

mode is involved in a candidate list reordering process.

44. The method of claim 38, wherein a candidate with a type of the first target coding

20 mode is involved in a candidate list Pruning process.

45. The method of claim 38, wherein a candidate with a type of the first target coding

mode is involved in a candidate list offset updating process.

<2 46. The method of claim 38, wherein if a candidate with a type of the first target coding
mode is selected, the first target coding mode is used for the current block which is instructed
by parameters of the candidate.

47. The method of claim 1S

wherein a training process which is same as CCCM 1s

30 applied to derive parameters of the first target coding mode, but the training process is with

different number of parameters.

48. The method of claim 47, wherein a region of chroma reconstructed samples and

corresponding tuma reconstructed samples of the chroma reconstructed samples used by the
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first target coding mode or a variant of the first target coding mode is the same to that of CCCM

or a variant of CCCM.

49. The method of claim 47, wherein a region of chroma recounstructed samples and
corresponding luma reconstructed samples of the chroma reconstructed samples used by the
first target coding mode or a variant of the first target coding mode 1s different from that of

CCCM or g variant of CCCM.

50. The method of claim 1, wherein the set of reconsiructed chroma samples and/or the
set of predicted chroma samples are at least one of’

the target position,

an above position relative 10 a target position of a chroma sample 1o be predicied,

a left position relative to the target position,

a left-above position relative 1o the target position,

a right-above position relative to the target position, or

a left-bottom position relative to the target position.

51. The method of claum 50, wherein predChromaVal{X) = ¢ + &N + &8 + o3E +
C4W + CsP ++ ¢l + ©7Y + ¢ + CoR+ ¢3¢y B, wherein predChromaVal(X} represents the
chroma sample to be predicied, C represents a luma sample at a position corresponding to the
target position, N represents a luma sample at the north position, S represents a luma sample at
the south position, E represents a luma sample at the east position, W represents a luma sample
at the west position, L represents a chroma sample at the left-above position, Y represents a
chroma sample at the above position, Z represents a chroma sample at the left position, R
represents a chroma sample at the right-above posttion,  represents a chroma sample at the
left-bottom position position, P and B represents nonlinear term and bias term, respectively, co,

1, €7, €3, 4, €3, Cs, €7, Ca, o, C1o and ¢1; represent parameters,

L
N2

. The method of claim 51, wherein P=C? and/or B=1<<(bitdepth-1}.

53. The method of claim 50, wherein predChromaVal{X) = ¢oC + oiN + 08 + 38 +
C4W + ¢osP + csll + ¢rY + cef + coBB, wheretn predChromaVal{X) represents the chroma sample
to be predicted, C represents a luma sample at a position corresponding to the target position,

N represents a luma sample at the north position, S represents a luma sample at the south
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position, E represents a luma sample at the east position, W represents a luma sample at the
west position, L represents a chroma sample at the lefi-above position, Y represents a chroma
sample at the above position, 7 represents a chroma sample at the left position, P and B
represents nonlinear term and bias term, respectively, ¢g, €1, €2, €3, €4, €5, Cs, €7, Cg, and ¢

represent parameters.

54 The method of claim 53, wherein P=C? and/or B=1<<{(bitdepth-1).

55. The method of claim 1, wherein if one or more chroma samples are unavailable,
padding is used to obtain the set of reconstructed chroma samples and/or the set of predicted

chroma samples.

56. The method of claim 1, wherein a function with at least one input as an additional

chroma sample is involved 1n the CCP model.

57 The method of claim 56, wherein the function is a derivation of a gradient, or

wherein the function is a non-linear operation.

58 The method of claim 1, wherein the set of luma samples are obtained with down-
saropling approaches same as those used in one of! cross-component hnear model (CCLM),
convolutional cross-component model {CCCM), gradient linear model (GLM)}, or CCCM using

multiple downsampling filters (MF-CCCM).

59 The method of claim 1, wherein the set of luma samples are obtained with down-

sampling approaches different from those used in one of. CCLM, CCCM, GEM, or ME-CCCM,

60. The method of claira 1, wherein 1o respouse to the video unit 1s coded with a second
target coding mode, the set of reconstructed chroma samples and/or the set of predicted chroma

saroplesare applied 1o the CCP roodel.

61. The method of claim 60, wherein the second target coding mode is a mix CCCM

{mixCCCM) mode.
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62. The method of claim 60, wherein the second target coding mode has variants is a

samne way of CCCM.

63. The method of claim 62, wherein the variants of the second target coding mode
comprise at least ove of multiple model-mixCCCM  (MM-roixCCCM), mixCCCM-left
{mixCCCM-L}, mixCCCM-top (mixCCCM-T), MM- mixCCCM-L, or MM- mixCCCM-T.

64. The method of claim 60, wherein the second target coding mode and variants of the
second target coding mode replace an exiting mode.
65, The method of claim 64

wherein the existing mode comprises CCCM and/or

2

varianis of the CCCM.

66. The method of claim 60, wherein the second target coding mode is used as an

additional mode.

67. The method of claim 60, wherein whether to and/or how to use the second target

coding mode depend on coding information of a current block.

68. The method of clairn 67, wherein the coding information comprises at least one of!
a mode of the current block,

a mode of a neighbouring block,

a mode of a luma block in a collocated region of the current block,

a mode of a lurma block in a collocated region of a neighbouring block,

QPp,
slice type,

picture type,

block width,

block height,

position of the current block, or

reconstructed samples.
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69. The method of claim 68, wherein the second target coding mode is not applicable,
if a gradient and location based convolutional cross-component model {GL-CCCM) 15 applied,
and/or

wherein the second target coding mode is not applicable, it unsampling CCCM s
apphied, and/or

wherein the second target coding mode is not applicable, if MF-CCCM 1s applied,
and/or

wherein the second target coding mode is not applicable, if inside filtering is applied,
and/or

wherein the second target coding mode is applicable only for the second target coding
mode not variants of the second target coding mode, and/or

whergin the second target coding mode 18 applicable only for the second target coding

mode and MM-mixCCCM but not other variants of the second target coding mode.

70. The method of claim 68, wherein the second target coding mode 1s not applicabie if
W<TT and/or H<T2, or

wherein the second target coding mode is not applicable, if W+ H<T, or

wherein the second target coding mode is not applicable ff W* H<T, or

wherein the second target coding mode is not applicable if W>T1 and/or H>T2, or

wherein the second target coding mode s not apphicable if W+ H>T, ot

wherein the second target coding mode s not applicable if W* H>T, and

wherein W represents the block width, H represents the block height, T, T2, and T

represent thresholds, respectively.

71. The method of claim 68, wherein the second target coding mode s not applicable,

if posX == 0 or posY == 0, wherein a top-left position of the current block is {(posX, posY).

72. The method of claim 60, wherein a flag is signaled to indicate whether the second

target coding mode and/or a variant of the second target coding mode 1s applied.

73. The method of claim 72, wherein the flag is signalled based on a condition.

74 The method of claim 72, wherein the flag 1s signalled, it another flag indicating

CCCM mode is true.
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75. The method of claim 72, wherein the flag is not signalied, if CCP merge mode is

applied.

76. The method of claim 72, wherein the flag is signaled | if the second target coding

mode is applicable.

77. The method of claim 72, wherein whether the second target coding mode or the

variant of the second target coding mode 1s applied depends on signaled mode.

78 The method of claim 77, wherein if the signaled mode 1s CCLM, a flag indicating
CCCM mode and the flag are both true, a current block uses the second target coding mode.
79. The method of claim 77, wherein if the signaled mode s MM-CCLM, a flag

indicating CCCM mode and the tlag are both true are both true, a current block uses MM-

mixCCCM mode.

80. The method of claim 77, wherein if the signaled mode 1s CCLM-T, a flag indicating

CCCM mode and the flag are both true, a current block uses mixCCCM-T mode.

81. The method of claim 77, wheretn it the signaled mode 1s MM-CCLM-T, a flag

indicating CCCM mode and the flag are both true, a current block uses MM-mixCCCM-T mode.

82. The method of claim 77, wherein if the signaled mode 1s CCLM-L, a flag indicating

CCCM mode and the flag are both true, a current block uses mixCCCM-T mode.

83. The method of claim 77, wherein if the signaled mode 13 MM-CCLM-L, a flag

indicating CCCM mode and the flag are both true, a current block uses MM-mixCCCM-T mode.

84. The method of claim 60, wherein the second target coding mode is used with merge

CCP mode.

85 The method of claim 84, wherein the second target coding mode is regarded as a

new type in merge CCP mode.
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86. The method of claim 84, wherein information and/or parameters of the second target

coding mode are stored in blocks.

87. The wethod of claum 84, wherein iformation and/or parameters of the second target

coding mode are stored in a history table.

88 The method of claim 84, wherein stored information and/or parameters of the second

target coding mode are used to generate a candidate in a merge CCP candidate list,

89 The method of claim 84, wherein a candidate with a type of the second target coding

mode is involved in a candidate list reordering process.

90. The method of claim 84, wherein a candidate with a type of the second target coding

mode 18 involved in a candidate list pruning process.

©1. The method of claim 84, wherein a candidate with a type of the second target coding

mode is involved 1o a candidate list offset updating process.

92. The method of claim 84, wherein if a candidate with a type of the second target
coding mode 1s selected, the second target coding mode is used for the current block which is

instructed by parameters of the candidate.

93 The method of claim 60, wherein a training process which is same as CCCM is
applied to derive parameters of the second target coding mode, but the training process 1s with

different number of parameters.

94 The method of claim 93, wherein a region of chroma reconstructed samples and
corresponding fuma reconstructed samples of the chroma reconstructed samples used by the
second target coding mode or a variant of the second target coding mode is the same to that of

CCCM or a variant of CCCM.

95 The method of claim 93, wherein a region of chroma reconstructed samples and

corresponding tuma reconstructed samples of the chroma reconstructed samples used by the
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second target coding mode or a variant of the second target coding mode is different from that

of CCCM or a variant of CCCM.

96. The method of claim 95, wherein the region of chroma reconstructed samples and
the corresponding luma reconstructed samples used by the second target coding mode or the
variant of the second target coding mode is smaller than that of CCCM or the variant of CCCM,

wherein a top row and left~-most column involved 1n the CCCM training process are excluded.

97. The method of claim 93, wherein in the training process of the second target coding

mode, a reconstructed sample is used as an input value, but not used as a target value.

9¢. The method of claim 97, wherein a recounstructed chroma sample at the left-above
position, a reconstructed chroma sample at the above position, and a reconstructed chroma
sample at the left position are used input values of the target value but not used as target values

in the training process.

99 The method of claim 93, wherein in the training process of the second target coding

mode, a reconstructed saraple 15 used as an input value and also used as a target value.

100, The method of claim 99, wherein a reconsiructed chroma sarple at the left-above
position, a reconstructed chroma sample at the above position, and a recounstructed chroma
sample at the left position are used input values of the target value and used as target values in

the {raiming process.

101. The method of claim 60, wherein if the second target coding tool is apphied to
predict a chroma sample, a chroma sample input to the CCP model at a specific position is a

reconstructed sample or prediction sample.

102. The method of claim 101, wherein if the specific position 15 out of a current block,

the reconstructed sample is input.

103. The method of clatm 101, wherein if the specific position is in a current block, the

prediction sample is input.
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104, The method of claim 103, wherein a prediction sample of a position is obtained by

using a nuxCCCM model on the position to get the prediction value.

10S. The method of claim 101, wheretn a chroma sample at the lefi-above position, a
chroma sample at the above position, and a chroma sample at the left position are used as input
values to predict the chroma sample, and

wherein the chroma sample at the left-above position, the chroma sample at the above
position, and the chroma sample at the left position are all reconstructed samples, or

wherein the chroma sample at the left-above position and the chroma sarmple at the
above position are reconstructed samples, and the chroma sample at the left position is a
prediction sample, or

whergin he chroma sample at the left-above position, the chroma sample at the above

position, and the chroma sample at the left position are all prediction samples.

106. The method of any of claims 1-10S, wherein a plurality of extended CCCM modes

are applied.

107, The method of claim 106, wherein the first target coding mode and the second

target coding made coexist,

108. The method of claim 106, wherein a first flag is signaled to indicate whether a kind

of extended CCCM mode is applied.

109, The method of claim 108, wherein the first Hlag 1s signaled based on a condition.

110. The method of claim 109, wherein the first flag is singaled if a flag indicating

CCCM mode is true.

111 The method of claim 109, wherein the first flag 15 not signalled, if CCP merge
s & D E &

mode is applied.

112, The method of claum 109, wherein the first flag is signaled, if a kind of extended

CCCM mode 1s applicable.
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113. The method of claim 106, wherein a second syntax element is signaled to indicate
, 3 g2

which kind of extended CCCM mode 13 applied.

114. The method of clairn 113, wherein the second syntax element is signalled based on

a condition.

115, The method of claim 114, wherein the second syntax element is signalled, 1f a first

flag indicating whether the kind of extended CCCM mode is applied is true.

116. The method of any of claims 1-115, wherein an indication of whether to and/or
how to apply at least one of the followings in the CCP model: the set of luma samples, the set
of additional luma samples, the set of reconstructed chroma samples or the set of predicted
chroma samples is indicated at one of the followings:

sequence level,

group of pictures level,

picture level,

slice level, or

tile group level.

117. The roethod of any of claims 1-115, wherein an indication of whether to and/or
how to apply at least oue of the followings 1o the CCP model: the set of luma samples, the set
of additional luma samples, the set of reconstructed chroma samples or the set of predicted
chroma samples is indicated in one of the following:

a sequence header,

a picture header,

a sequence parameter set (SPS),

a video parameter set {VPS),

a dependency parameter set {DPS),

a decoding capability information (DCE,

a picture parameter set (PPS),

an adaptation parameter sets {APS),

a slice header, or

a tile group header.
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118. The method of any of claims 1-115, wherein an indication of whether to and/or
how to apply at least one of the followings in the CCP model: the set of luma samples, the set
of additional luma samples, the set of reconstructed chroma samples or the set of predicted
chroma samples 1s included in one of the following:

a prediction block (PB),

a transform block {TB),

a coding block (CB),

a prediction unit (PU},

a transform unit (TU),

a coding unit (CU},

a coding tree block (CTB), or

a coding tree unit {CTU).

119, The method of any of claims 1-115, further comprising;

determining, based on coded information of the video unit, whether and/or how to
determine apply at least one of the followings in the CCP model: the set of luma samples, the
set of additional luma samples, the set of reconstructed chroma samples or the set of predicted
chroma samples, the coded information including at least one of.

a block size,

a colour format,

a single and/or dual tree partitioning,

a colour component,

a slice type, or

a picture type.

120, The method of any of claims 1-119, wherein a syntax element (SE) is binarized as
one of a flag, a fixed length code, an EG{x) code, a unary code, a truncated unary code, or a

truncated binary code.

121, The method of claim 120, wherein the SE 1s signed or unsigned.

122, The method of any of claims 1-121, wherein the SE is coded with at least one

context model, or

whergin the SE is bypass coded.
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123, The method of any of claims 1-121, wherein the SE is signaled in a conditional

way.

124, The method of claim 123, wherein the SE is signaled only if a corresponding
function is applicable, or

wherein the SE is signaled only if dimensions of the video uuit satisty a condition.

125, The method of any of claims 1-124, wherein the SE 13 indicated at one of the
followings:

sequence level,

group of pictures level,

picture level,

slice level, or

tile group level.

126. The method of any of claims 1-124, wherein the SE is indicated at one of the
followings:

a prediction block {(PB),

a transform block (TB),

a coding block {CB},

a prediction unit (PU},

a transform unit {TU),

a coding unit ({CU},

a coding tree block (CTB}, or

a coding tree unit {CTUY.

127. The method of any of claims 1-126, wherein the video unit is applied with other

coding tools which require chroma fusion.

128. The method of any of claims 1-127, wherein the conversion includes encoding

the video unit into the biistream.
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129. The method of any of claims 1-127, wherein the conversion includes decoding

the video unit from the bitstream.

130, An apparatus for video processing comprising a processor and a non-transitory
memory with instructions thereon, wherein the wstructions upon execution by the processor,

cause the processor to perform a method in accordance with any of claims 1-129.

131. A non-transitory computer-readable storage medium storing instructions that

cause a processor to perform a method in accordance with any of claims 1-129.

132, A non-transitory computer-readable recording medium storing a bitstream of a
video which 1s generated by a method performed by an apparatus for video processing,
wherein the method comprises:

applying at least one of the followings 1n a cross-component prediction {(CCP) model: a
set of luma samples, a set of additional luma samples, a set of reconstructed chroma samples,
or a set of predicted chroma samples;

determining a prediction or reconstruction of a video unit of the video by applying the
CCP model 1o the video unit; and

generating the bitstream based on the prediction or reconstruction.

133. A method for storing a bitstream of a video, comprising:

applying at least one of the followings 1n a cross-component prediction (CCP) model: a
set of luma samples, a set of additional tuma samples, a set of reconstructed chroma samples,
or a set of predicted chroma samples;

determining a prediction or reconstruction of a video unit of the video by applying the
CCP model to the video unit;

generating the bitstream based oun the prediction or reconsiruction, and

storing the bitstream in a non-transitory computer-readable recording medium.

N2
S}



PCT/US2024/036573

WO 2025/010276

PRAWINGS

14
FOVAHALN] Off

;

74
H#40004d
CHaA

‘

4
40IA3d
AV 18I

0ct
FOIAS0 NOILYNILSED

314

YOul
AHOMLEN

g0t

gi7
VAN OA

!

viT
SEILGOE!
O4diA

]

{ uanuasmnaan
\_ FOVH0ls /

[
JOUN0S G3AIA

s
JOIAZA 2280085

ﬁ/...aﬁ

1/45



PCT/US2024/036573

WO 2025/010276

T8
N s —
TTZ LINN
i i
m HOASNYYL F—E) e
| ISHIAN] s |
} £
| 212 |
i i
| |
m 0T LINN e e e e o e e o e e e e e e e - w
m NOLLYZIINVND faar— N
| EE oo L) memn
i h 1 Rty LOTIBIAON |1 | |
m Aslll.llll..m mwm _
i [N L B
| | NOLLYSNIAINOD | | w
} \
| e | NOLLOW =
i — conesesee i
- - oNOONT B0Z LINN | FOC LIND L
TRECTCITCIEN Revgyes NOLLYZLINVND | NOILYINILST e ]
03000N | ; AT NOILLOW ]
| | NOLLYOIGZHd L
[ e e T s e e e e e e e e oo e e e e e m m
m ! i |
| AT ey T2 LNn |, w
i AHOSNYYL % NOILLLYYd | VIva
| | OFAIA
| £02 w

2/45



PCT/US2024/036573

WO 2025/010276

i |
e e e e e e e e e e e e e e e e e e e e e e
m |
| |
| SOE LiNN FOE LINN |
| s WHOASNYYL e NOLLYZLINYND |
| ISHIANI ISUTANI |
7.3 !
I e e o o o e - i
coccascon I
| (T €08 LNN | |
| |1 NOUYOIOEd | | e |
. L M| RN ONIGOD30 [
VIVQO3aA || ¥3dd4nd L | | YIYLSLE
kvl i} WELND | AdOMINT | oo
| | |NOILYSNINOD | | |
| 90¢ | NOUOW 11 |
| | |
m i
i
I f
I f
I I
I I
i I
m !

3/45



WO 2025/010276 PCT/US2024/036573

X X X
X X X
X X X
X X
X X X

X X

Fig. 4

4/45



PCT/US2024/036573

WO 2025/010276

oo o 2 .ttt e 0 25 5 5 2 3 A1y »
;
§
H
H
3
3
: OVS
:
3
H
W w
: ¥344n9 FUNLOI
; 4d IONIHITH
3
W \
1
;
: OF e U S o3
3 3
b o | S S
LB “ P D= T
ONIGDD | o o
Adowing " ° . ) .
; ] NOUOIGENd |
L NN 2111

5/45



PCT/US2024/036573

WO 2025/010276

..}
5
gt

Planar
DC

-
-

G

*
x

H

Fig. 6

6/45



WO 2025/010276 PCT/US2024/036573

DIAG.MODE W1
.
L " MODE 66
\\\ ”.r '\_\
2H+1 j
e~ TRNGE OF INTRA
PREDICTON
wwwww ODE2” ANGLE
Ay 45DEG
DIAG.MODE I+ )
% 45DEG
i\ 10DE 86
\
\
N ~
N % /,
TH+1 \\ v

RANGE OF INTRA
./ PREDICTON
NS ANGLE

~
e

Fig. 7

7/45



PCT/US2024/036573

WO 2025/010276

g2

8/45



WO 2025/010276 PCT/US2024/036573

REC,

2
¥

2
¥

N 2N

9/45



WO 2025/010276 PCT/US2024/036573

THRESHOLD=17

10/45



WO 2025/010276 PCT/US2024/036573

R S
SRS W
X : &

,y

, Pred(x.y'

Reference samples

Fig. 11A

11/45



WO 2025/010276 PCT/US2024/036573

o
o
7
b
Qi;_

Fig. 11B

12/45



WO 2025/010276 PCT/US2024/036573

§ 4

s ;
-1~} :
R W,

Fig. 11C

13/45



WO 2025/010276 PCT/US2024/036573

Fig. 11D

14/45



WO 2025/010276 PCT/US2024/036573

&3
poond
B0
o
-
§
L3
...g,..
Py
N
-
o
-
Eh
L2
-+
-
e
S

r(-1.y)

15/45



PCT/US2024/036573

}

by
R

fogdi{nTh

WO 2025/010276

Fig. 13
16/45

%

R R R R R R S R R LR RS
N\\\Qﬁuﬁﬁiiigﬁzzﬁzz23322222222222?&2
DO T O D D et et e e e e g N e e N TN N N e 2 N BN e g I BN £
Do I D D O D D D e et e e et vl g N e o NN 0 N
You T e i el et el e (3 DD D e e e el el O 0 N N 6
7 m.mu rﬂ@ﬂw%wﬁ Qm ?m ﬁthQﬁh £ .ﬁﬁ w.\“.\.““ g ﬁ.\m w.\“.\.““ ﬁwﬁﬁ@ﬁﬁiii?m £ N
I B

B

e

z =



PCT/US2024/036573

WO 2025/010276

AR

d00d Addy

{PED)

Addy

dOd Addy 490d
& I

s
SN U 88 HO JOH

3

< 40> 9eosN

aryy

Jd00d ON

A

{pead)
d00d Alddy
.

5

17/45



WO 2025/010276 PCT/US2024/036573

18/45



WO 2025/010276

PCT/US2024/036573

\\\““\

N

3 3
N 3
&
A

g

-
& S\
O )
N N

N

&
; §
NS EINRED B {5523
Gl K A
S e Aty

o PR
< s

19/45

Fig. 16



WO 2025/010276 PCT/US2024/036573

N

Segmant B Segmant £
RN

‘Refersnce fine 3
Refergnce line 2
Segment C Reference fine 1
Reference fine ¢
Biock Ung
Segment B
Segment A

Fig. 17

20/45



WO 2025/010276 PCT/US2024/036573

Ond
T
A

S
N

W/2

Horizontal .
Vertical
Fig. 18A

W
Original HxW
partition

AN
N

21/45



PCT/US2024/036573

WO 2025/010276

A

481 814
YIM

, [BJILIBA | uonned

) | MXH euibuo
P,

H
A4
¢ >
I
~ [BUOZUOH M

22/45



PCT/US2024/036573

WO 2025/010276

NOILYIOGHYZINIE

61 Big

Mmmm&%

KRR

2
¥ %mnﬁmwm NM

NOUYOTdILING
HOLOIAXIHIVIHC

Figpg

dop .Awm.mv ﬁ

ONIDVHIAY'L

23/45



WO 2025/010276 PCT/US2024/036573

el Reconstructed samples

Not reconstructed samples

1 Template

Reference of template

Fig. 20

24/45



WO 2025/010276

Parsing
phase

Reconstruction
phase

PCT/US2024/036573

§
i

Prapsas
AN

- Prodion wi
B

R

&
o
R
B

{

B :}

25/45



PCT/US2024/036573

WO 2025/010276

77914

d

P

A

{wdr)dure

o | moaNIm
W08 H3HL0 | SO0E PX

AMOGNIM

motTEA O
o G
AVHD

YIHY 3V IvAYND ]
YINY GAMLsNODaY B
MIOTE INTHHND

VY 218V IIVAYND

S I RSl

26/45



PCT/US2024/036573

WO 2025/010276

£7 814
Poid X IR O oy
3204
Ew.ﬁmﬁ ]
) % SpY qum
PIpakd
Sppa g
) e
o ilames
|
Err & Im
59 _ g
S
§

Mm. %ﬁw mawgﬁ&sm 1 M@w e » 9

(T 1w 4
{8y pdwn4-{ Lpy i dusw 3 24
(i ydwm £

Y

", & ", E

(wd;}gdwe

sjensd soumiaay

27/45



WO 2025/010276

PCT/US2024/036573

TN

28/45

| REFERENCE AREA

HHE

4 BLUE



WO 2025/010276 PCT/US2024/036573

Fig. 27

29/45



WO 2025/010276 PCT/US2024/036573

30/45



PCT/US2024/036573

WO 2025/010276

X Tapow paid Bl

g gepow paad enu

XPI SPOU UL R

{

®p1 pues wdds

}
{ ey wdds no Iy

67 B

{
xpr pepoul pasd By
Xpr pepoul pasd el

Xpi spowl usiinied

}

{ ey widds no

- paud esy

@
4
)
=
o
S
&
"5
Do
%
&

gepow

Tpaid ey

31/45



WO 2025/010276 PCT/US2024/036573

template Template size

Current block

Template size

32/45



WO 2025/010276 PCT/US2024/036573

P
et

Fig. 31

33/45



WO 2025/010276 PCT/US2024/036573

CONTEXT 0
RN
CONTEXT 1
oo o /N
MM-CCLM  BYPASS CODING

CCLM-L BYPASS CODING

COLM-T BYFPASS CODING

MM-COLM- L MV-COLMT

Fig, 32

34/45



WO 2025/010276 PCT/US2024/036573

Fig. 33

35/45



WO 2025/010276

iy T ) ey
“'ﬁ.‘“ 3 “'ﬁ.‘“ %,
%.‘t"% %.‘t"'%. h S ™,
e S ot 7 s,
"*u“"““. o,
"'ﬁ.‘" ", o, e,

5 o
‘n‘"‘" % ‘n‘"‘" N
Ve, b, e, o,

G, S,
e s

5, a, 5,

L ,
Ve, b, e,

LN S,

L ,
- e,

L
o,

Y
Ve,

Y

PCT/US2024/036573

¢an

Potential
didate region

36/45



WO 2025/010276 PCT/US2024/036573
H G G2 G3
11211 10 | 119 11119

f@\ fé\ fé\ fé\
11 271 101 ] 2 21 Y 1

37/45




WO 2025/010276

PCT/US2024/036573

Chroma

Fig. 39

38/45

NWZ NNW N2 NNE NEZ
NWW NW N NE NEE

W2 W C £ EZ
SWW SW S SE SEE
SW2 SS5W 52 SSE SE2

Fig, 38
L Y R N
----------- ) E

\Cmrespending Positions
"W

Luma



WO 2025/010276

PCT/US2024/036573

W

P

Chroma

39/45

\Carresmndmg Positions
-W

Luma



WO 2025/010276 PCT/US2024/036573

410 shaded ragion

420 grey regionnot
shaded

430 white region

Fig. 41

40/45



WO 2025/010276 PCT/US2024/036573

41{ shaded region

RN
x:i\\

428 grey regionnot
shaded

430 white region

41/45



WO 2025/010276 PCT/US2024/036573

410 shaded region

420 grey regionnot
shaded

430 white region

Fig. 43

4410 shaded region

"7 420grey
.14 regionnot shaded

430 white region

Fig. 44

42/45



WO 2025/010276

Fig. 45

Fig. 46

43/45

PCT/US2024/036573

410 shaded region

gy g S 8.4

el -4-;2--@- grey
201 regionnot shaded

430 white ragion

410 shaded region
420 grey
regionnot shaded

D 430 white region



WO 2025/010276 PCT/US2024/036573

4700
/""r"

APPLY AT LEAST ONE OF THE FOLLOWINGS IN A CROSS-COMPONENT
PREDICTION (COPY MODEL: A SET OF LUMA SAMPLES, A SET OF
ADDITIONAL LUMA SAMPLES, A SET OF RECONSTRUCTED CHROMA
SAMPLES, OR A SETOF PREDICTED CHROMA SAMPLES

i el 4720

DETERMINE APREDICTION OR RECONSTRUCTION OF THE VIDEO
UNIT BY APPLYING THE CROSS-COMPONENT PREDICTION MODEL

i // 4730

PERFORM BASED ON THE PREDICTION OR RECONSTRUCTION

Fig.47

44/45



WO 2025/010276 PCT/US2024/036573

PROCES&NGiﬂﬁTémASKE STORAGE UNIT 148301

COMMUNICATION

!
4840

MEMORY | a0 UNIT |
4850

f VIDEO CODING !

U : g
MODBE Ll OUTPUT DEVICE |-4860
s

|
|
|
|
|
|
|
| 4825 e INPUTDEVICE 2757 4a7g
|
|
|
|
|

4880

Fig. 48

45/45



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - claims
	Page 116 - claims
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - claims
	Page 121 - claims
	Page 122 - claims
	Page 123 - claims
	Page 124 - claims
	Page 125 - claims
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings
	Page 156 - drawings
	Page 157 - drawings
	Page 158 - drawings
	Page 159 - drawings
	Page 160 - drawings
	Page 161 - drawings
	Page 162 - drawings
	Page 163 - drawings
	Page 164 - drawings
	Page 165 - drawings
	Page 166 - drawings
	Page 167 - drawings
	Page 168 - drawings
	Page 169 - drawings
	Page 170 - drawings

