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PULSE CODE MODULATION TECHNIQUE IN VIDEO PROCESSING

CROSS-REFERENCE TO RELATED APPLICATION
[001]  Under the applicable patent law and/or rules pursuant to the Paris Convention, this
application is made to timely claim the priority to and benefit of International Patent Application
No. PCT/CN2018/116885, filed on November 22, 2018. For all purposes under the U.S. law, the
entire disclosure of the aforementioned application is incorporated by reference as part of the

disclosure of this application.

TECHNICAL FIELD

[002]  This patent document relates to image and video coding and decoding.

BACKGROUND
[003] Digital video accounts for the largest bandwidth use on the internet and other digital
communication networks. As the number of connected user devices capable of receiving and
displaying video increases, it is expected that the bandwidth demand for digital video usage will

continue to grow.

SUMMARY
[004] The disclosed techniques may be used by video decoder or encoder embodiments
during video decoding or encoding using intra prediction coding of video and images in which
multiple reference lines are used.
[005] In one example embodiment, a method of video processing is disclosed. The method
includes determining, for a current block of video, that at least one of a first coding mode in
which pulse code modulation (PCM) is used or a second coding mode in which multiple
reference line based intra prediction (MRLIP) is used is enabled; and performing, based on the
first coding mode or the second coding mode, a conversion between the current block and a
bitstream representation of the video, wherein a first indication indicative of use of the first
coding mode and/or a second indication indicative of use of the second coding mode are

included in the bitstream representation according to an ordering rule.
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[006] In another example embodiment, a method of video processing is disclosed. The
method includes determining, for a conversion between a current block of video and a bitstream
representation of the video, based on a color component representation of the video, at least one
flag associated with a coding mode based on a pulse code modulation of the current block; and
performing, based on the determining, the conversion.

[007] In yet another example embodiment, a method of video processing is disclosed. The
method includes performing a conversion between a current block of a video region of a video
and a bitstream representation of the video, wherein the bitstream representation is formatted
according to a rule regarding an applicability of a pulse code modulation (PCM) to the current
block, and wherein the rule specifies to omit an indication of the PCM at a current block level
upon a determination that an indication of disabling the PCM is included at a video region level.
[008] In yet another example embodiment, a method of video processing is disclosed. The
method includes making a decision, based on a size of a current block of video, regarding
enabling a pulse code modulation (PCM) coding mode for the current block; and performing,
based on the decision, a conversion between the current block and a bitstream representation of
the video.

[009] In yet another example embodiment, a method of video processing is disclosed. The
method includes determining, for a conversion between a current block of a video and a
bitstream representation of the video, a minimum allowed value for a height or a width of the
current block, wherein the minimum allowed value for the height is signaled or derived
separately from the minimum allowed value for the width; and performing, based on the
determining, the conversion.

[0010] In yet another example embodiment, a method of video processing is disclosed. The
method includes configuring, upon a determination that an indication of a current block of video
being coded with a pulse code modulation (PCM) coding mode is signaled in a bitstream
representation of the video, a color component representation of the video; and performing,
based on the configuring, a conversion between the current block and the bitstream
representation.

[0011] In yet another example embodiment, a method of video processing is disclosed. The

method includes determining, for a conversion between a current block of video and a bitstream
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representation of the video, that a wide angular mode is disabled for the conversion due to use of
a non-adjacent reference line mode for the conversion; and performing, based on the
determining, the conversion, wherein the non-adjacent reference line mode uses non-adjacent
pixels from a reference line of the video for the conversion of the current block, and wherein the
wide angular mode comprises an intra prediction direction beyond the 45 degree to -135 degree
conventional angular intra prediction direction.

[0012] In yet another example embodiment, a method of video processing is disclosed. The
method includes making a decision, based on a color sub-sampling format of a video for a
conversion between a current block of the video and a bitstream representation of the video,
regarding whether a multiple reference line (MRL) coding mode is enabled for the current block
or a signaling format of one or more reference line indexes is used for the MRL coding mode;
and performing, based on the decision, the conversion.

[0013] In yet another example embodiment, a method of video processing is disclosed. The
method includes selecting, upon a determination that an inter-intra mode and a multiple reference
line intra prediction (MRLIP) mode are enabled for a current block of video, a line or a column
that 1s non-adjacent to the current block for an intra prediction process of the inter-intra mode;
and performing, based on the line or the column, a conversion between the current block and a
bitstream representation of the video.

[0014] In yet another example embodiment, a method of video processing is disclosed. The
method includes performing, for a current block of a video coded using a multiple reference line
intra prediction (MRLIP) mode that uses a line that is non-adjacent to the current block, a
conversion between the current block and a bitstream representation of the video, wherein the
MRLIP further uses a most probable mode (MPM) list, and wherein performing the conversion
comprises replacing a first mode of the MPM list with a second mode of the MPM list.

[0015] In yet another example embodiment, a method of video processing is disclosed. The
method includes performing, for a current block of a video coded using a multiple reference line
intra prediction (MRLIP) mode that uses a line that is non-adjacent to the current block, a
conversion between the current block and a bitstream representation of the video, wherein the
bitstream representation comprises a coded index of a mode in a fixed candidate list instead of a

coded index of a mode in a most probable mode (MPM) list.
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[0016] In yet another example embodiment, a method of video processing is disclosed. The
method includes determining, for a conversion between a current block of video and a bitstream
representation of the video using a multiple reference line (MRL) coding mode, that the
bitstream representation includes a first index corresponding to above rows used in a prediction
of the current block and a second index corresponding to left columns used in the prediction; and
performing, based on the determining, the conversion.

[0017] In yet another example aspect, a video encoder apparatus that includes a processor
configured to implement an above-described method is disclosed.

[0018] In yet another example aspect, a video decoder apparatus that includes a processor
configured to implement an above-described method is disclosed.

[0019] In yet another example aspect, a computer readable medium is disclosed. The computer
readable medium has code stored on it. The code, when executed by a processor, causes the
processor to implement an above-described method.

[0020] These, and other, aspects are described in the present document.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] FIG. 1 shows an example of neighboring blocks used in intra mode prediction.
[0022] FIG. 2 shows example of 67 intra prediction modes.
[0023] FIG. 3 illustrates an example of neighboring blocks used in a most probable mode
(MPM) list construction process.
[0024] FIGS. 4A and 4B shows examples of reference samples for wide-angular intra
prediction.
[0025] FIG. 5 illustrates an example discontinuity in case of directions beyond 45 degrees.
[0026] FIG. 6A—6D illustrate examples of samples used in position dependent intra prediction.
[0027] FIG. 7 shows an example of reference lines to be used for intra prediction.
[0028] FIG. 8 shows example locations of the samples used for the derivation of a and .
[0029] FIG. 9 shows an example of one chroma block and its corresponding luma block.
[0030] FIG. 10 shows an example of intra prediction modes with default modes.

[0031] FIGS. 1122 are flowcharts of example methods of video processing.
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[0032] FIG. 23 1s a block diagram of an example of a hardware platform for implementing a
visual media decoding or a visual media encoding technique described in the present document.
[0033] FIG. 24 is a block diagram of an example video processing system in which disclosed

techniques may be implemented.

DETAILED DESCRIPTION
[0034] The present document provides various techniques that can be used by a decoder of
video bitstreams to improve the quality of decompressed or decoded digital video or images.
Furthermore, a video encoder may also implement these techniques during the process of
encoding in order to reconstruct decoded frames used for further encoding.
[0035] Section headings are used in the present document for ease of understanding and do not
limit the embodiments and techniques to the corresponding sections. As such, embodiments from

one section can be combined with embodiments from other sections.

1. Introduction

[0036] This document is related to video coding technologies. Specifically, it is related to intra
prediction, especially for multiple reference line intra prediction and pulse code modulation
(PCM) in image/video coding. It may be applied to the existing video coding standard like
HEVC, or the standard (Versatile Video Coding) to be finalized. It may be also applicable to

future video coding standards or video codec.

2. Initial comments

[0037] Video coding standards have evolved primarily through the development of the well-
known ITU-T and ISO/IEC standards. The ITU-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 H.265/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 jointly in 2015. Since then, many new methods have been adopted by
JVET and put into the reference software named Joint Exploration Model (JEM). In April 2018,
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the Joint Video Expert Team (JVET) between VCEG (Q6/16) and ISO/IEC JTC1 SC29/WG11
(MPEG) was created to work on the VVC standard targeting at 50% bitrate reduction compared
to HEVC.

[0038] The latest version of VVC draft, i.e., Versatile Video Coding (Draft 2) is found at:
[0039] http://phenix.it-sudparis.eu/jvet/doc_end user/documents/11_Ljubljana/wgl1/JVET-
K1001-v7.zip

[0040] The latest reference software of VVC, named VTM, could be found at:

[0041] https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware VTM/tags/VTM-3.0rcl

2.1 Intra prediction in HEVC/H.265

[0042] In picture two distinct kinds of redundancy can be identified: 1) Spatial or temporal
redundancy, 2) Psycho-visual redundancy. For remove spatial redundancy, prediction process is
used. Intra-prediction is the process to predict pixels of picture frame. Intra-picture prediction
uses neighbourhood pixels for predict picture block. Before intra prediction frame must be split.
In HEVC, one picture/slice/tile may be split into multiple coding tree units (CTU). Depending on
the parameters like texture complexity, the CTUs can have the size: 64x64, 32x32, or 16x16.
Coding Tree Unit (CTU) is therefore a coding logical unit, which is in turn encoded into an HEVC
bitstream. It consists of three blocks, namely luma (Y) two chroma components (Cb and Cr).
Taking 4:2:0 color format as an example, Luma component have LxL samples and each chroma
component have L/2xL/2 samples. Each block is called Coding Tree Block (CTB). Each CTB has
the same size (LxL) as the CTU (64x64, 32x32, or 16x16). Each CTB can be divide repetitively
in a quad-tree structure, from the same size as CTB to as small as 8x8. Each block resulting from
this partitioning 1s called Coding Blocks (CBs) and becomes the decision making point of
prediction type (inter or intra prediction). The prediction type along with other parameters is coded
in Coding Unit (CU). So CU is the basic unit of prediction in HEVC, each of which is predicted
from previously coded data. And the CU consists of three CBs (Y, Cb and Cr). CBs could still be
too large to store motion vectors (inter-picture (temporal) prediction) or intra-picture (spatial)
prediction mode. Therefore, Prediction Block (PB) was introduced. Each CB can be split into PBs
differently depending on the temporal and/or spatial predictability. The CTUs can have the size:
32x32,16x16, 8x8 or 4x4.
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[0043] There are two kinds of intra prediction modes, PCM (pulse code modulation) and

normal intra prediction mode.

2.1.1 Pulse Code Modulation (PCM)

[0044] InI PCM mode, prediction, transform, quantization and entropy coding are bypassed.
Coding of the samples of a block by directly representing the sample values without prediction
or application of a transform.

[0045] In HEVC, 1 PCM mode is only available for 2Nx2N PU. Max and min I PCM CU size
is signalled in SPS, legal I PCM CU sizes are 8x8, 16x16 and 32x32, user-selected PCM sample
bit-depths, signalled in SPS for luma and chroma, separately.

[0046] Take Luma sample as an example: recSamplesL[ 1, j | = pcm_sample luma[ (nS * j) +
1] << (BitDepthY — PCMBitDepthY ). It becomes lossless coding when
PCMBIitDepthY=BitDepthY

[0047] Syntax design
7.3.2.2.1 General sequence parameter set RBSP syntax

seq parameter set rbsp() { Descriptor
sps_video_parameter_set_id u4)
sps_max_sub_layers_minusl u(3)
amp_enabled_flag u(l)
sample_adaptive_offset_enabled_flag u(l)
pcm_enabled_flag u(l)
ift pcm_enabled flag) {
pem_sample_bit_depth_luma_minusl u4)
pem_sample_bit_depth_chroma_minusl u4)
log2 min_pcm_luma_coding block_size_minus3 ue(v)
log2_diff max_min_pcm_luma_coding block_size ue(v)
pem_loop_filter disabled flag u(l)
/
rbsp_trailing_ bits()
b

[0048] Semantics
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[0049] pcm_enabled_flag equal to O specifies that PCM-related syntax
(pcm_sample bit depth luma minus1, pcm_sample bit depth chroma minusl,

log2 min_pcm_luma_coding block size minus3, log2 diff max min_pem luma
coding_block_size, pcm_loop_filter disabled flag, pcm_flag, pcm_alignment_zero_ bit syntax
elements and pcm_sample( ) syntax structure) is not present in the CVS.

[0050] NOTE 4 — When MinCbLog2SizeY is equal to 6 and pcm_enabled_flag is equal to 1,
PCM sample data-related syntax (pcm_flag, pcm_alignment zero bit syntax elements and
pem_sample( ) syntax structure) is not present in the CVS, because the maximum size of coding
blocks that can convey PCM sample data-related syntax is restricted to be less than or equal to
Min( CtbLog2SizeY, 5 ). Hence, MinCbLog2SizeY equal to 6 with pcm_enabled flag equal to 1
1s not an appropriate setting to convey PCM sample data in the CVS.

[0051] pcm_sample_bit_depth_luma_minusl specifies the number of bits used to represent

each of PCM sample values of the luma component as follows:
PcmBitDepthy = pcm_sample bit depth luma minusl + 1 (7-xx)

[0052] The value of PcmBitDepthy shall be less than or equal to the value of BitDepthy.
[0053] pcm_sample_bit_depth_chroma_minusl specifies the number of bits used to represent

each of PCM sample values of the chroma components as follows:
PcmBitDepthc = pcm_sample bit depth chroma minusl + 1 (7-yy)

[0054] The value of PcmBitDepthc shall be less than or equal to the value of BitDepthc. When
ChromaArrayType is equal to O, pcm_sample bit_depth _chroma minus1 is not used in the
decoding process and decoders shall ignore its value.

[0055] log2 min_pem luma_coding block size minus3 plus 3 specifies the minimum size of
coding blocks with pcm_flag equal to 1.

[0056] The variable Log2MinlpcmCbSizeY is set equal to

log2 min_pcm_luma_coding block size minus3 + 3. The value of Log2MinlpcmCbSizeY shall
be in the range of Min( MinCbLog2SizeY, 5 ) to Min( CtbLog2SizeY, 5 ), inclusive.

[0057] log2_diff max min_pcm_luma_coding_block_size specifies the difference between

the maximum and minimum size of coding blocks with pcm_flag equal to 1.



WO 2020/103931 PCT/CN2019/120266

[0058] The variable Log2MaxIpemCbSizeY is set equal to

log2 diff max min_pem_luma coding block size + Log2MinlpecmCbSizeY. The value of

Log2MaxIpecmCbSizeY shall be less than or equal to Min( CtbLog2SizeY, 5 ).

[0059] pem_loop_filter disabled_flag specifies whether the loop filter process is disabled on

reconstructed samples in a coding unit with pcm_flag equal to 1 as follows:

— Ifpcm_loop filter disabled flag is equal to 1, the deblocking filter and sample adaptive offset
filter processes on the reconstructed samples in a coding unit with pcm_flag equal to 1 are
disabled.

— Otherwise (pcm_loop filter disabled flag value is equal to 0), the deblocking filter and
sample adaptive offset filter processes on the reconstructed samples in a coding unit with
pem_flag equal to 1 are not disabled.

[0060] When pcm_loop filter disabled flag is not present, it is inferred to be equal to O.

[0061] 7.3.8.5 Coding unit syntax
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coding_unit( x0, y0, log2CbSize ) {

Descriptor

if( transquant_bypass_enabled flag )

cu_transquant_bypass_flag

ae(v)

if( slice_type = 1)

cu_skip_flag| x0 |[ yO |

ae(v)

nCbS = (1 << log2CbSize )

if( cu_skip flag[ x0 [[ yO ])

prediction_unit( x0, y0, nCbS, nCbS )

else {

if(slice_type != 1)

pred_mode_flag

ae(v)

if( palette_mode enabled flag && CuPredMode[ x0 ][ yO ] == MODE_INTRA &&
log2CbSize <= MaxTbLog28SizeY )

palette_mode_flag[ x0 |[ yO |

ae(v)

if( palette_mode_flag[ x0 ][ yO ])

palette_coding( x0, y0, nCbS )

else {

if( CuPredMode[ x0 ][ y0 ] != MODE_INTRA ||
log2CbSize == MinCbLog2SizeY )

part_mode

ae(v)

if( CuPredMode[ x0 ][ y0 ] == MODE_INTRA ) {

iff PartMode == PART 2Nx2N && pcm_enabled flag &&
log2ChSize >= Log2MinlpcmChSizeY &&
log2ChSize <= Log2MaxIpcmCbSizeY )

pem_flag[ x0 ][0 ]

ae(v)

if pem_flag[ x0 ][y0] ) {

while( !byte aligned() )

pem_alignment_zero_bit

J)

pem_sample( x0, 0, log2CbSize )

}+else §

pbOffset = (PartMode == PART NxN)? (nCbS/2): nCbS

for(j=0;j <nCbS; j =j + pbOffset )

for(1=0; 1 <nCbS; 1 =1+ pbOffset )

prev_intra_luma_pred_flag[ x0 +1][ yO +j ]

ae(v)

for(j =0;j <nCbS; j =j + pbOffset )

for(1=0; 1 <nCbS; 1 =1+ pbOffset )

if( prev_intra_luma_pred flag[ x0 +1][y0O+j])

mpm_idx[ x0 +1][yO+j]

ae(v)
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else

rem_intra_luma_pred_mode[ X0 +1][ yO +j |

ae(v)

if( ChromaArrayType == 3)

for(j =0, j <nCbS; j = j + pbOffset )

for(1=0;1<nCbS;1=1+ pbOffset )

intra_chroma_pred_mode[ x0 +1][ y0+j ]

ae(v)

else if( ChromaArrayType != 0)

intra_chroma_pred_mode[ x0 |[ yO |

ae(v)

¥

}else {

H

if( !pem_flag x0 ][ y0 1) {

if( CuPredMode[ x0 ][ y0 ] != MODE_INTRA &&
!(PartMode == PART 2Nx2N && merge flag] x0][y0]))

rqt_root_cbhf

ae(v)

if( rqt_root_cbf) {

MaxTrafoDepth = ( CuPredMode[ x0 ][ y0 ] == MODE_INTRA?

max_transform_hierarchy depth_inter )

(max_transform_hierarchy depth intra + IntraSplitFlag ) :

transform_tree( X0, y0, x0, y0, log2CbSize, 0,0 )

3

7.3.8.7 PCM sample syntax

pem_sample( x0, y0, log2CbSize ) {

Descriptor

for(1=0;1<1 << (log2CbSize << 1);1++)

pem_sample_lumal 1 |

u(v)

if( ChromaArrayType != 0)

for(1=0;1<((2 << (log2CbSize << 1))/ ( SubWidthC * SubHeightC) ); i++)

pem_sample_chromal 1]

u(v)

3

[0062] Semantics

[0063] pem_flag[ xO ][ yO ] equal to 1 specifies that the pcm sample( ) syntax structure is

present and the transform_tree( ) syntax structure is not present in the coding unit including the
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luma coding block at the location ( x0, yO ). pcm_flag[ x0 ][ yO ] equal to O specifies that
pem_sample( ) syntax structure is not present. When pem_flag[ x0 ][ yO ] is not present, it is
inferred to be equal to 0.

[0064] The value of pcm_flag[ xO+1][ yO+j ] withi=1..nCbS — 1, j=1..nCbS — 1 is inferred
to be equal to pcm_flag[ xO ][ yO ].

2.1.2 Normal intra prediction
[0065] For the luma component, there are 35 modes, including Planar, DC and 33 angular
prediction modes for all block sizes. To better code these luma prediction modes, one most
probable mode (MPM) flag is firstly code to indicate whether one of the 3 MPM modes is
chosen. If the MPM flag is false, then the 32 rest modes are coded with fixed length coding).
[0066] The selection of the set of three most probable modes is based on modes of two
neighboring PUs, one left and one to the above of the current PU. Let the intra modes of left and
above of the current PU be A and B, respectively wherein the two neighboring blocks are
depicted in FIG. 1.
[0067] If a neighboring PU is not coded as intra or is coded with pulse code modulation (PCM)
mode, the PU is considered to be a DC predicted one. In addition, B is assumed to be DC mode
when the above neighboring PU is outside the CTU to avoid introduction of an additional line
buffer for intra mode reconstruction.
[0068] If A is not equal to B, the first two most probable modes denoted as MPM[0] and
MPM[1] are set equal to A and B, respectively, and the third most probable mode denoted as
MPM]2] is determined as follows:

- If neither of A or B is planar mode, MPM]|2] is set to planar mode.

- Otherwise, if neither of A or B is DC mode, MPM]2] is set to DC mode.

- Otherwise (one of the two most probable modes is planar and the other is DC), MPM][2] is

set equal to angular mode 26 (directly vertical).

[0069] If A is equal to B, the three most probable modes are determined as follows. In the case
they are not angular modes (A and B are less than 2), the three most probable modes are set
equal to planar mode, DC mode and angular mode 26, respectively. Otherwise (A and B are

greater than or equal to 2), the first most probable mode MPM[0] is set equal to A and two
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remaining most probable modes MPM[ 1] and MPM] 2] are set equal to the neighboring
directions of A and calculated as:
MPM[1]=2+((A-2-1+32)%32)
MPM[2]=2+((A-2+1)%32)
[0070] where% denotes the modulo operator (i.e., a%b denotes the remainder of a divided by b).
[0071] For the chroma component, there are 5 modes, including DM, Planar, DC, Horizontal,

Vertical.

2.2 Intra prediction in VVC

2.2.1 Intra mode coding with 67 intra prediction modes

[0072] To capture the arbitrary edge directions presented in natural video, the number of
directional intra modes is extended from 33, as used in HEVC, to 65. The additional directional
modes are depicted as dashed arrows in FIG. 2, 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.

[0073] Conventional angular intra prediction directions are defined from 45 degrees to -135
degrees in clockwise direction as shown in FIG. 2. In VTM2, several conventional angular intra
prediction modes are adaptively replaced with wide-angle intra prediction modes for the non-
square blocks. The replaced modes are signaled using the original method and 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 is unchanged.

[0074] In the HEVC, every intra-coded block has a square shape and the length of each of its
side 1s a power of 2. Thus, no division operations are required to generate an intra-predictor
using DC mode. In VVV2, 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.

[0075] FIG. 2 illustrate examples of 67 intra prediction modes.
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2.2.2 Intra mode coding for luma component with 6 MPMs

[0076] In VVC reference software VIM3.0.rc1, only intra mode of neighbor position A and B
denoted as LEFT and ABOVE, as depicted in FIG. 3 are used for MPM list generation. For the
non MPM coding, truncated binary coded is applied.

[0077] Let the intra modes of left and above of the current CU be Modea and Modeg,
respectively.

[0078] If a neighboring CU is not coded as intra or is coded with pulse code modulation (PCM)
mode, the CU is considered to be a Planar predicted one. In addition, Modeg is assumed to be
Planar mode when the above neighboring CU is outside the CTU to avoid introduction of an
additional line buffer for intra mode reconstruction.

[0079] The 6 MPM modes are denoted by MPM][1] (i being O...5). The following steps are

performed in order:

1. Initialized values: MPM[6] = {Modea, !Modea, 50, 18, 46, 54};
2. If Modea is equal to Modeg, the followings apply
— If Modea is larger than 1 (non-DC/planar), MPM[6] = {Modea, planar, DC, 2 +
( ( candIntraPredModeA + 62 ) % 65 ), 2 + ( ( candIntraPredModeA - 1) % 65, 2
+ (( candIntraPredModeA + 61 ) % 65) )};
3. Otherwise (Modea is equal to Modeg), the followings apply:
—  MPM[0] = Modea, MPM[1] = Modeg

— Set the variable biggerldx is as follows :
biggerldx = candModeList[ O ] > candModeList[ 1 ]? 0 : 1

— If both of Modea and Modeg are larger than 1, MPM [ x | with x =2..5 1s derived
as follows :
MPM [ 2]=INTRA PLANAR
MPM [ 3 ]=INTRA_DC
— If MPM[ biggerldx ] — MPM] ! biggerldx ] is equal to neither 64 nor 1, the
following applies :
MPM[4]=2+((MPM | biggerldx ] +62) % 65)
MPM [ 5]=2+((MPM [ biggerldx - 1) % 65)
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— Otherwise, the following applies :
MPM[4]=2+((MPM | biggerldx ] +61) % 65)
MPM [ 5]=2+( candModeList[ biggerldx | % 65)

— Otherwise, if sum of Modea and Modeg is larger or equal to 2, the following
applies :
MPM[2]=! MPM ! biggerldx |
MPM[3]=2+((MPM] biggerldx | +62) % 65)
MPM [4]=2+((MPM | biggerldx]-1)% 65)
MPM[5]=2+((MPM] biggerldx |+ 61 )% 65)

]
]
]
]

where% denotes the modulo operator (i.e., a%b denotes the remainder of a divided by b).

2.2.3 Wide-angle intra prediction for non-square blocks

[0080] Conventional angular intra prediction directions are defined from 45 degrees to -135
degrees in clockwise direction. In VTM2, several conventional angular intra prediction modes
are adaptively replaced with wide-angle intra prediction modes for non-square blocks. The
replaced modes are signaled using the original method and remapped to the indexes of wide
angular modes after parsing. The total number of intra prediction modes for a certain block is
unchanged, i.e., 67, and the intra mode coding is unchanged.

[0081] To support these prediction directions, the top reference with length 2W+1, and the left
reference with length 2H+1, are defined as shown in FIG. 4.

[0082] The mode number of replaced mode in wide-angular direction mode is dependent on the

aspect ratio of a block. The replaced intra prediction modes are illustrated in Table 1.

Table 1: Intra prediction modes replaced by wide-angular modes

Condition Replaced intra prediction modes
W/H== Modes 2,3,4,5,6,7

W/H>2 Modes 2,3,4,5,6,7,8,9,10,11
W/H= None

H/W==1/2 Modes 61,62,63,64,65,66
H/W<1/2 Mode 57,58,59,60,61,62,63,64,65,66

[0083] As shown in FIG. 5, 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
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filter and side smoothing are applied to the wide-angle prediction to reduce the negative effect of

the increased gap Apa.

2.2.4 Position dependent intra prediction combination
[0084] In the VTM2, the results of intra prediction of planar mode are further modified by a
position dependent intra prediction combination (PDPC) method. PDPC is an intra prediction
method which invokes a combination of the un-filtered boundary reference samples and HEVC
style intra prediction with filtered boundary reference samples. PDPC is applied to the following
intra modes without signalling: planar, DC, horizontal, vertical, bottom-left angular mode and its
eight adjacent angular modes, and top-right angular mode and its eight adjacent angular modes.
[0085] The prediction sample pred(x,y) s predicted using an intra prediction mode (DC, planar,
angular) and a linear combination of reference samples according to the Equation as follows:

pred(x )=(WLxR.1; + WIxRy.1 — wTL xRy .1H(64 — wL —wT+wTL)xpred(x,y) + 32 ) >>6
[0086] where R,.1, R.1,y represent the reference samples located at the top and left of current
sample (x, y), respectively, and R.1,-1 represents the reference sample located at the top-left corner
of the current block.
[0087] If PDPC is applied to DC, planar, horizontal, and vertical intra modes, additional
boundary filters are not needed, as required in the case of HEVC DC mode boundary filter or
horizontal/vertical mode edge filters.
[0088] FIGS. 6A-6D illustrates the definition of reference samples (Rx-1, R-1,y and R.1-1) for
PDPC applied over various prediction modes. The prediction sample pred (x’, y’) is located at
(x’, y’) within the prediction block. The coordinate x of the reference sample Ry.1 is given by: x =
x’+y’+ 1, and the coordinate y of the reference sample R.1, is similarly given by: y=x"+y’+
1.
[0089] FIGS. 6A-6D show example definition of samples used by PDPC applied to diagonal and
adjacent angular intra modes. FIG. 6A shows diagonal top-right mode. FIG. 6B shows diagonal
bottom-left mode. FIG. 6C shows adjacent diagonal top-right mode. FIG. 6D shows an example
of adjacent bottom-left mode.
[0090] The PDPC weights are dependent on prediction modes and are shown in Table 2.

Table 2: Example of PDPC weights according to prediction modes

| Prediction modes wT wL | wTL |
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Diagonal top-right 16 >> ((y'<<1)>> shifi) 16 >> ((x'<<1) >> shiff) 0
Diagonal bottom-left 16 >> ((y'<<1)>> shift) 16 >> ((x'<<1)>> shift) 0
Adjacent diagonal 32 >>((y'<<1)>> shift) 0 0
top-right
Adjacent diagonal 0 32>> ((x'<<1)>>shift) 0
bottom-left

2.2.5 Multiple reference line intra prediction (MRLIP)
[0091] Instead of always using the reconstructed samples in the adjacent left column and above
row (i.e., reference line 0) for intra prediction, it is proposed to allow using reference samples
located at different distances.
[0092] The MRLIP has the following characteristics:
— Reference line index signaling
- forreference line idx > 0, only those in MPM list and only signal mpm index without
remaining mode;
- for reference line index = 0, the same as original design, all kinds of intra
prediction modes may be selected
— One of three lines may be selected for one luma block: reference line 0, 1, 3 as depicted in
FIG. 7.
— Top line of CTU restriction
- disable MRL for the first line of blocks inside a CTU
2.2.6 Chroma coding
[0093] In HEVC chroma coding, five modes (including one direct mode (DM) which is the intra
prediction mode from the top-left corresponding luma block and four default modes) are allowed
for a chroma block. The two color components share the same intra prediction mode.
[0094] Different from the design in HEVC, two new methods have been proposed, including:

cross-component linear model (CCLM) prediction mode and multiple DMs.

2.2.6.1 CCLM
[0095] To reduce the cross-component redundancy, a cross-component linear model (CCLM)
prediction mode, a.k.a. LM, is used in the JEM, for which the chroma samples are predicted

based on the reconstructed luma samples of the same CU by using a linear model as follows:

predc(i,j) = a-rec/'(i,j) + B (1)
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[0096] where pred (i, j) represents the predicted chroma samples in a CU and rec;'(i, j)
represents the downsampled reconstructed luma samples of the same CU for color formats 4:2:0
or 4:2:2 while rec,'(i, j) represents the reconstructed luma samples of the same CU for color
format 4:4:4. CCLM Parameters « and f are derived by minimizing the regression error between

the neighbouring reconstructed luma and chroma samples around the current block as follows:

_ NY(LG-c(m)-YL)-¥C(n)

T NE(L(n)Lm)-YL(n)-$L(n) @
p = L-agie) 3)

[0097] where L(n) represents the down-sampled (for color formats 4:2:0 or 4:2:2) or original
(for color format 4:4:4) top and left neighbouring reconstructed luma samples, C(n) represents
the top and left neighbouring reconstructed chroma samples, and value of Nis equal to twice of
the minimum of width and height of the current chroma coding block. For a coding block with a
square shape, the above two equations are applied directly. For a non-square coding block, the
neighbouring samples of the longer boundary are first subsampled to have the same number of
samples as for the shorter boundary. FIG. 6A-6D show the location of the left and above
reconstructed samples and the sample of the current block involved in the CCLM mode.
[0098] This regression error minimization computation is performed as part of the decoding
process, not just as an encoder search operation, so no syntax is used to convey the o and B
values.
[0099] FIG. 8 shows example locations of the samples used for the derivation of o and p.
[00100] The CCLM prediction mode also includes prediction between the two chroma
components, i.e., the Cr component is predicted from the Cb component. Instead of using the
reconstructed sample signal, the CCLM Cb-to-Cr prediction is applied in residual domain. This
1s implemented by adding a weighted reconstructed Cb residual to the original Cr intra prediction
to form the final Cr prediction:

predg, (i,)) = prede,(i,j) + a - resic,'(i, ) )
[00101] wherein resic, (i, j) presents the reconstructed Cb residue sample at position (i,j).
[00102] The scaling factor a 1s derived in a similar way as in the CCLM luma-to-chroma

prediction. The only difference is an addition of a regression cost relative to a default a value in
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the error function so that the derived scaling factor is biased towards a default value of —0.5 as

follows:

_ NZ(Cb(n)~Cr(n))—2Cb(n)-2€r(n)+l<(—0.5) 5
T N-x(cb(@)-cb(n)-XCb(n)-XCh(n)+A ®)

where Ch(n) represents the neighbouring reconstructed Cb samples, Cr(n) represents the

neighbouring reconstructed Cr samples, and A is equal to Z(C b(n) - C b(n)) > 9.

[00103] The CCLM luma-to-chroma prediction mode is added as one additional chroma intra
prediction mode. At the encoder side, one more RD cost check for the chroma components is
added for selecting the chroma intra prediction mode. When intra prediction modes other than
the CCLM luma-to-chroma prediction mode is used for the chroma components of a CU, CCLM

Cb-to-Cr prediction is used for Cr component prediction.

2.2.6.2 Chroma coding in VVC

[00104] CCLM as in JEM is adopted in VITM-2.0. But MM-CCLM in JEM is not adopted in
VTM-2.0.

[00105] For chroma intra coding, a candidate list of chroma intra prediction modes is firstly
derived wherein three parts may be included:

- one direct mode (DM) which is set to the one intra luma prediction mode associated with
luma CB covering the co-located center position (CR in FIG. 9) of a chroma block; An
example was shown in FIG. 9 with the co-located position denoted by TL.

- one cross-component linear model (CCLM) mode

- four default modes (DC, Planar, Horizontal, and Vertical modes, as highlighted in FIG.
1). If one of the four default modes is identical to the DM mode, it is replaced by the intra
prediction mode with largest mode index, i.e., indicated by the dashed line depicted in
FIG. 10.

3. Drawbacks of existing embodiments

[00106] In the current design of MRL intra prediction in VVC, it has the following problems.
1) In VIM3.0-rcl, PCM flag is coded after the index of reference line used for intra

prediction process. Therefore, even PCM may be used for coding one block, the reference
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line index is still signalled which wastes bits since normal intra prediction is disallowed
for PCM coded blocks.

Adaptive loop filter (ALF) is newly adopted by VVC. How to handle it with PCM is
unknown.

One PCM flag of a luma block and two corresponding chroma blocks is used in the
decision of filtering process in HEVC. However, when separate tree is utilized, samples of
a luma block and samples of chroma component may choose to different PCM flags, that
1s, one luma block may be coded with PCM and the corresponding chroma block may be
coded with non-PCM, therefore, using one PCM flag in the filtering decision process is
undesirable.

MRLIP is only applied to luma component. However, for chroma components, it may also
work, especially for 4:4:4 color format.

MRLIP could not be applied to inter-intra coded blocks which may decrease the coding
performance.

Reference lines with non-zero indices are more efficient for angular modes. Modes in the
MPM list are utilized when the reference line index is larger than 0. However, it is
possible that DC/planar mode may be included in the MPM list for which MRLIP is less
efficient.

In HEVC, the smallest CU size is 8x8 while in VVC, the smallest CU size is 4x4.
Therefore, 4x4, 4x8, 8x4 block should also apply PCM mode while it is not allowed now.
In addition, original design of PCM only takes care of square CUs while in VVC, there

are non-square CUs.

Example embodiments and techniques

[00107] The detailed techniques listed below should be considered as examples to explain
general concepts. These techniques should not be interpreted in a narrow way. Furthermore,

these techniques can be combined in any manner.

1.

It is proposed that PCM enabling flag is coded before the MRLIP mode information.
a. Inone example, if PCM is disabled for this block, the reference line index used in

MRLIP is further signalled.
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In one example, if PCM is enabled for this block, signalling of the reference line
index used in MRLIP is skipped.
Alternatively, PCM flag is not signaled if MRLIP mode information is equal or

unequal to O.

2. When one block is coded with the PCM mode, adaptive loop filter (ALF) for this block is

disabled automatically.

a.

b.

C.

The signalling of ALF enable/disable flag may depend on the PCM
enabling/disabling flag. Alternatively, the signalling of PCM enable/disable flag
may depend on the ALF enabling/disabling flag.

If one block with size equal to CTU size, the PCM flag may be firstly signalled
before ALF enabling/disabling flag. When the PCM flag is true, ALF flag is not
signalled any more.

If one block with size equal to CTU size, the PCM flag may be firstly signalled
before SAO enabling/disabling flags. When the PCM flag is true, SAO flag is not
signalled any more.

Alternatively, furthermore, above methods may be applied only when

pem_loop filter disabled flag is equal to 1

3. How to signal/interpret/use PCM enabling/disabling flags may depend on color

components.

a.

C.

d.

In one example, how to signal/interpret/use PCM enabling/disabling flags may
depend on whether separate partition tree structure for different color components
is used.

In one example, when separate partition tree structure for luma and chroma
components is applied, a first flag for a luma block may be signalled and a second
flag for a chroma block may be signalled independently.

In one example, when separate partition tree structure for the three color
components is applied, three flags may be signalled independently.

In one example, depending on color component, the PCM enabling/disabling flag
1s interpreted as different variables, e.g. pcm_luma and pcm_chroma, to control

following video coding process.
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e. In the filtering process (such as deblocking filter, sample adaptive loop filter,
adaptive loop filter), whether one block of a color component should be filtered
may depend on the PCM enabling/disabling flag associated with the color
component.

f.  Alternatively, even separate partition tree structure is enabled, PCM flags are only
signalled for the luma component, while for a chroma block, it may inherit the
PCM flag from any location within one corresponding luma block (e.g., from the
center position of the corresponding luma block).

g Alternatively, furthermore, the restriction of allowed PCM coded block
size/dimension may be signalled for different color components or for luma and
chroma separately.

For example, taking 4:2:0 as an example, one 64x64 luma block (CTU size equal
to 64x64) correspond to 2 32x32 chroma blocks. The luma block may be split to 4
CUs with quad-tree partition (there are four 32x32 luma CUs). In original design,
there is no separate tree, only one flag for each of the 32x32 luma CU is coded
and 1t is used for the corresponding 16x16 Cb/Cr blocks since luma and chroma
share the same partition structure. In total, 4 flags may be coded.

In one example embodiment of our proposed method, if separate tree is applied,
then the chroma blocks may be split to 2 CUs with binary-tree partition (there are
two 32x16 Cb CUs, and two 32x16 Cr CUs). In this case, four flags of the four
32x32 luma blocks; and 2 flags of the 2 32x16 chroma blocks may be signalled.
Similarly, the original design will check a PCM flag associated with one luma and
2 chroma blocks in the filtering process while in the proposed method, the PCM
flag of one luma block, and the PCM flag of one chroma block may be checked
independently for the determination of filtering processes.

4. Ttis proposed that a flag is signaled in a high-level (compared to the CU/block level) to
indicate whether PCM is applicable or not. If PCM is not applicable, signalling of PCM
enabling/disabling flag in lower-level (such as block-level) is always skipped for all
blocks. The flag may be signaled in VPS/PPS/picture header/slice header/tile group
header/tile/CTU row/CTU
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5. When one block is coded with non-adjacent reference line (e.g., reference line index > 0),
wide angular mode may be automatically disabled.

a. In one example, the mapping between signalled modes and the indexes of wide
angular modes after parsing is skipped.

b. Alternatively, wide angular mode is used with the adjacent reference line
regardless the signalled reference line index.

6. Whether to enable MRL and how to transmit reference line index may depend on the
color sub-sampling format.

a. In one example, for 4:4:4 color format, MRL may be enabled for all three color
components.

b. The reference line index may be coded once for all color components of one
block.

c. Alternatively, two reference line indices may be coded wherein one is for the
luma color component (e.g., 1% color component to be coded) and one for the
other two color components.

d. Alternatively, three reference line indices may be coded wherein one is for the
luma color component (e.g., 1% color component to be coded) and other two for
the other two color components

e. Alternatively, when multiple reference line indices need to be coded, predictive
coding may be applied to code the index differences.

f.  Alternatively, when multiple reference line indices need to be coded, one flag
may be firstly signaled to tell all of them are the same.

g In one example, different color components may choose different candidate of
lines.

1. For example, Cb/Cr components may choose from the first and second
neighbouring lines.
i1. The MRL information may be coded in different ways for different colour

components.
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7. Inter-intra mode and MRLIP mode may be both enabled for one block. In this case, the
intra prediction process used in the inter-intra mode may rely one a line/column not
adjacent to the current block.

a. In one example, if the current block is coded Inter-Intra mode, reference line
indices may be further signalled.

b. Such method is applied to certain block dimension, locations.

¢.  Whether this joint mode is enabled or disabled may be signalled in
SPS/VPS/PPS/picture header/slice header/tile group header/CTUs.

8. When MRLIP refers to a non-adjacent (e.g., reference line index > 0) and the MPM list
include a certain mode denoted by M1, M1 may be further replaced by another mode,
denoted by M2, in the decoding process.

a. In one example, the certain mode (with mode index K) is defined as the DC mode
or the planar mode or wide angular mode or any non-angular mode.
b. The mode used a replacement may be derived from remaining modes in the MPM
list.
1. In one example, the first mode with index unequal to K may be utilized to
derive the replacement mode, e.g., with index equal to (the first mode plus
M) wherein M, e.g., is set to 1.
ii. In one example, the last mode with index unequal to K may be utilized to
derive the replacement mode, e.g., with index equal to (the first mode plus
M) wherein M, e.g., is set to 1.

9. When MRLIP refers to a non-adjacent (e.g., reference line index > 0), instead of coding
the index of an intra mode included in the MPM list, a fixed candidate list may be used
and the index to the fixed candidate list may be signalled.

a. In one example, the fixed candidate list may be set to including e.g., horizontal or
vertical modes.

b. In one example, the fixed candidate list may be pre-defined.

c. Alternatively, the fixed candidate list may be signalled in SPS/VPS/PPS/picture
header/slice header/tile group header/CTUs.

d. Alternatively, the fixed candidate list may depend on the block dimension.
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10. Instead of using the same reference line index for above rows and left columns, it is
proposed that index of above rows and left columns may be signalled separately.

a. In one example, such a method may be added as a new mode. In this case, only
when this mode is enabled, separate signalling may be applied.

b. In one example, for different combinations of reference indices of above row and
left column, different sets of allowed intra prediction modes may be utilized.

c. Different sets of intra prediction modes utilized in this method may be pre-defined
or be signalled in SPS/VPS/PPS/picture header/slice header/tile group
header/CTUs.

11. It is proposed to allow blocks with less than 64 samples to enable the PCM mode.

a. In one example, 4x4, 4x8 or 8x4 may also apply PCM modes.

b. In one example, the minimum block size with pcm_flag equal to 1 is set to (coded
log2 min pcm luma coding block size minus2 value plus 2).

12. It 1s proposed to allow blocks with more than or equal to 64*64 samples to enable the
PCM mode.

a. Alternatively, furthermore, such a method is only enabled when the LCU size is
equal to 128x128.

13. It is proposed to signal the indications of maximum/minimum number of samples within
one PCM-coded luma block.

a. In one example, when signaling the indications of maximum number of samples
within one PCM-coded luma block, indications of the difference between
maximum and minimum values may be signalled.

b. In one example, log2 of the maximum/minimum number of samples within one
PCM-coded luma block may be signalled.

¢. In one example, when signaling the maximum number of samples within one
PCM-coded luma block, the log2 value of the difference between maximum and
minimum values may be signalled.

14. Minimum allowed size of block width and/or block height may be signalled/derived
separately which could be unequal to each other.

a. Maximum allowed block width and/or height may be signalled/derived separately.
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b. In one example, minimum allowed size of block width and block height is not
signalled, it is inherited to be the same as the minimum CU block’s width and
height, respectively.

¢. In one example, maximum allowed size of block width and block height is not
signalled, it is inherited to be the same as the LCU’s width and height,
respectively.

d.  Whether to signal a PCM enabling/disabling flag for block may depend on
whether one of the following conditions are true:

1. current block’s width is no smaller than the minimum block width, and
current block’s width is no larger than the maximum allowed block width

ii. current block’s width is no smaller than the minimum block height, and
current block’s width is no larger than the maximum allowed block height

e. Indications of the minimum size of block width and block height with PCM equal
to 1 may be signalled separately.

f. Indications of the maximum size of block width and block height with PCM equal
to 1 may be signalled separately.

15. Different color component may have different restrictions on when the PCM flags should
be signalled in block level.

a. In one example, the allowed sizes (e.g.,
log2 min_pcm_luma_coding_block size minus3,
log2 diff max min_pcm luma coding block size in 0) for different color
components may be signalled separately.

b. Whether to signal separately or just once for all color components may depend on

the color sub-sampling format (e.g., 4:2:0, 4:4:4).

5.  Example Embodiments
[00108] The changes compared to the implementation of VTM-3.0rcl are highlighted in large
boldface font. The deleted part is marked with strikethroush.

5.1 Embodiment #1
[00109] Semantics
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[00110] pcm_enabled_flag equal to O specifies that PCM-related syntax
(pcm_sample bit depth luma minus1, pcm_sample bit depth chroma minusl,

log2 min_pcm_luma_coding block size minus3, log2 diff max min_pem luma
coding_block_size, pcm_loop filter disabled flag, pcm_flag, pcm_alignment zero_bit syntax
elements and pcm_sample( ) syntax structure) is not present in the CVS.

[00111] NOTE 4 — When MinCbLog2SizeY is equal to 7 6 and pcm_enabled flag is equal to 1,
PCM sample data-related syntax (pcm_flag, pcm_alignment zero bit syntax elements and
pcm_sample( ) syntax structure) is not present in the CVS, because the maximum size of coding
blocks that can convey PCM sample data-related syntax is restricted to be less than or equal to
Min( CtbLog2SizeY, 6 5 ). Hence, MinCbLog2SizeY equal to 7 6 with pcm_enabled flag equal
to 1 is not an appropriate setting to convey PCM sample data in the CVS.

[00112] pcm_loop _filter disabled flag specifies whether the loop filter process is disabled on
reconstructed samples in a coding unit with pcm_flag equal to 1 as follows:

— Ifpem_loop filter disabled flag is equal to 1, the deblocking filter, adaptive loop
filter and sample adaptive offset filter processes on the reconstructed samples in a coding
unit with pcm_flag equal to 1 are disabled.

—  Otherwise (pcm_loop filter disabled flag value is equal to 0), the deblocking filter ,
adaptive loop filter and sample adaptive offset filter processes on the reconstructed

samples in a coding unit with pcm_flag equal to 1 are not disabled.

[00113] When pecm_loop_filter disabled flag is not present, it is inferred to be equal to O.

5.2 Embodiment #2

[00114] When the MRLIP and PCM are both enabled for a sequence, the following may be
applied. In this case, PCM flag is firstly coded before sending the MRL index.

[00115] Coding unit syntax
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coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {

Descriptor

if( slice_type !=1)¢{

cu_skip_flag[ x0 ][ yO |

ae(v)

if( cu_skip flag[ x0 |[y0 ]==0)

pred_mode_flag

ae(v)

¥

if( CuPredMode[ x0 ][ y0 ] == MODE_INTRA ) {

if( pcm_enabled_flag &&
cbWidth >= MinlpcmCbSizeX && cbWidth <=
MaxIpemCbSizeX &&
cbHeight >= MinlpcmCbSizeY & & cbHeight <=
MaxIpemCbSizeY )

pcem_flag| x0 ][ yO |

if( pem_flag[ x0 ][ y0 ]) {

//PCM related syntax

} else {

if(treeType = = SINGLE_TREE || treeType ==DUAL TREE LUMA ) {

if( (y0 % CtbSizeY ) > 0)

intra_luma_ref _idx[ x0 |[ yO0 |

ae(v)

if (intra_luma_ref idx[ x0 ][ y0 ] ==0)

if(intra_luma mpm _flag[ x0 ][ y0 ])

intra_luma_mpm_idx[ x0 ][ yO |

ae(v)

else

intra_luma_mpm_remainder| x0 |[ yO |

ae(v)

b

if(treeType = = SINGLE_TREE || treeType ==DUAL_ TREE CHROMA )

intra_chroma_pred_mode[ x0 |[ yO |

ae(v)

}

} else { /* MODE_INTER */
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[00116] Alternatively, the signaling of PCM flag may depend on either the required width or

height satisfy the conditions.

coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {

Descriptor

if( slice_type '= 1) {

pred_mode_flag

ae(v)

}

if( CuPredMode[ x0 ][ y0 ] == MODE_INTRA ) {

if( pcm_enabled_flag & &
(cbWidth >= MinlpcmCbSizeX &&
cbWidth <= MaxIpcmCbSizeX) ||
(cbHeight >= MinlpcmCbSizeY &&
cbHeight <= MaxIpcmCbSizeY )

pcem_flag| x0 |[ yO |

ae(v)

if( pem_flag[ x0 ][ y0 |) {

... //[PCM related syntax elements

} else {

if((y0 % CtbSizeY ) > 0)

intra_luma_ref _idx| x0 |[ yO0 |

ae(v)

if (intra_luma_ref_idx[ x0 ][ y0 | ==0)

}

}else { /* MODE_INTER */

3

5.3 Embodiment #3

[00117] In this embodiment, PCM enabling/disabling flags may be associated with the color

component.
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5.3.1 Signaling of PCM flags
[00118] The signaling of PCM enabling/disabling flag is coded separately for luma and chroma

components when separate partition tree structure (a.k.a., dual tree) is used. The proposed

changes are highlighted.

5.3.1.1 With two different syntax elements

coding_unit( x0, y0, cbWidth, cbHeight, treeType ) { Descriptor
if( slice_type '= 1) {
pred_mode_flag ae(v)
}
if( CuPredMode[ x0 ][ y0 ] == MODE_INTRA) {

if( pcm_enabled flag &&
(cbWidth >= MinlpemCbSizeX &&
cbWidth <= MaxIpemCbSizeX) ||
(cbHeight >= MinlpemCbSizeY &&
cbHeight <= MaxIpemCbSizeY ) {

if( treeType ==SINGLE_TREE || treeType ==
DUAL_TREE_LUMA)

pcm_flag luma| x0 |[ yO0 | ae(v)

else if(treeType == DUAL_TREE_CHROMA)

pem_flag_chroma| x0 || yO |

if( ((treeType == SINGLE_TREE || treeType ==
DUAL_TREE_LUMA) && pcm_flag luma| x0 |[ y0 |)||
(treeType == DUAL_TREE_CHROMA&&
pem_flag _chroma| x0 ][ yO0 ])) {

... //[PCM related syntax elements

}else {

if( (y0 % CtbSizeY) > 0)

intra_luma_ref_idx| x0 ][ yO ] ae(v)

if (intra_luma_ref 1dx[ x0 ][ yO ] ==0)

H

}else { /* MODE_INTER */
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3

5.3.1.2 With one different syntax elements but different semantics

coding_unit( x0, y0, cbWidth, cbHeight, treeType ) { Descriptor
if( slice_type != 1) ¢{
pred_mode_flag ae(v)
3

if( CuPredMode[ x0 ][ y0 ] == MODE_INTRA ) {

if( pem_enabled flag &&
(cbWidth >= MinlpemCbSizeX &&
cbWidth <= MaxIpemCbSizeX) ||
(cbHeight >= MinlpemCbSizeY &&
cbHeight <= MaxIpemCbSizeY ) {

pcm_flag[ x0 ][ y0 ] ae(v)

if(pem_flag| x0 ][ y0 ])) {
... //[PCM related syntax elements

} else {

if( (y0 % CtbSizeY) > 0)

intra_luma_ref idx| x0 ][ yO ] ae(v)

if (intra_luma_ref idx[ x0 ][ y0 ] ==0)

}
} else { /* MODE_INTER */

—-—

}
[00119] When separate tree is enabled, the decoded pcm_flag is assigned to pcm_flag luma and

pecm_flag chroma separately, depending on treeType.
[00120] More sepcifically,
— If dual tree is disabled, (e.g., treeType is equal to SINGLE TREE), the decoded pcm_flag
1s copied to both pcm_flag luma and pcm_flag chroma.
— Otherwise,
o Ifthe current parsing process is for the luma component, (e.g., the treeType is equal

to DUAL_TREE LUMA), the decoded pcm_flag is copied to both pcm_flag luma
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o Otherwise (e.g., the treeType is equal to DUAL TREE LUMA), the decoded

pem_flag is copied to pcm_flag chroma.

5.3.2 Usage of PCM flags
[00121] The filtering process (e.g., deblocking, sample adaptive offset, ALF) may depend on the
coded pcm enabling/disabling flag associated with the color components.

More specifically,

[00122] If pcm_loop filter disabled flag is equal to 1 and pecm_flag luma[ xPo ][ yPo ] i1s equal
to 1, the luma sample located at (xPo , yPo) is not filtered.

[00123] If pcm_loop filter disabled flag is equal to 1 and pcm_flag chroma[ xPo ][ yPo ] 1s
equal to 1, the chroma sample located at (xPo , yPo) is not filtered.

[00124] Here, some examples are given as follows:

5.3.2.1 Filtering process for a luma sample in deblocking filter
[00125] Alternatively, the following changes may be made on top of HEVC specification:
[00126] 8.7.2.5.7 Filtering process for a luma sample
When nDp is greater than 0 and one or more of the following conditions are true, nDp is set equal to O:
— pem_loop_filter_disabled flag is equal to 1 and pcm_flag_lumay xPo ][ yPo | is equal to 1.

— cu_transquant_bypass_flag of the coding unit that includes the coding block containing the
sample po is equal to 1.

When nDq is greater than 0 and one or more of the following conditions are true, nDq is set equal to 0:
— pem_loop_filter_disabled_flag is equal to 1 and pem_flag_luma [ xQo ][ yQo | is equal to 1.

— cu_transquant_bypass_flag of the coding unit that includes the coding block containing the

sample qo is equal to 1.

5.3.2.2 Filtering process for a chroma sample in deblocking filter
[00127] Alternatively, the following changes may be made on top of HEVC specification:
8.7.2.5.8 Filtering process for a chroma sample

When one or more of the following conditions are true, the filtered sample value, po' is substituted

by the corresponding input sample value po:
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— pem_loop_filter disabled flag is equal to 1 and
pem_flag_chromal xP, * SubWidthC ][ yPo * SubHeightC ] is equal to 1.
— cu_transquant_bypass_flag of the coding unit that includes the coding block containing the
sample po is equal to 1.
— palette mode flag of the coding unit that includes the coding block containing the sample p0
isequal to 1.
When one or more of the following conditions are true, the filtered sample value, qo' is substituted
by the corresponding input sample value qo:
— pem_loop_filter disabled flag is equal to 1 and pcm_flag chroma
| xQo * SubWidthC || yQo * SubHeightC ] is equal to 1.
— cu_transquant_bypass_flag of the coding unit that includes the coding block containing the
sample qo is equal to 1.
— palette_mode_flag of the coding unit that includes the coding block containing the sample q0
isequal to 1.
[00128] Notes: for all above embodiments, the following may apply:
[00129] In some examples, MinlpcmCbSizeX is equal to MinlpcmCbSizeY. Alternatively,
MinlpecmCbSizeX is unequal to MinlpcmCbSizeY.
[00130] In some examples, MaxIpcmCbSizeX is equal to MaxIpcmCbSizeY. Alternatively,
MaxIpecmCbSizeX is unequal to MaxIpcmCbSizeY.
[00131] MinlpecmCbSizeX, MinlpcmCbSizeY, MaxIpcmCbSizeX, MaxIpecmCbSizeY may be
derived from syntax elements signaled in SPS/VPS/PPS etc. al.
[00132] FIG. 11 1s a flowchart for a method 1100 for video processing. The method 1100
includes, at operation 1110, determining, for a current block of video, that at least one of a first
coding mode in which pulse code modulation (PCM) is used or a second coding mode in which
multiple reference line based intra prediction (MRLIP) is used is enabled.
[00133] The method 1100 includes, at operation 1120, performing, based on the first coding
mode or the second coding mode, a conversion between the current block and a bitstream
representation of the video, a first indication indicative of use of the first coding mode and/or a
second indication indicative of use of the second coding mode being included in the bitstream

representation according to an ordering rule.
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[00134] FIG. 12 1s a flowchart for a method 1200 for video processing. The method 1200
includes, at operation 1210, determining, for a conversion between a current block of video and a
bitstream representation of the video, based on a color component representation of the video, at
least one flag associated with a coding mode based on a pulse code modulation of the current
block.

[00135] The method 1200 includes, at operation 1220, performing, based on the determining, the
conversion.

[00136] FIG. 13 1s a flowchart for a method 1300 for video processing. The method 1300
includes, at operation 1310, performing a conversion between a current block of a video region
of a video and a bitstream representation of the video, the bitstream representation being
formatted according to a rule regarding an applicability of a pulse code modulation (PCM) to the
current block, and the rule specifying to omit an indication of the PCM at a current block level
upon a determination that an indication of disabling the PCM is included at a video region level.
[00137] FIG. 14 is a flowchart for a method 1400 for video processing. The method 1400
includes, at operation 1410, making a decision, based on a size of a current block of video,
regarding enabling a pulse code modulation (PCM) coding mode for the current block.

[00138] The method 1400 includes, at operation 1420, performing, based on the decision, a
conversion between the current block and a bitstream representation of the video.

[00139] FIG. 15 is a flowchart for a method 1500 for video processing. The method 1500
includes, at operation 1510, determining, for a conversion between a current block of a video and
a bitstream representation of the video, a minimum allowed value for a height or a width of the
current block, the minimum allowed value for the height being signaled or derived separately
from the minimum allowed value for the width.

[00140] The method 1500 includes, at operation 1520, performing, based on the determining, the
conversion.

[00141] FIG. 16 1s a flowchart for a method 1600 for video processing. The method 1600
includes, at operation 1610, configuring, upon a determination that an indication of a current
block of video being coded with a pulse code modulation (PCM) coding mode is signaled in a

bitstream representation of the video, a color component representation of the video.
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[00142] The method 1600 includes, at operation 1620, performing, based on the configuring, a
conversion between the current block and the bitstream representation.

[00143] FIG. 17 is a flowchart for a method 1700 for video processing. The method 1700
includes, at operation 1710, determining, for a conversion between a current block of video and a
bitstream representation of the video, that a wide angular mode is disabled for the conversion due
to use of a non-adjacent reference line mode for the conversion.

[00144] The method 1700 includes, at operation 1720, performing, based on the determining, the
conversion, the non-adjacent reference line mode using non-adjacent pixels from a reference line
of the video for the conversion of the current block, and the wide angular mode comprising an
intra prediction direction beyond the 45 degree to -135 degree conventional angular intra
prediction direction.

[00145] FIG. 18 is a flowchart for a method 1800 for video processing. The method 1800
includes, at operation 1810, making a decision, based on a color sub-sampling format of a video
for a conversion between a current block of the video and a bitstream representation of the video,
regarding whether a multiple reference line (MRL) coding mode is enabled for the current block
or a signaling format of one or more reference line indexes is used for the MRL coding mode.
[00146] The method 1800 includes, at operation 1820, performing, based on the decision, the
conversion.

[00147] FIG. 19 is a flowchart for a method 1900 for video processing. The method 1900
includes, at operation 1910, selecting, upon a determination that an inter-intra mode and a
multiple reference line intra prediction (MRLIP) mode are enabled for a current block of video, a
line or a column that is non-adjacent to the current block for an intra prediction process of the
inter-intra mode.

[00148] The method 1900 includes, at operation 1920, performing, based on the line or the
column, a conversion between the current block and a bitstream representation of the video.
[00149] FIG. 20 is a flowchart for a method 2000 for video processing. The method 2000
includes, at operation 2010, performing, for a current block of a video coded using a multiple
reference line intra prediction (MRLIP) mode that uses a line that is non-adjacent to the current
block, a conversion between the current block and a bitstream representation of the video, the

MRLIP further using a most probable mode (MPM) list, and performing the conversion
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comprising replacing a first mode (M1) of the MPM list with a second mode (M2) of the MPM
list.

[00150] FIG. 21 1s a flowchart for a method 2100 for video processing. The method 2100
includes, at operation 2110, performing, for a current block of a video coded using a multiple
reference line intra prediction (MRLIP) mode that uses a line that is non-adjacent to the current
block, a conversion between the current block and a bitstream representation of the video, the
bitstream representation comprising a coded index of a mode in a fixed candidate list instead of a
coded index of a mode in a most probable mode (MPM) list.

[00151] FIG. 22 1s a flowchart for a method 2200 for video processing. The method 2200
includes, at operation 2210, determining, for a conversion between a current block of video and a
bitstream representation of the video using a multiple reference line (MRL) coding mode, that
the bitstream representation includes a first index corresponding to above rows used in a
prediction of the current block and a second index corresponding to left columns used in the
prediction.

[00152] The method 2200 includes, at operation 2220, performing, based on the determining, the
conversion.

[00153] FIG. 23 is a block diagram of a video processing apparatus 2300. The apparatus 2300 may
be used to implement one or more of the methods described herein. The apparatus 2300 may be
embodied in a smartphone, tablet, computer, Internet of Things (IoT) receiver, and so on. The
apparatus 2300 may include one or more processors 2302, one or more memories 2304 and video
processing hardware 2306. The processor(s) 2302 may be configured to implement one or more
methods described in the present document. The memory (memories) 2304 may be used for storing
data and code used for implementing the methods and techniques described herein. The video
processing hardware 2306 may be used to implement, in hardware circuitry, some techniques
described in the present document.

[00154] In some embodiments, the video coding methods may be implemented using an apparatus
that 1s implemented on a hardware platform as described with respect to FIG. 23.

[00155] Some embodiments of the disclosed technology include making a decision or
determination to enable a video processing tool or mode. In an example, when the video processing

tool or mode is enabled, the encoder will use or implement the tool or mode in the processing of a
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block of video, but may not necessarily modify the resulting bitstream based on the usage of the
tool or mode. That is, a conversion from the block of video to the bitstream representation of the
video will use the video processing tool or mode when it is enabled based on the decision or
determination. In another example, when the video processing tool or mode is enabled, the decoder
will process the bitstream with the knowledge that the bitstream has been modified based on the
video processing tool or mode. That is, a conversion from the bitstream representation of the video
to the block of video will be performed using the video processing tool or mode that was enabled
based on the decision or determination.

[00156] Some embodiments of the disclosed technology include making a decision or
determination to disable a video processing tool or mode. In an example, when the video
processing tool or mode is disabled, the encoder will not use the tool or mode in the conversion of
the block of video to the bitstream representation of the video. In another example, when the video
processing tool or mode is disabled, the decoder will process the bitstream with the knowledge
that the bitstream has not been modified using the video processing tool or mode that was enabled
based on the decision or determination.

[00157] FIG. 24 is a block diagram showing an example video processing system 2400 in which
various techniques disclosed herein may be implemented. Various implementations may include
some or all of the components of the system 2400. The system 2400 may include input 2402 for
receiving video content. The video content may be received in a raw or uncompressed format, e.g.,
8 or 10 bit multi-component pixel values, or may be in a compressed or encoded format. The input
2402 may represent a network interface, a peripheral bus interface, or a storage interface. Examples
of network interface include wired interfaces such as Ethernet, passive optical network (PON), etc.
and wireless interfaces such as Wi-Fi or cellular interfaces.

[00158] The system 2400 may include a coding component 2404 that may implement the various
coding or encoding methods described in the present document. The coding component 2404 may
reduce the average bitrate of video from the input 2402 to the output of the coding component
2404 to produce a coded representation of the video. The coding techniques are therefore
sometimes called video compression or video transcoding techniques. The output of the coding
component 2404 may be either stored, or transmitted via a communication connected, as

represented by the component 2406. The stored or communicated bitstream (or coded)
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representation of the video received at the input 2402 may be used by the component 2408 for
generating pixel values or displayable video that is sent to a display interface 2410. The process
of generating user-viewable video from the bitstream representation is sometimes called video
decompression. Furthermore, while certain video processing operations are referred to as “coding”
operations or tools, it will be appreciated that the coding tools or operations are used at an encoder
and corresponding decoding tools or operations that reverse the results of the coding will be
performed by a decoder.

[00159] Examples of a peripheral bus interface or a display interface may include universal serial
bus (USB) or high definition multimedia interface (HDMI) or Displayport, and so on. Examples
of storage interfaces include SATA (serial advanced technology attachment), PCL, IDE interface,
and the like. The techniques described in the present document may be embodied in various
electronic devices such as mobile phones, laptops, smartphones or other devices that are capable
of performing digital data processing and/or video display.

[00160] It will be appreciated that several techniques have been disclosed that will benefit video
encoder and decoder embodiments incorporated within video processing devices such as
smartphones, laptops, desktops, and similar devices by allowing the use of intra coding tool in
encoding or decoding of video or images.

[00161] In some embodiments, the following technical solutions be may implemented:

[00162] Al. A method of video processing, comprising: determining, for a current block of video,
that at least one of a first coding mode in which pulse code modulation (PCM) is used or a second
coding mode in which multiple reference line based intra prediction (MRLIP) is used is enabled,
and performing, based on the first coding mode or the second coding mode, a conversion between
the current block and a bitstream representation of the video, wherein a first indication indicative
of use of the first coding mode and/or a second indication indicative of use of the second coding
mode are included in the bitstream representation according to an ordering rule.

[00163] A2. The method of solution A1, wherein the ordering rule specifies that the first indication
1s in the bitstream representation before the second indication in a decoding order.

[00164] A3. The method of solution A1, wherein the bitstream representation omits a reference
line index used for the second coding mode upon a determination that the first coding mode is

enabled.
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[00165] A4. The method of solution A1, wherein the bitstream representation further comprises a
reference line index used for the second coding mode upon a determination that the first coding
mode is disabled.

[00166] AS. The method of solution Al, wherein the bitstream representation omits the first
indication upon a determination that the bitstream representation comprises the second indication.
[00167] A6. The method of solution A1, wherein an adaptive loop filter (ALF) process for the
current block is disabled upon a determination that the first coding mode is enabled.

[00168] A7. The method of solution A6, wherein whether an indication of the ALF process is
included in the bitstream representation or not is based on the first indication.

[00169] A8. The method of solution A6, wherein whether the first indication is included in the
bitstream representation or not is based on an indication of the ALF process.

[00170] A9. The method of solution A6, wherein the first indication is signaled in the bitstream
representation prior to an indication of the ALF process upon a determination that a size of the
current block is equal to a size of a coding tree unit (CTU).

[00171] A10. The method of solution A6, wherein the first indication is signaled in the bitstream
representation prior to an indication of a sample adaptive offset (SAQO) process upon a
determination that a size of the current block is equal to a size of a coding tree unit (CTU).
[00172] A11. The method of any of solutions Al to A10, wherein pcm_loop_filter disabled flag
=1.

[00173] A12. A method of video processing, comprising: determining, for a conversion between
a current block of video and a bitstream representation of the video, based on a color component
representation of the video, at least one flag associated with a coding mode based on a pulse code
modulation of the current block; and performing, based on the determining, the conversion.
[00174] A13. The method of solution A12, wherein the at least one flag is based on whether
separate partition tree structures are used for each component of the color component
representation.

[00175] A14. The method of solution A12, wherein the at least one flag comprises a first flag for
a luma component of the color component representation, and wherein the at least one flag further

comprises a second flag for a chroma component of the color component representation.



WO 2020/103931 PCT/CN2019/120266
40

[00176] A15. The method of solution A12, wherein the color component representation comprises
three color components, and wherein the at least one flag comprises three flags for each of the
three color components.

[00177] A16. The method of solution A12, wherein the at least one flag comprises an indication
of enabling the pulse code modulation that corresponds to an indication of enabling the pulse code
modulation for each component of the color component representation.

[00178] A17. The method of solution A16, wherein a filtering process for a component of the color
component representation is based on the indication of enabling the pulse code modulation for a
corresponding component of the color component representation.

[00179] A18. The method of solution A12, wherein the at least one flag comprises an indication
of enabling the pulse code modulation for a luma component of the color component representation,
and wherein an indication of enabling the pulse code modulation for a chroma component of the
color component representation is inherited from a location within the luma component.

[00180] A19. The method of solution A18, wherein the location is a center position of the luma
component.

[00181] A20. A method of video processing, comprising: performing a conversion between a
current block of a video region of a video and a bitstream representation of the video, wherein the
bitstream representation is formatted according to a rule regarding an applicability of a pulse code
modulation (PCM) to the current block, and wherein the rule specifies to omit an indication of the
PCM at a current block level upon a determination that an indication of disabling the PCM is
included at a video region level.

[00182] A21. The method of solution A20, wherein the indication of the PCM is signaled in a
video parameter set (VPS), a picture parameter set (PPS), a picture header, a slice header, a tile
group header, a tile, a coding tree unit (CTU) or a CTU row.

[00183] A22. A method of video processing, comprising: making a decision, based on a size of a
current block of video, regarding enabling a pulse code modulation (PCM) coding mode for the
current block; and performing, based on the decision, a conversion between the current block and
a bitstream representation of the video.

[00184] A23. The method of solution A22, wherein the PCM coding mode is enabled upon a

determination that the current block comprises less than 64 samples.
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[00185] A24. The method of solution A23, wherein the size of the current block is 4x4, 4x8 or
8x4.

[00186] A25. The method of solution A23, wherein a minimum block size for the current block
with a pcm_flag equal to 1 is set to ( log2 min_pem_luma_coding block size minus2 +2).
[00187] A26. The method of solution A22, wherein the PCM coding mode is enabled upon a
determination that the size of the current block is greater than or equal to 64x64.

[00188] A27. The method of solution A22, wherein the PCM coding mode is enabled upon a
determination that a size of a largest coding unit (LCU) is equal to 128x128.

[00189] A28. The method of solution A22, wherein the PCM coding mode is enabled, and wherein
an indication of a maximum or a minimum number of samples in the current block is signaled in
the bitstream representation.

[00190] A29. The method of solution A28, wherein the indication comprises a difference between
the maximum number of samples and the minimum number of samples.

[00191] A30. The method of solution A28, wherein the indication comprises a base-2 logarithm
of the maximum or the minimum number of samples.

[00192] A31. The method of solution A28, wherein the indication comprises a base-2 logarithm
of a difference between the maximum number of samples and the minimum number of samples.
[00193] A32. A method of video processing, comprising: determining, for a conversion between
a current block of a video and a bitstream representation of the video, a minimum allowed value
for a height or a width of the current block, wherein the minimum allowed value for the height is
signaled or derived separately from the minimum allowed value for the width; and performing,
based on the determining, the conversion.

[00194] A33. The method of solution A32, wherein the bitstream representation further comprises
a maximum allowed value for the height or the width, and wherein the maximum allowed value
for the height is signaled or derived separately from the maximum allowed value for the width.
[00195] A34. The method of solution A32, wherein the bitstream representation omits the
minimum allowed value for the height or the width, and wherein the minimum allowed value is

inherited from a minimum size of a coding unit (CU) block.
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[00196] A35. The method of solution A32, wherein the bitstream representation omits a maximum
allowed value for the height or the width, and wherein the maximum allowed value is inherited
from a maximum size of a coding unit (CU) block.

[00197] A36. The method of any of solutions A32 to A35, wherein the height is different from the
width.

[00198] A37. The method of solution A32, wherein the bitstream representation comprising an
indication of enabling a pulse code modulation (PCM) coding mode for the current block is based
on (a) the width of the current block being no smaller than the minimum allowed value for the
width and being no larger than a maximum allowed value for the width, or (b) the height of the
current block being no smaller than the minimum allowed value of the height and being no larger
than a maximum allowed value for the height.

[00199] A38. The method of solution A32 or 33, wherein a pulse code modulation (PCM) coding
mode for the current block is enabled.

[00200] A39. A method of video processing, comprising: configuring, upon a determination that
an indication of a current block of video being coded with a pulse code modulation (PCM) coding
mode is signaled in a bitstream representation of the video, a color component representation of
the video; and performing, based on the configuring, a conversion between the current block and
the bitstream representation.

[00201] A40. The method of solution A39, wherein an allowed size for each component of the
color component representation is signaled separately.

[00202] A41. The method of solution A39, wherein the configuring is based on a color sub-
sampling format of the color component representation.

[00203] A42. The method of solution A41, wherein the color sub-sampling format is 4:2:0 or 4:4:4.
[00204] A43. The method of any of solutions Al to A42, the conversion generates the current
block from the bitstream representation.

[00205] A44. The method of any of solutions Al to A42, wherein the conversion generates the
bitstream representation from the current block.

[00206] A45. The method of any of solutions Al to A42, wherein performing the conversion

comprises parsing the bitstream representation based on one or more decoding rules.



WO 2020/103931 PCT/CN2019/120266
43

[00207] A46. An apparatus in a video system comprising a processor and a non-transitory memory
with instructions thereon, wherein the instructions upon execution by the processor, cause the
processor to implement the method in any one of solutions Al to A45.

[00208] A47. A computer program product stored on a non-transitory computer readable media,
the computer program product including program code for carrying out the method in any one of
solutions Al to A45.

[00209] In some embodiments, the following technical solutions be may implemented:

[00210] B1. A method of video processing, comprising: determining, for a conversion between a
current block of video and a bitstream representation of the video, that a wide angular mode is
disabled for the conversion due to use of a non-adjacent reference line mode for the conversion;
and performing, based on the determining, the conversion, wherein the non-adjacent reference line
mode uses non-adjacent pixels from a reference line of the video for the conversion of the current
block, and wherein the wide angular mode comprises an intra prediction direction beyond the 45
degree to -135 degree conventional angular intra prediction direction.

[00211] B2. The method of solution B1, wherein the conversion skips a mapping between a
signaled mode and at least one index of the wide angular mode.

[00212] B3. A method of video processing, comprising: making a decision, based on a color sub-
sampling format of a video for a conversion between a current block of the video and a bitstream
representation of the video, regarding whether a multiple reference line (MRL) coding mode is
enabled for the current block or a signaling format of one or more reference line indexes is used
for the MRL coding mode; and performing, based on the decision, the conversion.

[00213] B4. The method of solution B3, wherein the MRL coding mode is enabled for three color
components of a color component representation of the video upon a determination that the color
sub-sampling format is 4:4:4.

[00214] B5. The method of solution B3, wherein a single reference line index of the one or more
reference line indexes is coded for three components of a color component representation of the
video.

[00215] B6. The method of solution B3, wherein a first reference line index of the one or more

reference line indexes is coded for a luma component of a color component representation of the
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video, and wherein a second reference line index is coded for two other color components of the
color component representation.

[00216] B7. The method of solution B3, wherein the one or more reference line indexes comprise
at least two reference line indexes that are coded using predictive coding.

[00217] B8. The method of solution B3, wherein the bitstream representation comprises a single
flag indicting that each of the one or more reference line indexes are identical.

[00218] B9. The method of solution B3, wherein the MRL coding mode is enabled, and wherein
different components of a color component representation of the video select different candidate
lines from the MRL coding mode.

[00219] B10. The method of solution B9, wherein Cb and Cr components of the color component
representation select the candidate lines from neighboring first and second lines.

[00220] B11. A method of video processing, comprising: selecting, upon a determination that an
inter-intra mode and a multiple reference line intra prediction (MRLIP) mode are enabled for a
current block of video, a line or a column that is non-adjacent to the current block for an intra
prediction process of the inter-intra mode; and performing, based on the line or the column, a
conversion between the current block and a bitstream representation of the video.

[00221] B12. The method of solution B11, wherein the bitstream representation comprises an
indication of the line or the column.

[00222] B13. The method of solution B11, wherein an indication of enabling the inter-intra mode
and the MRLIP mode is signaled in a sequence parameter set (SPS), a video parameter set (VPS),
a picture parameter set (PPS), a picture header, a slice header, a tile group header or a coding tree
unit (CTU).

[00223] B14. A method of video processing, comprising: performing, for a current block of a video
coded using a multiple reference line intra prediction (MRLIP) mode that uses a line that is non-
adjacent to the current block, a conversion between the current block and a bitstream representation
of the video, wherein the MRLIP further uses a most probable mode (MPM) list, and wherein
performing the conversion comprises replacing a first mode (M1) of the MPM list with a second
mode (M2) of the MPM list.

[00224] B15. The method of solution B14, wherein the first mode is a DC mode, a planar mode,

a wide angular mode, or any non-angular mode.
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[00225] B16. The method of solution B14, wherein deriving the second mode is based on
remaining modes in the MPM list.

[00226] B17. A method of video processing, comprising: performing, for a current block of a video
coded using a multiple reference line intra prediction (MRLIP) mode that uses a line that is non-
adjacent to the current block, a conversion between the current block and a bitstream representation
of the video, wherein the bitstream representation comprises a coded index of a mode in a fixed
candidate list instead of a coded index of a mode in a most probable mode (MPM) list.

[00227] B18. The method of solution B17, wherein the fixed candidate list comprises horizontal
modes or vertical modes.

[00228] B19. The method of solution B17, wherein the fixed candidate list is predetermined.
[00229] B20. The method of solution B17, wherein the fixed candidate list is signaled in a
sequence parameter set (SPS), a video parameter set (VPS), a picture parameter set (PPS), a picture
header, a slice header, a tile group header or a coding tree unit (CTU).

[00230] B21. The method of solution B17, wherein the fixed candidate list is based on a height or
a width of the current block.

[00231] B22. A method of video processing, comprising: determining, for a conversion between
a current block of video and a bitstream representation of the video using a multiple reference line
(MRL) coding mode, that the bitstream representation includes a first index corresponding to
above rows used in a prediction of the current block and a second index corresponding to left
columns used in the prediction; and performing, based on the determining, the conversion.
[00232] B23. The method of solution B22, wherein different values of the first index and the
second index correspond to different sets of allowed intra prediction modes.

[00233] B24. The method of solution B23, wherein the different sets of allowed intra prediction
modes are predetermined.

[00234] B25. The method of solution B23, wherein the different sets of allowed intra prediction
modes are signaled in a sequence parameter set (SPS), a video parameter set (VPS), a picture
parameter set (PPS), a picture header, a slice header, a tile group header or a coding tree unit (CTU).
[00235] B26. The method of any of solutions B1 to B25, the conversion generates the current

block from the bitstream representation.
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[00236] B27. The method of any of solutions B1 to B25, wherein the conversion generates the
bitstream representation from the current block.

[00237] B28. An apparatus in a video system comprising a processor and a non-transitory memory
with instructions thereon, wherein the instructions upon execution by the processor, cause the
processor to implement the method in any one of solutions B1 to B27.

[00238] B29. A computer program product stored on a non-transitory computer readable media,
the computer program product including program code for carrying out the method in any one of
solutions B1 to B27.

[00239] The various rules described in the present document may be pre-specified and stored in
embodiments in the form of instructions, code or hardware circuits. A bitstream representation of
a current video block may include contiguous or non-contiguous bits, as defined by a format for
the bitstream. For example, some information pertaining to the current video block may be stored
in a header field in the bitstream representation.

[00240] The disclosed and other solutions, examples, embodiments, modules and the functional
operations described in this document can be implemented in digital electronic circuitry, or in
computer software, firmware, or hardware, including the structures disclosed in this document
and their structural equivalents, or in combinations of one or more of them. The disclosed and
other embodiments can be implemented as one or more computer program products, i.e., one or
more modules of computer program instructions encoded on a computer readable medium for
execution by, or to control the operation of, data processing apparatus. The computer readable
medium can be a machine-readable storage device, a machine-readable storage substrate, a
memory device, a composition of matter effecting a machine-readable propagated signal, or a
combination of one or more them. The term “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, including by way of example a
programmable processor, a computer, or multiple processors or computers. The apparatus can
include, in addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them. A

propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,
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or electromagnetic signal, that is generated to encode information for transmission to suitable
receiver apparatus.

[00241] A computer program (also known as a program, software, software application, script,
or code) can be written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for use in a computing environment. A
computer program does not necessarily correspond to a file in a file system. A program can be
stored in a portion of a file that holds other programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules, sub programs, or portions of code).
A computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

[00242] The processes and logic flows described in this document can be performed by one or
more programmable processors executing one or more computer programs to perform functions
by operating on input data and generating output. The processes and logic flows can also be
performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (application specific integrated circuit).
[00243] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a
read only memory or a random-access memory or both. The essential elements of a computer
are a processor for performing instructions and one or more memory devices for storing
instructions and data. Generally, a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more mass storage devices for storing data,
e.g., magnetic, magneto optical disks, or optical disks. However, a computer need not have such
devices. Computer readable media suitable for storing computer program instructions and data
include all forms of non-volatile memory, media and memory devices, including by way of
example semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices;

magnetic disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD
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ROM and DVD-ROM disks. The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

[00244]  While this patent document contains many specifics, these should not be construed
as limitations on the scope of any subject matter or of what may be claimed, but rather as
descriptions of features that may be specific to particular embodiments of particular techniques.
Certain features that are described in this patent document in the context of separate
embodiments can also be implemented in combination in a single embodiment. Conversely,
various features that are described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any suitable subcombination. Moreover,
although features may be described above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed combination can in some cases be excised
from the combination, and the claimed combination may be directed to a subcombination or
variation of a subcombination.

[00245] Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve desirable
results. Moreover, the separation of various system components in the embodiments described
in this patent document should not be understood as requiring such separation in all
embodiments.

[00246] Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and illustrated in this patent

document.
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CLAIMS

1. A method of video processing, comprising;

determining, for a current block of video, that at least one of a first coding mode in which
pulse code modulation (PCM) is used or a second coding mode in which multiple reference line
based intra prediction (MRLIP) is used is enabled; and

performing, based on the first coding mode or the second coding mode, a conversion
between the current block and a bitstream representation of the video,

wherein a first indication indicative of use of the first coding mode and/or a second
indication indicative of use of the second coding mode are included in the bitstream

representation according to an ordering rule.

2. The method of claim 1, wherein the ordering rule specifies that the first indication is in

the bitstream representation before the second indication in a decoding order.

3. The method of claim 1, wherein the bitstream representation omits a reference line index

used for the second coding mode upon a determination that the first coding mode is enabled.

4, The method of claim 1, wherein the bitstream representation further comprises a
reference line index used for the second coding mode upon a determination that the first coding

mode is disabled.

5. The method of claim 1, wherein the bitstream representation omits the first indication

upon a determination that the bitstream representation comprises the second indication.

6. The method of claim 1, wherein an adaptive loop filter (ALF) process for the current

block is disabled upon a determination that the first coding mode is enabled.

7. The method of claim 6, wherein whether an indication of the ALF process is included in

the bitstream representation or not is based on the first indication.

8. The method of claim 6, wherein whether the first indication is included in the bitstream

representation or not is based on an indication of the ALF process.
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9. The method of claim 6, wherein the first indication is signaled in the bitstream
representation prior to an indication of the ALF process upon a determination that a size of the

current block is equal to a size of a coding tree unit (CTU).

10. The method of claim 6, wherein the first indication is signaled in the bitstream
representation prior to an indication of a sample adaptive offset (SAO) process upon a

determination that a size of the current block is equal to a size of a coding tree unit (CTU).
11. The method of any of claims 1 to 10, wherein pcm_loop_filter disabled flag=1.

12. A method of video processing, comprising:

determining, for a conversion between a current block of video and a bitstream
representation of the video, based on a color component representation of the video, at least one
flag associated with a coding mode based on a pulse code modulation of the current block; and

performing, based on the determining, the conversion.

13. The method of claim 12, wherein the at least one flag 1s based on whether separate

partition tree structures are used for each component of the color component representation.

14. The method of claim 12, wherein the at least one flag comprises a first flag for a luma
component of the color component representation, and wherein the at least one flag further

comprises a second flag for a chroma component of the color component representation.

15. The method of claim 12, wherein the color component representation comprises three
color components, and wherein the at least one flag comprises three flags for each of the three

color components.

16. The method of claim 12, wherein the at least one flag comprises an indication of enabling
the pulse code modulation that corresponds to an indication of enabling the pulse code

modulation for each component of the color component representation.

17. The method of claim 16, wherein a filtering process for a component of the color
component representation is based on the indication of enabling the pulse code modulation for a

corresponding component of the color component representation.
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18. The method of claim 12, wherein the at least one flag comprises an indication of enabling
the pulse code modulation for a luma component of the color component representation, and
wherein an indication of enabling the pulse code modulation for a chroma component of the

color component representation is inherited from a location within the luma component.
19. The method of claim 18, wherein the location is a center position of the luma component.

20. A method of video processing, comprising;

performing a conversion between a current block of a video region of a video and a
bitstream representation of the video,

wherein the bitstream representation is formatted according to a rule regarding an
applicability of a pulse code modulation (PCM) to the current block, and

wherein the rule specifies to omit an indication of the PCM at a current block level upon

a determination that an indication of disabling the PCM is included at a video region level.

21. The method of claim 20, wherein the indication of the PCM 1is signaled in a video
parameter set (VPS), a picture parameter set (PPS), a picture header, a slice header, a tile group

header, a tile, a coding tree unit (CTU) or a CTU row.

22. A method of video processing, comprising;

making a decision, based on a size of a current block of video, regarding enabling a pulse
code modulation (PCM) coding mode for the current block; and

performing, based on the decision, a conversion between the current block and a

bitstream representation of the video.

23. The method of claim 22, wherein the PCM coding mode is enabled upon a determination

that the current block comprises less than 64 samples.
24. The method of claim 23, wherein the size of the current block 1s 4x4, 4x8 or 8x4.

25. The method of claim 23, wherein a minimum block size for the current block with a

pcm_flag equal to 1 is set to ( log2 min_pcm_luma coding block size minus2 +2).
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26. The method of claim 22, wherein the PCM coding mode is enabled upon a determination

that the size of the current block is greater than or equal to 64x64.

27. The method of claim 22, wherein the PCM coding mode is enabled upon a determination

that a size of a largest coding unit (LCU) is equal to 128x128.

28. The method of claim 22, wherein the PCM coding mode is enabled, and wherein an
indication of a maximum or a minimum number of samples in the current block is signaled in the

bitstream representation.

29. The method of claim 28, wherein the indication comprises a difference between the

maximum number of samples and the minimum number of samples.

30. The method of claim 28, wherein the indication comprises a base-2 logarithm of the

maximum or the minimum number of samples.

31. The method of claim 28, wherein the indication comprises a base-2 logarithm of a

difference between the maximum number of samples and the minimum number of samples.

32. A method of video processing, comprising;

determining, for a conversion between a current block of a video and a bitstream
representation of the video, a minimum allowed value for a height or a width of the current
block, wherein the minimum allowed value for the height is signaled or derived separately from
the minimum allowed value for the width; and

performing, based on the determining, the conversion.

33. The method of claim 32, wherein the bitstream representation further comprises a
maximum allowed value for the height or the width, and wherein the maximum allowed value

for the height is signaled or derived separately from the maximum allowed value for the width.

34. The method of claim 32, wherein the bitstream representation omits the minimum
allowed value for the height or the width, and wherein the minimum allowed value is inherited

from a minimum size of a coding unit (CU) block.
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35. The method of claim 32, wherein the bitstream representation omits a maximum allowed
value for the height or the width, and wherein the maximum allowed value is inherited from a

maximum size of a coding unit (CU) block.
36. The method of any of claims 32 to 35, wherein the height is different from the width.

37. The method of claim 32, wherein the bitstream representation comprising an indication of
enabling a pulse code modulation (PCM) coding mode for the current block is based on

(a) the width of the current block being no smaller than the minimum allowed value for
the width and being no larger than a maximum allowed value for the width, or

(b) the height of the current block being no smaller than the minimum allowed value of

the height and being no larger than a maximum allowed value for the height.

38. The method of claim 32 or 33, wherein a pulse code modulation (PCM) coding mode for

the current block is enabled.

39. A method of video processing, comprising;

configuring, upon a determination that an indication of a current block of video being
coded with a pulse code modulation (PCM) coding mode is signaled in a bitstream representation
of the video, a color component representation of the video; and

performing, based on the configuring, a conversion between the current block and the

bitstream representation.

40. The method of claim 39, wherein an allowed size for each component of the color

component representation is signaled separately.

41. The method of claim 39, wherein the configuring is based on a color sub-sampling format

of the color component representation.
42. The method of claim 41, wherein the color sub-sampling format is 4:2:0 or 4:4:4.

43, The method of any of claims 1 to 42, the conversion generates the current block from the

bitstream representation.
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44, The method of any of claims 1 to 42, wherein the conversion generates the bitstream
representation from the current block.
45. The method of any of claims 1 to 42, wherein performing the conversion comprises

parsing the bitstream representation based on one or more decoding rules.

46. An apparatus in a video system comprising a processor and a non-transitory memory with
instructions thereon, wherein the instructions upon execution by the processor, cause the

processor to implement the method recited in one or more of claims 1 to 45.

47. A computer program product stored on a non-transitory computer readable media, the
computer program product including program code for carrying out the method recited in one or

more of claims 1 to 45.



