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METHOD AND SYSTEM FOR SIGNALING CHROMA
QUANTIZATION PARAMETER TABLE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure claims priority to US provisional application No.
62/894,673, filed on August 30, 2019, which is incorporated herein by reference in its

entirety.

BACKGROUND

[0002] A video is a set of static pictures (or “frames™) capturing the visual
information. To reduce the storage memory and the transmission bandwidth, a video can be
compressed before storage or transmission and decompressed before display. The
compression process is usually referred to as encoding and the decompression process is
usually referred to as decoding. There are various video coding formats which use
standardized video coding technologies, most commonly based on prediction, transform,
quantization, entropy coding and in-loop filtering. The video coding standards, such as the
High Efficiency Video Coding (HEVC/H.265) standard, the Versatile Video Coding
(VVC/H.266) standard AVS standards, specifying the specific video coding formats, are
developed by standardization organizations. With more and more advanced video coding
technologies being adopted in the video standards, the coding efficiency of the new video

coding standards get higher and higher.

SUMMARY OF THE DISCLOSURE

{0003] The embodiments of the present disclosure provide methods for signaling
chroma quantization (QP) parameter table in video data processing. According to some
exemplary embodiments, a video decoding method includes: receiving a bitstream of video

data; determining whether a luma-to-chroma QP mapping table is signaled, based on a first
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flag in the bitstream; and in response to the first flag being a first value, determining the
signaled luma-to-chroma QP mapping table based on the bitstream.

[0004] According to some other embodiments, a system for video decoding includes a
memory configured to store instructions and one or more processors coupled to the memory.
The one or more processors can be configured to execute the instructions to cause the system
to: receive a bitstream of video data, determine whether a luma-to-chroma QP mapping table
is signaled, based on a first flag in the bitstream, and in response to the first flag being a first
value, determine the signaled luma-to-chroma QP mapping table based on the bitstream.

[0005] According to some other embodiments, a non-transitory computer-readable
storage medium stores a set of instructions that are executable by one or more processors.
The execution of the set of the instructions causes a device to perform: receiving a bitstream
of video data; determining whether a luma-to-chroma QP mapping table is signaled, based on
a first flag in the bitstream; and in response to the first flag being a first value, determining

the signaled luma-to-chroma QP mapping table based on the bitstream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments and various aspects of the present disclosure are illustrated in
the following detailed description and the accompanying figures. Various features shown in
the figures are not drawn to scale.

[0007] FIG. 1 is a schematic diagram illustrating structures of an example video
sequence, according to some embodiments of the present disclosure.

[0008] FIG. 2 illustrates a schematic diagram of an exemplary encoder in a hybrid
video coding system, according to some embodiments of the present disclosure.

[0009] FIG. 3 illustrates a schematic diagram of an exemplary decoder in a hybrid

video coding system, according to some embodiments of the present disclosure.
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[06010] FIG. 4 illustrates a block diagram of an exemplary apparatus for encoding or
decoding a video, according to some embodiments of the present disclosure.

[0011] FIG. § illustrates an exemplary Table 1 showing specification of QpC as a
function of qPi for ChromaArrayType equal to 1 in VVC draft.

[0012] FIG. 6 illustrates an exemplary Table 2 showing syntax structure of signaling
the chroma quantization parameter (QP) tables in VVC draft.

[0013] FIG. 7 illustrates an exemplary chroma QP mapping relationship, according to
some embodiments of the present disclosure.

[0014] FIG. 8 illustrates an exemplary Table 3 showing derivation of the chroma QP
tables in VVC draft.

[0015] FIG. 9 illustrates an exemplary Table 4, according to some embodiments of
the present disclosure.

[0016] FIG. 10 illustrates an exemplary Table 5, according to some embodiments of
the present disclosure.

[0017] FIG. 11 illustrates an exemplary Table 6, according to some embodiments of
the present disclosure.

[0018] FIG. 12 illustrates an exemplary Table 7, according to some embodiments of
the present disclosure.

[0019] FIG. 13 illustrates an exemplary Table 8, according to some embodiments of
the present disclosure.

[0020] FIG. 14 illustrates an exemplary Table 9, according to some embodiments of
the present disclosure.

[0021] FIG. 15 illustrates an exemplary Table 10, according to some embodiments of

the present disclosure.
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[06022] FIG. 16 illustrates an exemplary Table 11, according to some embodiments of
the present disclosure.

[0023] FIG. 17 illustrates an exemplary Table 12, according to some embodiments of
the present disclosure.

[0024] FIG. 18 illustrates an exemplary derivation of a chroma QP table, according to
some embodiments of the present disclosure.

[0025] FIG. 19 illustrates an exemplary Table 13, according to some embodiments of
the present disclosure.

[0026] FIG. 20 illustrates an exemplary Table 14, according to some embodiments of
the present disclosure.

[0027] FIG. 21 illustrates an exemplary Table 15, according to some embodiments of
the present disclosure.

[0028] FIG. 22 illustrates an exemplary Table 16, according to some embodiments of
the present disclosure.

[0029] FIG. 23 illustrates an exemplary Table 17, according to some embodiments of
the present disclosure.

[0030] FIG. 24 illustrates an exemplary Table 18, according to some embodiments of
the present disclosure.

[0031] FIG. 25 illustrates a flowchart of a first exemplary video decoding method,
according to some embodiments of the present disclosure.

[0032] FIG. 26 illustrates a flowchart of a second exemplary video decoding method,
according to some embodiments of the present disclosure.

[0033] FIG. 27 illustrates a flowchart of a third exemplary video decoding method,

according to some embodiments of the present disclosure.
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[0034] FIG. 28 illustrates a flowchart of a fourth exemplary video decoding method,
according to some embodiments of the present disclosure.

[0035] FIG. 29 illustrates a flowchart of a fifth exemplary video decoding method,
according to some embodiments of the present disclosure.

[0036] FIG. 30 illustrates a flowchart of a sixth exemplary video decoding method,
according to some embodiments of the present disclosure.

[0037] FIG. 31 illustrates a flowchart of a first exemplary video processing method,
according to some embodiments of the present disclosure.

[0038] FIG. 32 illustrates a flowchart of a second exemplary video processing
method, according to some embodiments of the present disclosure.

[0039] FIG. 33 illustrates a flowchart of a third exemplary video processing method,
according to some embodiments of the present disclosure.

[0040] FIG. 34 illustrates a flowchart of a fourth exemplary video processing
method, according to some embodiments of the present disclosure.

[0041] FIG. 35 illustrates a flowchart of a fifth exemplary video processing method,
according to some embodiments of the present disclosure.

[0042] FIG. 36 illustrates a flowchart of a sixth exemplary video processing method,

according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0043] Reference will now be made in detail to exemplary embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to the
accompanying drawings in which the same numbers in different drawings represent the same
or similar elements unless otherwise represented. The implementations set forth in the
following description of exemplary embodiments do not represent all implementations

consistent with the invention. Instead, they are merely examples of apparatuses and methods
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consistent with aspects related to the invention as recited in the appended claims. Particular
aspects of the present disclosure are described in greater detail below. The terms and
definitions provided herein control, if in conflict with terms and/or definitions incorporated
by reference.

[0044] The Joint Video Experts Team (JVET) of the ITU-T Video Coding Expert
Group (ITU-T VCEG) and the ISO/IEC Moving Picture Expert Group (ISO/IEC MPEG) is
currently developing the Versatile Video Coding (VVC/H.266) standard. The VVC standard
is aimed at doubling the compression efficiency of its predecessor, the High Efficiency Video
Coding (HEVC/H.265) standard. In other words, VVC’s goal is to achieve the same
subjective quality as HEVC/H.265 using half the bandwidth.

[0045] In order to achieve the same subjective quality as HEVC/H.265 using half the
bandwidth, the JVET has been developing technologies beyond HEVC using the joint
exploration model (JEM) reference software. As coding technologies were incorporated into
the JEM, the JEM achieved substantially higher coding performance than HEVC.

[0046] The VVC standard has been developed recent, and continues to include more
coding technologies that provide better compression performance. VVC is based on the same
hybrid video coding system that has been used in modern video compression standards such
as HEVC, H.264/AVC, MPEG2, H.263, etc.

[0047] A video is a set of static pictures (or “frames”) arranged in a temporal
sequence to store visual information. A video capture device (e.g., a camera) can be used to
capture and store those pictures in a temporal sequence, and a video playback device (e.g., a
television, a computer, a smartphone, a tablet computer, a video player, or any end-user
terminal with a function of display) can be used to display such pictures in the temporal

sequence. Also, in some applications, a video capturing device can transmit the captured
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video to the video playback device (e.g., a computer with a monitor) in real-time, such as for
surveillance, conferencing, or live broadcasting.

[0048] For reducing the storage space and the transmission bandwidth needed by such
applications, the video can be compressed before storage and transmission and decompressed
before the display. The compression and decompression can be implemented by software
executed by a processor (e.g., a processor of a generic computer) or specialized hardware.
The module for compression is generally referred to as an “encoder,” and the module for
decompression is generally referred to as a “decoder.” The encoder and decoder can be
collectively referred to as a “codec.” The encoder and decoder can be implemented as any of
a variety of suitable hardware, software, or a combination thereof. For example, the hardware
implementation of the encoder and decoder can include circuitry, such as one or more
microprocessors, digital signal processors (DSPs), application-specific integrated circuits
(ASICs), field-programmable gate arrays (FPGAs), discrete logic, or any combinations
thereof. The software implementation of the encoder and decoder can include program codes,
computer-executable instructions, firmware, or any suitable computer-implemented algorithm
or process fixed in a computer-readable medium. Video compression and decompression can
be implemented by various algorithms or standards, such as MPEG- 1, MPEG-2, MPEG-4,
H.26x series, or the like. In some applications, the codec can decompress the video from a
first coding standard and re-compress the decompressed video using a second coding
standard, in which case the codec can be referred to as a “transcoder.”

[0049] The video encoding process can identify and keep useful information that can
be used to reconstruct a picture and disregard unimportant information for the reconstruction.
If the disregarded, unimportant information cannot be fully reconstructed, such an encoding

process can be referred to as “lossy.” Otherwise, it can be referred to as “lossless.” Most
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encoding processes are lossy, which is a tradeoff to reduce the needed storage space and the
transmission bandwidth.

[0050] The useful information of a picture being encoded (referred to as a “current
picture”) include changes with respect to a reference picture (e.g., a picture previously
encoded and reconstructed). Such changes can include position changes, luminosity changes,
or color changes of the pixels, among which the position changes are mostly concerned.
Position changes of a group of pixels that represent an object can reflect the motion of the
object between the reference picture and the current picture.

[0051] A picture coded without referencing another picture (i.e., it is its own
reference picture) is referred to as an “I-picture.” A picture coded using a previous picture as
a reference picture is referred to as a “P-picture.” A picture coded using both a previous
picture and a future picture as reference pictures (i.e., the reference is “bi-directional”) is
referred to as a “B-picture.”

[0052] FIG. 1 illustrates structures of an example video sequence 100, according to
some embodiments of the present disclosure. Video sequence 100 can be a live video or a
video having been captured and archived. Video 100 can be a real-life video, a computer-
generated video (e.g., computer game video), or a combination thereof (e.g., a real-life video
with augmented-reality effects). Video sequence 100 can be inputted from a video capture
device (e.g., a camera), a video archive (e.g., a video file stored in a storage device)
containing previously captured video, or a video feed interface (e.g., a video broadcast
transceiver) to receive video from a video content provider.

[0053] As shown in FIG. 1, video sequence 100 can include a series of pictures
arranged temporally along a timeline, including pictures 102, 104, 106, and 108. Pictures
102-106 are continuous, and there are more pictures between pictures 106 and 108. In FIG.

1, picture 102 is an I-picture, the reference picture of which is picture 102 itself. Picture 104
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is a P-picture, the reference picture of which is picture 102, as indicated by the arrow. Picture
106 is a B-picture, the reference pictures of which are pictures 104 and 108, as indicated by
the arrows. In some embodiments, the reference picture of a picture (e.g., picture 104) can be
not immediately preceding or following the picture. For example, the reference picture of
picture 104 can be a picture preceding picture 102. It should be noted that the reference
pictures of pictures 102-106 are only examples, and the present disclosure does not limit
embodiments of the reference pictures as the examples shown in FIG. 1.

[0054] Typically, video codecs do not encode or decode an entire picture at one time
due to the computing complexity of such tasks. Rather, they can split the picture into basic
segments, and encode or decode the picture segment by segment. Such basic segments are
referred to as basic processing units (“BPUs”) in the present disclosure. For example,
structure 110 in FIG. 1 shows an example structure of a picture of video sequence 100 (e.g.,
any of pictures 102-108). In structure 110, a picture is divided into 4x4 basic processing
units, the boundaries of which are shown as dash lines. In some embodiments, the basic
processing units can be referred to as “macroblocks” in some video coding standards (e.g.,
MPEG family, H.261, H.263, or H.264/AVC), or as “coding tree units” (“CTUs”) in some
other video coding standards (e.g., H.265/HEVC or H.266/VVC). The basic processing units
can have variable sizes in a picture, such as 128x128, 64x64, 32x32, 16x16, 4x8, 16x32, or
any arbitrary shape and size of pixels. The sizes and shapes of the basic processing units can
be selected for a picture based on the balance of coding efficiency and levels of details to be
kept in the basic processing unit.

[0055] The basic processing units can be logical units, which can include a group of
different types of video data stored in a computer memory (e.g., in a video frame buffer). For
example, a basic processing unit of a color picture can include a luma component (Y)

representing achromatic brightness information, one or more chroma components (e.g., Cb



WO 2021/040907 PCT/US2020/042739

and Cr) representing color information, and associated syntax elements, in which the luma
and chroma components can have the same size of the basic processing unit. The luma and
chroma components can be referred to as “coding tree blocks” (“CTBs”) in some video
coding standards (e.g., H.265/HEVC or H.266/VVC). Any operation performed to a basic
processing unit can be repeatedly performed to each of its luma and chroma components.

[0056] Video coding has multiple stages of operations, examples of which are shown
in FIG. 2 and FIG. 3. For each stage, the size of the basic processing units can still be too
large for processing, and thus can be further divided into segments referred to as “basic
processing sub-units” in the present disclosure. In some embodiments, the basic processing
sub-units can be referred to as “blocks” in some video coding standards (e.g., MPEG family,
H.261, H.263, or H.264/AVC(), or as “coding units” (“CUs”) in some other video coding
standards (e.g., H.265/HEVC or H.266/VVC). A basic processing sub-unit can have the same
or smaller size than the basic processing unit. Similar to the basic processing units, basic
processing sub-units are also logical units, which can include a group of different types of
video data (e.g., Y, Cb, Cr, and associated syntax elements) stored in a computer memory
(e.g., in a video frame buffer). Any operation performed to a basic processing sub-unit can be
repeatedly performed to each of its luma and chroma components. It should be noted that
such division can be performed to further levels depending on processing needs. It should
also be noted that different stages can divide the basic processing units using different
schemes.

[0057] For example, at a mode decision stage (an example of which is shown in FIG.
2), the encoder can decide what prediction mode (e.g., intra-picture prediction or inter-picture
prediction) to use for a basic processing unit, which can be too large to make such a decision.

The encoder can split the basic processing unit into multiple basic processing sub-units (e.g.,

10
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CUs as in H.265/HEVC or H.266/VV(), and decide a prediction type for each individual
basic processing sub-unit.

[0058] For another example, at a prediction stage (an example of which is shown in
FIG. 2), the encoder can perform prediction operation at the level of basic processing sub-
units (e.g., CUs). However, in some cases, a basic processing sub-unit can still be too large to
process. The encoder can further split the basic processing sub-unit into smaller segments
(e.g., referred to as “prediction blocks” or “PBs” in H.265/HEVC or H.266/VV(), at the level
of which the prediction operation can be performed.

[0059] For another example, at a transform stage (an example of which is shown in
FIG. 2), the encoder can perform a transform operation for residual basic processing sub-
units (e.g., CUs). However, in some cases, a basic processing sub-unit can still be too large to
process. The encoder can further split the basic processing sub-unit into smaller segments
(e.g., referred to as “transform blocks™ or “TBs” in H.265/HEVC or H.266/VV(), at the level
of which the transform operation can be performed. It should be noted that the division
schemes of the same basic processing sub-unit can be different at the prediction stage and the
transform stage. For example, in H.265/HEVC or H.266/VVC, the prediction blocks and
transform blocks of the same CU can have different sizes and numbers.

[0060] In structure 110 of FIG. 1, basic processing unit 112 is further divided into
3%3 basic processing sub-units, the boundaries of which are shown as dotted lines. Different
basic processing units of the same picture can be divided into basic processing sub-units in
different schemes.

[0061] In some implementations, to provide the capability of parallel processing and
error resilience to video encoding and decoding, a picture can be divided into regions for
processing, such that, for a region of the picture, the encoding or decoding process can

depend on no information from any other region of the picture. In other words, each region of
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the picture can be processed independently. By doing so, the codec can process different
regions of a picture in parallel, thus increasing the coding efficiency. Also, when data of a
region is corrupted in the processing or lost in network transmission, the codec can correctly
encode or decode other regions of the same picture without reliance on the corrupted or lost
data, thus providing the capability of error resilience. In some video coding standards, a
picture can be divided into different types of regions. For example, H.265/HEVC and
H.266/VVC provide two types of regions: “slices” and “tiles.” It should also be noted that
different pictures of video sequence 100 can have different partition schemes for dividing a
picture into regions.

[0062] For example, in FIG. 1, structure 110 is divided into three regions 114, 116,
and 118, the boundaries of which are shown as solid lines inside structure 110. Region 114
includes four basic processing units. Each of regions 116 and 118 includes six basic
processing units. It should be noted that the basic processing units, basic processing sub-
units, and regions of structure 110 in FIG. 1 are only examples, and the present disclosure
does not limit embodiments thereof.

[0063] FIG. 2 illustrates a schematic diagram of an exemplary encoder 200 in a
hybrid video coding system, according to some embodiments of the present disclosure. Video
encoder 200 may perform intra- or inter-coding of blocks within video frames, including
video blocks, or partitions or sub-partitions of video blocks. Intra-coding may rely on spatial
prediction to reduce or remove spatial redundancy in video within a given video frame. Inter-
coding may rely on temporal prediction to reduce or remove temporal redundancy in video
within adjacent frames of a video sequence. Intra modes may refer to a number of spatial
based compression modes. Inter modes (such as uni-prediction or bi-prediction) may refer to

a number of temporal-based compression modes.

12
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[0064] Referring to FIG. 2, input video signal 202 may be processed block by block.
For example, the video block unit may be a 16x16 pixel block (e.g., a macroblock (MB)).
The size of the video block units may vary, depending on the coding techniques used, and the
required accuracy and efficiency. In HEVC, extended block sizes (e.g., a coding tree unit
(CTU)) may be used to compress video signals of resolution, e.g., 1080p and beyond. In
HEVC, a CTU may include up to 64x64 luma samples corresponding chroma samples, and
associated syntax elements. In VVC, the size of a CTU may be further increased to include
128x128 luma samples, corresponding chroma samples, and associated syntax elements. A
CTU can be further divided into coding units (CUs) using, for example, quad-tree, binary
tree, or ternary tree. A CU may be further partitioned into prediction units (PUs), for which
separate prediction methods may be applied. Each input video block may be processed by
using spatial prediction unit 260 or temporal prediction unit 262.

[0065] Spatial prediction unit 260 performs spatial prediction (e.g., intra prediction)
to the current block/CU using information on the same picture/slice containing the current
block. Spatial prediction may use pixels from the already coded neighboring blocks in the
same video picture frame/slice to predict the current video block. Spatial prediction may
reduce spatial redundancy inherent in the video signal.

[0066] Temporal prediction unit 262 performs temporal prediction (e.g., inter
prediction) to the current block using information from picture(s)/slice(s) different from the
picture/slice containing the current block. Temporal prediction for a video block may be
signaled by one or more motion vectors. In unit-directional temporal prediction, only one
motion vector indicating one reference picture is used to generate the prediction signal for the
current block. On the other hand, in bi-directional temporal prediction, two motion vectors,
each indicating a respective reference picture, can be used to generate the prediction signal

for the current block. The motion vectors may indicate the amount and the direction of
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motion between the current block and one or more associated block(s) in the reference
frames. If multiple reference pictures are supported, one or more reference picture indices
may be sent for a video block. The one or more reference indices may be used to identify
from which reference picture(s) in the reference picture store or decoded picture buffer
(DPB) 264, the temporal prediction signal may come.

[0067] Mode decision and encoder control unit 280 in the encoder may choose the
prediction mode, for example, based on rate-distortion optimization. Based on the determined
prediction mode, the prediction block can be obtained. The prediction block may be
subtracted from the current video block at adder 216. The prediction residual may be
transformed by transformation unit 204 and quantized by quantization unit 206. The
quantized residual coefficients may be inverse quantized at inverse quantization unit 210 and
inverse transformed at inverse transform unit 212 to form the reconstructed residual. The
reconstructed residual may be added to the prediction block at adder 226 to form the
reconstructed video block. The reconstructed video block before loop-filtering may be used
to provide reference samples for intra prediction.

[0068] The reconstructed video block may go through loop filtering at loop filter 266.
For example, loop filtering such as deblocking filter, sample adaptive offset (SAQO), and
adaptive loop filter (ALF) may be applied. The reconstructed block after loop filtering may
be stored in reference picture store 264 and can be used to provide inter prediction reference
samples for coding other video blocks. To form the output video bitstream 220, coding mode
(e.g., inter or intra), prediction mode information, motion information, and quantized residual
coefficients may be sent to the entropy coding unit 208 to further reduce the bit rate, before
the data are compressed and packed to form bitstream 220.

[0069] FIG. 3 illustrates a schematic diagram of an exemplary decoder 300 in a

hybrid video coding system, according to some embodiments of the present disclosure.
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Referring to FIG. 3, a video bitstream 302 may be unpacked or entropy decoded at entropy
decoding unit 308. The coding mode information can be used to determine whether the
spatial prediction unit 360 or the temporal prediction unit 362 is to be selected. The
prediction mode information can be sent to the corresponding prediction unit to generate the
prediction block. For example, motion compensated prediction may be applied by the
temporal prediction unit 362 to form the temporal prediction block.

[0070] The residual coefficients may be sent to inverse quantization unit 310 and
inverse transform unit 312 to obtain the reconstructed residual. The prediction block and the
reconstructed residual can be added together at 326 to form the reconstructed block before
loop filtering. The reconstructed block may then go through loop filtering at loop filer 366.
For example, loop filtering such as deblocking filter, SAO, and ALF may be applied. The
reconstructed block after loop filtering can then be stored in reference picture store 364. The
reconstructed data in the reference picture store 364 may be used to obtain decoded video
320, or used to predict future video blocks. Decoded video 320 may be displayed on a display
device, such as a TV, a PC, a smartphone, or a tablet to be viewed by the end-users.

[0071] FIG. 4 is a block diagram of an exemplary apparatus 400 for encoding or
decoding a video, according to some embodiments of the present disclosure. As shown in
FIG. 4, apparatus 400 can include processor 402. When processor 402 executes instructions
described herein, apparatus 400 can become a specialized machine for video encoding or
decoding. Processor 402 can be any type of circuitry capable of manipulating or processing
information. For example, processor 402 can include any combination of any number of a
central processing unit (or “CPU”), a graphics processing unit (or “GPU”), a neural
processing unit (“NPU”), a microcontroller unit (“MCU”), an optical processor, a
programmable logic controller, a microcontroller, a microprocessor, a digital signal

processor, an intellectual property (IP) core, a Programmable Logic Array (PLA), a
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Programmable Array Logic (PAL), a Generic Array Logic (GAL), a Complex Programmable
Logic Device (CPLD), a Field-Programmable Gate Array (FPGA), a System On Chip (SoC),
an Application-Specific Integrated Circuit (ASIC), or the like. In some embodiments,
processor 402 can also be a set of processors grouped as a single logical component. For
example, as shown in FIG. 4, processor 402 can include multiple processors, including
processor 402a, processor 402b, and processor 402n.

[0072] Apparatus 400 can also include memory 404 configured to store data (e.g., a
set of instructions, computer codes, intermediate data, or the like). For example, as shown in
FIG. 4, the stored data can include program instructions (e.g., program instructions for
implementing the stages in FIG. 2 or FIG. 3) and data for processing. Processor 402 can
access the program instructions and data for processing (e.g., via bus 410), and execute the
program instructions to perform an operation or manipulation on the data for processing.
Memory 404 can include a high-speed random-access storage device or a non-volatile storage
device. In some embodiments, memory 404 can include any combination of any number of a
random-access memory (RAM), a read-only memory (ROM), an optical disc, a magnetic
disk, a hard drive, a solid-state drive, a flash drive, a security digital (SD) card, a memory
stick, a compact flash (CF) card, or the like. Memory 404 can also be a group of memories
(not shown in FIG. 4) grouped as a single logical component.

[0073] Bus 410 can be a communication device that transfers data between
components inside apparatus 400, such as an internal bus (e.g., a CPU-memory bus), an
external bus (e.g., a universal serial bus port, a peripheral component interconnect express
port), or the like.

[0074] For ease of explanation without causing ambiguity, processor 402 and other
data processing circuits are collectively referred to as a “data processing circuit” in the

present disclosure. The data processing circuit can be implemented entirely as hardware, or as
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a combination of software, hardware, or firmware. In addition, the data processing circuit can
be a single independent module or can be combined entirely or partially into any other
component of apparatus 400.

[0075] Apparatus 400 can further include network interface 406 to provide wired or
wireless communication with a network (e.g., the Internet, an intranet, a local area network, a
mobile communications network, or the like). In some embodiments, network interface 406
can include any combination of any number of a network interface controller (NIC), a radio
frequency (RF) module, a transponder, a transceiver, a modem, a router, a gateway, a wired
network adapter, a wireless network adapter, a Bluetooth adapter, an infrared adapter, a near-
field communication (“NFC”) adapter, a cellular network chip, or the like.

[0076] In some embodiments, optionally, apparatus 400 can further include peripheral
interface 408 to provide a connection to one or more peripheral devices. As shown in FIG. 4,
the peripheral device can include, but is not limited to, a cursor control device (e.g., a mouse,
a touchpad, or a touchscreen), a keyboard, a display (e.g., a cathode-ray tube display, a liquid
crystal display, or a light-emitting diode display), a video input device (e.g., a camera or an
input interface coupled to a video archive), or the like.

[0077] It should be noted that video codecs can be implemented as any combination
of any software or hardware modules in apparatus 400. For example, some or all stages of
encoder 200 of FIG. 2 or decoder 300 of FIG. 3 can be implemented as one or more software
modules of apparatus 400, such as program instructions that can be loaded into memory 404.
For another example, some or all stages of encoder 200 of FIG. 2 or decoder 300 of FIG. 3
can be implemented as one or more hardware modules of apparatus 400, such as a specialized
data processing circuit (e.g., an FPGA, an ASIC, an NPU, or the like).

[0078] In the quantization and inverse quantization functional blocks (e.g.,

quantization unit 206 and inverse quantization unit 210 of FIG. 2, inverse quantization unit
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310 of FIG. 3), a quantization parameter (QP) is used to determine the amount of
quantization (and inverse quantization) applied to the prediction residuals. Initial QP values
used for coding of a picture or slice may be signaled at the high level, for example, using
init_gqp_minus26 syntax element in the Picture Parameter Set (PPS) and using slice_qp_delta
syntax element in the slice header. Further, the QP values may be adapted at the local level
for each CU using delta QP values sent at the granularity of quantization groups.

[0079] The luma component and the chroma components may use different QP
values. The chroma QP values are adjusted based on the luma QP value at the corresponding
level. At the picture or slice level, high level syntax elements in the Picture Parameter Set
(PPS) and the slice header are signaled to indicate how to adjust the luma QP value to derive
the chroma QP values. For example, syntax elements pps_cb_qp_offset and
slice_cb_qp_offset are sent for the Cb component and syntax elements
pps_cr_qp_offset and slice_cr_qp_offset are sent for the Cr component. Further, VVC
supports a coding tool called the joint CbCr residual coding, where the Cb and Cr prediction
residuals are coded together only once. For transform units coded using this joint CbCr
coding mode, the corresponding luma-to-chroma delta QP values are signaled using the PPS
and slice-header level syntax elements pps_joint_cber_qp_offset
and slice_joint_cber_qp_offset, respectively. Chroma delta QPs may also be signaled at the
local (e.g., CU or quantization group) level. For example, CuQpOffsetCb, CuQpOffsetc: and
CuQpOffsetcper can be signaled for the Cb, Cr components and joint CbCr coded blocks
respectively to represent the chroma QP adjustment at the CU or TU level.

[0080] Further, FIG. 5 illustrates an exemplary Table 1 showing specification of
QpC as a function of qPi for ChromaArrayType equal to 1 in VVC draft. A luma-to-chroma
mapping may be applied using Table 1, where the qPi denotes the input luma QP for a block

and Qpc denotes the corresponding chroma QP for that same block. The same mapping table
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has been used in the H.264 and HEVC standards, as well as in VVC until VVC draft 5. The
motivation for this mapping relationship is to let the chroma QP values increase more slowly
than the luma QP values for medium to high quantization level. This has previously been
shown to reduce chroma artifacts when medium to high quantization level is applied. After
this mapping is performed, the chroma QPs for the block are further adjusted according to the
PPS, slice-header and CU/TU level syntax elements.

[0081] Instead of using a fixed luma-to-chroma QP mapping table as in Table 1, a
number of contributions proposed more flexible signaling mechanisms for the luma-to-
chroma QP mapping table at the July 2019 JVET meeting. The method in that signals the
luma-to-chroma QP mapping tables using piece-wise linear functions was adopted in VVC
draft 6. For the rest of this disclosure, the luma-to-chroma QP mapping table is also referred
to as chroma QP table. FIG. 6 illustrates an exemplary Table 2 showing syntax structure of
signaling the chroma quantization parameter (QP) tables in VVC draft. In VVC draft 6, the
signaling mechanism shown in Table 2 is used to derive the chroma QP tables.

[0082] When ChromaArrayType is not 0, the syntax element
same_qp_table_for_chroma is coded to signal the number of chroma QP table. If syntax
element same_qp_table_for_chroma is equal to 1, only one chroma QP mapping table is
signaled and this table applies to Cb and Cr residuals as well as joint CbCr residuals.
Otherwise if syntax element same_qp_table_for_chroma is equal to 0, three chroma QP
mapping tables are signaled for Cb, Cr and joint CbCr separately.

[0083] Next, derivation of the chroma QP table is described. For the chroma QP table
(of any of Cb, Cr, or joint CbCr), the mapping relationship 500 is a piece-wise linear
function, for example, as illustrated in FIG. 7. To signal the mapping function, three syntax
elements for each of the piece in the piece-wise linear function are coded, including syntax

elements num_points_in_qp_table_minusl[i], delta_qp_in_val_minus1[i][j] and
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delta_qp_out_val[i][j], where i is the index of the chroma QP table (indicating if it’s for Cb,
Cr, or joint CbCr), and j is the number of the specified piece in the mapping function. Syntax
element num_points_in_qp_table_minusl plus 1 can specify the total number of points used
to describe the chroma QP mapping table. Each piece in the mapping function can be
represented by its corresponding control point and its previous control point (these “control
points” are marked using triangle in FIG. 7), and hence syntax element
num_points_in_qp_table_minus1[i] plus 1 can specify the number of pieces in the i-th
chroma QP table. Without loss of generality, the j-th piece of the i-th chroma mapping table
can be defined by the corresponding syntax elements delta_qp_in_val_minus1[i][j] and
delta_qp_out_val[i][j], where delta_qp_in_val_minus1[i] j] + 1 denotes the delta value of the
input coordinates of this piece and syntax element delta_qp_out_val[i][j] denotes the delta
value of the output coordinates of this piece.

[0084] FIG. 8 illustrates an exemplary Table 3 showing derivation of the chroma QP
tables in VVC draft. Table 3 shows the process to derive the i-th chroma QP mapping table
ChromaQpTable[i] fori =0 .. Syntax element same_qp_table_for_chroma ? 0 : 2. In Table 3,
the chroma QP is clipped between the range [-QpBdOffsetc, 63]. Here, QpBdOffsetc can
specify the value of the chroma quantization parameter range offset. QpBdOffsetc is

determined by the bit depth of the chroma samples BitDepthc as follows:

QpBdOffsetC = 6 * (BitDepthC — 8) ¢
[0085] For the example showed in FIG. 7, this mapping funtion can be represented
by the control points (32, 32) and (44, 41). For the i-th chroma QP table, the
delta_qp_in_val_minus1[i ][ 2 ] = {43, 11} and delta_qp_out_val[ i ][ 2 | = {44, 9}.
[0086] The above signaling method of chroma QP tables supports one table applied to
all the Cb, Cr and joint CbCr residuals or three tables applied to Cb, Cr and joint CbCr

separately. For each mapping table, the mapping function is a piece-wise linear function
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where each piece is defined by the delta output and delta input values. However, this
signaling mechanism may have the following drawbacks.

[0087] First, when ChromaArrayType is not 0, at least one chroma QP table is
signaled in the Sequence Parameter Set (SPS) because no default chroma QP table is
specified in VVC draft 6.

[0088] Second, the number of chroma QP table is 1 or 3, and the case of signaling 2
tables is not considered. Signaling two tables may be a common case, where the first table is
applied to both Cb and Cr residuals, and the second table is applied to the joint CbCr
residuals.

[0089] Third, the signaling of the chroma QP table for the joint CbCr residuals does
not consider if joint CbCr residual coding tool is enabled or not, which could result in
wasting the bits needed to signal that chroma QP table even when the joint residual coding
tool is not used at all. For example, when syntax element same_qp_table_for_chroma equals
0, three chroma QP tables for Cb, Cr and joint CbCr are signaled separately without
considering whether joint CbCr tool is enabled or not.

[0090] Fourth, with respect to the derivation of the chroma QP table, the mapping
function is specified by the arrays of delta input values of each piece and delta output values
of each piece. This mechanism may consume more bits in some cases.

[0091] Fifth, the control points only define the mapping relationship of the
intermediate pieces of the mapping function. However, as for the leftmost and rightmost
pieces, the mapping slopes are fixed to 1.

[0092] Sixth, considering the syntax element num_points_in_qp_table_minus1 is O or
positive, the number of control points is larger than 0 and hence at least one control point is
coded. However, if the mapping relationship contains just one piece, the number of control

points should be 0.
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[0093] The following disclosed embodiments provide solutions to address the above
issues.

[0094] Error! Reference source not found. FIG. 9 illustrates an exemplary Table 4,
according to some embodiments of the present disclosure. Table 4 shows a syntax structure
to address the first to third problems (emphases shown in italics).

[0095] InError! Reference source not found. Table 4, there are three added syntax
elements: “qp_table_for_chroma_present_flag,”

“same_qp_table_for_cber,” and
“qp_table_for_jointcber_present_flag.”

[0096] For example, syntax element qp_table_for_chroma_present_flag equal to 1
can specify that at least one chroma QP table is signaled in the SPS, while syntax element
gp_table_for_chroma_present_flag equal to 0 can specify that the chroma QP tables are not
present in the SPS. When not present, the chroma QP tables for the Cb and Cr residuals can
be derived by the default process described below.

[0097] For example, syntax element same_qp_table_for_cbcer equal to 1 can specify
that only one chroma QP mapping table is signaled and this table applies to both Cb and Cr
residuals, while syntax element same_qp_table_for_ cber equal to O can specify that two
chroma QP mapping tables are signaled in the SPS for the Cb and Cr residuals separately.

[0098] Syntax element gp_table_for_jointcber_present_flag equal to 1 can specify
that the chroma QP table for the joint CbCr residuals is signaled in SPS. Syntax element
gp_table_for_jointcber_present_flag equal to O can specify that the chroma QP mapping table
applied to joint CbCr residuals is not present in the SPS. When chroma QP table for joint
CbCr residuals is not present in the SPS, the ChromaQpTable for the joint CbCr can be
derived by averaging the chroma QP tables for the Cb and Cr residuals. When not present,

syntax element qp_table_for_jointcber_present_flag is set to 0.
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[0099] By this way, the chroma QP tables for Cb, Cr, and joint CbCr residuals can be
signaled with more flexibility, and signaled only when necessary. The number of signaled
tables is computed by 2 - same_qp_table_for_cbcr + qp_table_for_jointcber_present_flag.
Note that when syntax element sps_joint_cber_enabled_flag is set to O (i.e. joint CbCr
residual coding is not enabled), or when syntax element qp_table_for_chroma_present_flag is
set to 0 (i.e., no chroma QP table is not signaled in the SPS), syntax element
gp_table_for_jointcber_present_flag is set to O, which means no chroma QP table needs to be
signaled for joint CbCr residuals.

(001007 In VVC draft 6, the derivation of chroma QP table is based on the
coded control points defining the piece-wise linear mapping relationship. The control points
are specified by the syntax elements delta_qp_in_val_minus1 and delta_qp_out_val, which
represent the delta input values of two consecutive control points and the delta output values
of two consecutive control points. Several other methods to signal the control points are
described below.

[00101] In some embodiments, the differences between input values and output
values of control points are signaled. Specifically, the mapping function is still defined by the
control points. Syntax element num_points_in_gp_table_minus] plus 1 can specify the
number of control points, and the piece of mapping function between two control points are
specified by the delta values of input and output. However, the output values, instead of
transmitting the delta values between two consecutive output control points using syntax
element delta_qp_out_valli][j], are signaled as syntax element qp_out_val_diff_in[i ][] ]
representing the delta value between the output and the corresponding input value, as the

following

gp_out_val diff in[i][j] = qp_in_val[i][j] — qp_out_val[i][]j] 2)

or
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gp_out_val_diff in[i][j] = qp_out_val[i][j] — gqp_in_val[i][j] 3)

where syntax element qp_in_val[ i ][ j ] and syntax element qp_out_val[ i ][ j ] reresent the

input values and output values of the control points.

[00102] Without loss of generality, assume the function (2) is used and the
corresponding proposed syntax structure is showed in Table 5 (emphasis shown in italics) of
FIG. 10. The derivation of the i-th chroma QP mapping table ChromaQpTable[ i ] fori =0,
1, or 2 is detailed in the Table 6 (emphases shown in italics) of FIG. 11. The highlighted
steps are different from the VVC draft 6 using the proposed syntax.

[00103] Taking the mapping relationship 700 in Error! Reference source not
found.FIG. 7 as an example, the signaled values of the VVC draft 6 and the proposed method
are showed in Table 7 of FIG. 12. It can be seen that the proposed syntax element
gp_out_val_diffin has smaller values and hence requires fewer bits to be coded.

[00104] In some embodiments, the differences between delta input values and
delta output values are signaled. Specifically, in VVC draft 6, syntax elements
delta_qp_in_val_minusl[i ][ j ] and delta_qp_out_val[ i ][ j | are transmitted to signal the
delta input and output values of each piece of the mapping function. Here, instead of
transmitting the delta output values directly, the delta output values are signaled as syntax

element diff delta_in_delta_out[ i ][ j ] according to the following:

diff_delta_in_delta_out[i][j] = delta_qp_in_val[i][j ] — delta_gp_out_val[ i ][] 4

or

diff_delta_in_delta_out[i][j] = delta_gp_out val[i][j] — delta_gp_in_val[i][j] (5).

where syntax elements delta_qp_in_val[i][j ] and delta_qp_out_val[ i ][ j ] reresent the delta
input values and the delta output values between two consecutive control points.
[00105] Without loss of generality, assuming the function (4) is used and the

correponding proposed synatx structure is showed in Table 8 (emphases shown in italics) of
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FIG. 13. The derivation of the i-th chroma QP mapping table ChromaQpTable[ i ] fori =0,
1, or 2 is detailed in the Table 9 (emphases shown in italics) of FIG. 14. The highlighted
steps are different from the VVC draft 6 using the proposed syntax.

[00106] Taking the piece-wise linear function in FIG. 7Error! Reference source
not found. as an example, the signaled values of the VVC draft 6 and the proposed method
are showed in Table 10 of FIG. 15. It can be seen that the proposed syntax element
diff delta_in_delta_out has smaller values and hence requires fewer bits to be coded.

[00107] In some embodiments, constraints can be used when the output values
are signaled. The motivation for the luma-to-chroma mapping relationship is to let the
chroma QP values increase more slowly than the luma QP values for medium to high
quantization level. Therefore, the output values of control points are identical or smaller than
the corrreponding input values in most cases. To further reduce the coding bits for signaling
the mapping relationship, new syntax elements are proposed to limit the sign of syntax
element qp_out_val_diffin[ i ][ j ] or syntax element diff_delta_in_delta_out [i][j].

[00108] Without loss of generality, take syntax element qp_out_val_diffin[ i ][
j ] using function (2) as an example. The proposed syntax structure is detailed in Table 11
(emphases shown in italics) of FIG. 16. Syntax element out_val_cross_sign_{flag| i ] equals
to 1 can specify that syntax element qp_out_val_diffin[ i ][ j ] include both positive and
negative values, and then syntax element qp_out_val_diffin[ i ][ j ] can be coded by se(v) for
this case. Syntax element out_val_cross_sign_flag[ i ] equals to O can specify that all non-
zero syntax elements qp_out_val_diffin[ i ][ j ] own the same sign. The syntax element
out_val_sign_flag|[ i ] is coded successively to denote whether positive or negative and then
syntax element qp_out_val_diffin[ i ][ j ] is coded by ue(v) for this case. Syntax element
out_val_sign_flag[ i ] equals to O represents the positive value. Syntax element

out_val_sign_flag[ I ] equals to 1 represents the negative value.
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[00109] Taking the mapping relationship 700 in FIG. 7Error! Reference source
not found. as an example, the signaled values of the VVC draft 6 and the proposed method
are showed in Table 12 of FIG. 17. It can be seen that the new proposed syntax requires
fewer coding bits to signal the mapping relationship compared to VVC draft 6 and the
previous proposed method of Table 7 of FIG. 12.

[00110] In the VVC draft 6, the chroma QP tables are derived based on the
control points signaled by the syntax elements num_points_in_qp_table_minusl,
delta_qp_in_val_minus1 and delta_qp_out_val. However, only the intermediate piece
between control points are adjusted. With respect to the leftmost mapping piece with the
input ranges [-QpBdOffsetc, 33) and the rightmost mapping piece with the input range (44,
63], their slopes are fixed to 1.

[00111] To support the flexible leftmost and rightmost mapping pieces, two
additional boundary points with input values equaling to —QpBdOffsetc and 63 are signaled.
The output values of these two boundary points can be adjusted flexibly, e.g. (-12, -10) and
(63, 58) in FIG. 18. Considering the input values of the boundary points are fixed to the left
and right boundaries of the input range, only the output values of the boundary points need to
be signaled.

[00112] The proposed syntax structure is shownin Table 13 (emphases shown
in italics) of FIG. 19. Syntax element delta_qp_out_val [ i ][ O ] denotes the delta output
value compared to —QpBdOffsetc of the left boundary point. Syntax element
delta_qgp_out_val [ i ][ num_points_in_qp_table_minus1[ i ]+2] denotes the delta output
values of the right boundary point compared to the previous control point. Based on the new
syntax structure, the derivation of chroma QP tables is shown in Table 14 (emphases shown

in italics) of FIG. 20.
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[00113] When the syntax element qp_table_for_chroma_present_flag is equal
to 0, no chroma QP table may be present in the bitstream and the default settings representing
the mapping function of FIG. 7 may be used to derive the chroma QP tables for Cb, Cr and
joint CbCr. The default num_points_in_qp_table_minus1[ O ] is set to 1, and exemplary
default values of delta_qp_in_val_minus1[ O ][ 2 ] and delta_qp_out_val [ O ][ 2 ] are shown
in Table 15 of FIG. 21. The default chroma QP table applies to the Cb, Cr and joint CbCr
residuals.

[00114] If the proposed syntax referred to above with respect to the signaling of
the derivation of the the chroma QP table is used, the exemplary default settings can be set as
shown in Table 16 of FIG. 22.

[00115] If the proposed method described above with respect to the derivation
of the leftmost and rightmost pieces is used, the other exemplary default settings can be set as
shown in Table 17 of FIG. 23.

[00116] These default values (in Table 15 of FIG. 21, Table 16 of FIG. 22, or
Table 17 of FIG. 23) may be included in the semantics of the syntax element
gp_table_for_chroma_present_flag to specify how to set the default values of the number of
pieces and the input and output delta values when no chroma QP table is signaled explicitly.
The benefit is not only reduced signaling overhead in the SPS, but also this default table
defines a default behavior for encoders that do not want or know how to set the values of
chroma QP tables, since H.264 and HEVC encoders are not required to send such tables
explicitly.

[00117] In VVC draft 6, the number of control points are specified by the
syntax element num_points_in_qgp_table_minus1[i]. Considering syntax element
num_points_in_qp_table_minus1[i] is equal or larger than O, at least one control point is

transmitted. Actually, the mapping relationship is a sole-piece mapping function if no control
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point is signaled. Table 18 of FIG. 24 shows a new syntax structure to support this case,
according to an exemplary embodiment (emphases shown in italics). Syntax element
num_points_in_qp_table[i] is used to signal the number of control points and transmit the
control points when syntax element num_points_in_qp_table[i] is larger than zero.

[00118] Note that to one of ordinary skill in the art, one or more of the
disclosed methods may be used in combination or may be used separately. For example, the
syntax corresponding to the derivation of the chroma QP table may be used in combination
with the syntax corresponding to the derivation of the leftmost and rightmost pieces. As
another example, the above described presence flags may be used separately without
changing the control point signaling.

[00119] FIG. 25 illustrates a flowchart of an exemplary video decoding method
2500, according to some embodiments of the present disclosure. In some embodiments,
method 2500 can be performed by a decoder (e.g., decoder 300 of FIG. 3) or performed by
one or more software or hardware components of an apparatus (e.g., apparatus 400 of FIG.
4). For example, a processor (e.g., processor 402 of FIG. 4) can perform method 2500. In
some embodiments, method 2500 can be implemented by a computer program product,
embodied in a computer-readable medium, including computer-executable instructions, such
as program code, executed by computers (e.g., apparatus 400 of FIG. 4).

[00120] At step 2502, method 2500 can include receiving a bitstream of video data.
The bitstream of video data is to be decoded, e.g., bitstream 302 of FIG. 3.

[0012171 At step 2504, method 2500 can include determining whether a luma-to-
chroma QP mapping table is signaled, based on a first flag in the bitstream. For example, the
first flag in the bitstream can be syntax element qp_table_for_chroma_present_flag described

above.
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[00122] At step 2506, method 2500 can include in response to the first flag being a
first value, determining the signaled luma-to-chroma QP mapping table based on the
bitstream. For example, syntax element qp_table_for_chroma_present_flag equal to 1 can
specify that at least one luma-to-chroma QP mapping table is signaled. In some
embodiments, determining the signaled luma-to-chroma QP mapping table based on the
bitstream can include determining, based on the bitstream, a signaled mapping function, and
determining the signaled luma-to-chroma QP mapping table based on the signaled mapping
function. Determining the signaled mapping function can include determining the signaled
mapping function based on a control point. Moreover, method 2500 can include determining,
based on the bitstream, at least one of a luma input value or a chroma output value associated
with the control point. For example, the signaled luma-to-chroma QP mapping table can be
determined according to Table 3 of FIG. 8, Table 6 of FIG. 11, Table 9 of FIG. 14, Table
14 of FIG. 20, or the like.

[00123] In some embodiments, method 2500 can include in response to the first flag
being a second value, determining a luma-to-chroma QP mapping table based on a default
mapping function. For example, syntax element qp_table_for_chroma_present_flag equal to
0 can specify that the chroma QP tables are not present. A luma-to-chroma QP mapping table
can be determined based on a default mapping function described above.

[00124] In some embodiments, method 2500 can further include determining a
number of luma-to-chroma QP mapping tables that are signaled in the bitstream, based on a
second flag in the bitstream. In response to the second flag being a third value, method 2500
can include determining that the signaled luma-to-chroma QP mapping table applies to both a
first chroma component and a second chroma component. In response to the second flag
being a fourth value, method 2500 can include determining that signaled luma-to-chroma QP

mapping table comprises a first table applying to the first chroma component and a second
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table applying to the second chroma component. The first chroma component can be a Cb
component, and the second chroma component can be a Cr component. In some
embodiments, the second flag can be syntax element same_qp_table_for_cbcr described
above. For example, syntax element same_qp_table_for_cber equal to 1 can specify that only
one luma-to-chroma QP mapping table is signaled and applied to both Cb and Cr
components, while syntax element And syntax element same_qp_table_for_cbcr equal to 0
can specify that two luma-to-chroma QP mapping tables are signaled for the Cb and Cr
components separately.

[00125] In some embodiments, method 2500 can also include determining whether a
luma-to-chroma QP mapping table for joint CbCr residues is signaled, based on a third flag in
the bitstream. In response to the third flag being a fifth value, method 2500 can include
determining the signaled luma-to-chroma QP mapping table for the joint CbCr residues. In
response to the third flag being a sixth value, method 2500 can include determining a luma-
to-chroma QP mapping table for the joint CbCr residues, by averaging a first luma-to-chroma
QP mapping table for Cb residues and a second luma-to-chroma QP mapping table for Cr
residues. In some embodiments, the third flag can be syntax element
gp_table_for_jointcber_present_flag described above. For example, syntax element
gp_table_for_jointcber_present_flag equal to 1 can specify that the luma-to-chroma QP
mapping table for the joint CbCr residuals is signaled, and syntax element
gp_table_for_jointcber_present_flag equal to 0 can specify that the luma-to-chroma QP
mapping table applied to joint CbCr residuals is not present. If luma-to-chroma QP mapping
table for joint CbCr residuals is not present, the luma-to-chroma QP mapping table for the
joint CbCr residuals can be derived by averaging the luma-to-chroma QP mapping tables for

the Cb and Cr residuals.

30



WO 2021/040907 PCT/US2020/042739

[00126] FIG. 26 illustrates a flowchart of an exemplary video decoding method
2600, according to some embodiments of the present disclosure. In some embodiments,
method 2600 can be performed by a decoder (e.g., decoder 300 of FIG. 3) or performed by
one or more software or hardware components of an apparatus (e.g., apparatus 400 of FIG.
4). For example, a processor (e.g., processor 402 of FIG. 4) can perform method 2600. In
some embodiments, method 2600 can be implemented by a computer program product,
embodied in a computer-readable medium, including computer-executable instructions, such
as program code, executed by computers (e.g., apparatus 400 of FIG. 4).

[00127] At step 2602, method 2600 can include receiving a bitstream of video data.
The bitstream of video data is to be decoded, e.g., bitstream 302 of FIG. 3.

[00128] At step 2604, method 2600 can include determining, based on the bitstream,
a difference between an input value of a control point and an output value of the control
point. The control point defines a mapping function for a luma-to-chroma QP mapping table.
For example, the difference can be syntax element qp_out_val_diff_in described above with
reference to function (2) or (3).

[00129] At step 2606, method 2600 can include determining the output value of the
control point, based on the input value and the difference. And at step 808, method 800 can
include determining the mapping function based on the output value of the control point. For
example, the mapping function can be determined according to Table 6 of FIG. 11.

[00130] In some embodiments, method 2600 can further include determining
whether the luma-to-chroma QP mapping table is signaled, based on a table-present flag in
the bitstream. Method 2600 can also include in response to the table-present flag being a first
value, determining the signaled luma-to-chroma QP mapping table based on the mapping
function, or in response to the table-present flag being a second value, determining a luma-to-

chroma QP mapping table based on a default mapping function. In some embodiments, the

31



WO 2021/040907 PCT/US2020/042739

table-present flag in the bitstream can be syntax element qp_table for chroma_present_flag
described above. For example, syntax element qp_table_for_chroma_present_flag equal to 1
can specify that at least one luma-to-chroma QP mapping table is signaled, while syntax
element qp_table_for_chroma_present_flag equal to O can specify that the chroma QP tables
are not present. The default mapping function can be determined (as described above) for
deriving the chroma QP tables for for Cb, Cr and joint CbCr.

[00131] FIG. 27 illustrates a flowchart of an exemplary video decoding method
2700, according to some embodiments of the present disclosure. In some embodiments,
method 2700 can be performed by a decoder (e.g., decoder 300 of FIG. 3) or performed by
one or more software or hardware components of an apparatus (e.g., apparatus 400 of FIG.
4). For example, a processor (e.g., processor 402 of FIG. 4) can perform method 2700. In
some embodiments, method 2700 can be implemented by a computer program product,
embodied in a computer-readable medium, including computer-executable instructions, such
as program code, executed by computers (e.g., apparatus 400 of FIG. 4).

[00132] At step 2702, method 2700 can include receiving a bitstream of video data.
The bitstream of video data is to be decoded, e.g., bitstream 302 of FIG. 3.

[00133] Atstep 2704, method 2700 can include determining, based on the bitstream,
a difference between a delta input value and a delta output value. The delta input value can be
a difference between input values of two control points, and the delta output value can be a
difference between output values of the two control points. The control points define a
mapping function for a luma-to-chroma QP mapping table. For example, the difference can
be syntax element diff delta_in_delta_out described above with reference to function (4) or
(5).

[00134] At step 2706, method 2700 can include determining the output values of the

two control points, based on the difference between the delta input value and the delta output
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value. And at step 2708, method 2700 can include determining the mapping function based
on the output values of the two control points. For example, the mapping function can be
determined according to Table 9 of FIG. 14.

[00135] In some embodiments, method 2700 can further include determining
whether the luma-to-chroma QP mapping table is signaled, based on a table-present flag in
the bitstream. Method 2700 can also include in response to the table-present flag being a first
value, determining the signaled luma-to-chroma QP mapping table based on the mapping
function, or in response to the table-present flag being a second value, determining a luma-to-
chroma QP mapping table based on a default mapping function. In some embodiments, the
table-present flag in the bitstream can be syntax element qp_table for chroma_present_flag
described above. For example, syntax element qp_table_for_chroma_present_flag equal to 1
can specify that at least one luma-to-chroma QP mapping table is signaled, while syntax
element qp_table_for_chroma_present_flag equal to O can specify that the chroma QP tables
are not present. The default mapping function can be determined (as described above) for
deriving the chroma QP tables for for Cb, Cr and joint CbCr.

[00136] FIG. 28 illustrates a flowchart of an exemplary video decoding method
2800, according to some embodiments of the present disclosure. In some embodiments,
method 2800 can be performed by a decoder (e.g., decoder 300 of FIG. 3) or performed by
one or more software or hardware components of an apparatus (e.g., apparatus 400 of FIG.
4). For example, a processor (e.g., processor 402 of FIG. 4) can perform method 2800. In
some embodiments, method 2800 can be implemented by a computer program product,
embodied in a computer-readable medium, including computer-executable instructions, such
as program code, executed by computers (e.g., apparatus 400 of FIG. 4).

[00137] At step 2802, method 2800 can include receiving a bitstream of video data.

The bitstream of video data is to be decoded, e.g., bitstream 302 of FIG. 3.
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[00138] At step 2804, method 2800 can include determining, based on a first flag in
the bitstream, whether nonzero values of signaled control points have a same sign. The
control points define a mapping function for a luma-to-chroma QP mapping table.

[00139] At step 2806, method 2800 can include in response to the first flag being a
first value, determining that the nonzero values of the signaled control points have the same
sign. Method 2800 can also include in response to the nonzero values of the signaled control
points being determined to have the same sign, determining, based on a second flag in the
bitstream, whether the sign is positive or negative. In some embodiments, the first flag can be
syntax element out_val_cross_sign_flag and the second flag can be syntax element
out_val_sign_flag, as described above. For example, syntax element out_val_cross_sign_{flag
equal to 1 can specify that syntax element qp_out_val_diffin include both positive and
negative values, and syntax element out_val_cross_sign_flag equal to O can specify that all
non-zero qp_out_val_diffin have the same sign. The syntax element out_val_sign_flag can be
coded to denote whether non-zero qp_out_val_diffin are positive or negative. For example,
syntax element out_val_sign_{flag equal to O represents the positive value, while syntax
element out_val_sign_flag equal to 1 represents the negative value.

[00140] In some embodiments, method 2800 can further include determining
whether the luma-to-chroma QP mapping table is signaled, based on a table-present flag in
the bitstream. Method 1000 can also include in response to the table-present flag being a first
value, determining the signaled luma-to-chroma QP mapping table based on the mapping
function, or in response to the table-present flag being a second value, determining a luma-to-
chroma QP mapping table based on a default mapping function. In some embodiments, the
table-present flag in the bitstream can be syntax element qp_table for chroma_present_flag
described above. For example, syntax element qp_table_for_chroma_present_flag equal to 1

can specify that at least one luma-to-chroma QP mapping table is signaled, while syntax
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element qp_table_for_chroma_present_flag equal to O can specify that the chroma QP tables
are not present. The default mapping function can be determined (as described above) for
deriving the chroma QP tables for for Cb, Cr and joint CbCr.

[00141] FIG. 29 illustrates a flowchart of an exemplary video decoding method
2900, according to some embodiments of the present disclosure. In some embodiments,
method 2900 can be performed by a decoder (e.g., decoder 300 of FIG. 3) or performed by
one or more software or hardware components of an apparatus (e.g., apparatus 400 of FIG.
4). For example, a processor (e.g., processor 402 of FIG. 4) can perform method 2900. In
some embodiments, method 2900 can be implemented by a computer program product,
embodied in a computer-readable medium, including computer-executable instructions, such
as program code, executed by computers (e.g., apparatus 400 of FIG. 4).

[00142] At step 2902, method 2900 can include receiving a bitstream of video data.
The bitstream of video data is to be decoded, e.g., bitstream 302 of FIG. 3.

[00143] At step 2904, method 2900 can include determining, based on the bitstream,
an output value of a boundary point of a mapping function. The mapping function defines a
luma-to-chroma QP mapping table. At step 2906, method 2900 can include determining the
mapping function based on the output value of the boundary point. For example, the mapping
function can be determined according to Table 14 of FIG. 20.

[00144] In some embodiments, method 2900 can include determining an input value
of the boundary point based on a default value, and determining the mapping function based
on the input value of the boundary point.

[00145] In some embodiments, method 2900 can further include determining
whether the luma-to-chroma QP mapping table is signaled, based on a table-present flag in
the bitstream. Method 2900 can also include in response to the table-present flag being a first

value, determining the signaled luma-to-chroma QP mapping table based on the mapping
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function, or in response to the table-present flag being a second value, determining a luma-to-
chroma QP mapping table based on a default mapping function. In some embodiments, the
table-present flag in the bitstream can be syntax element qp_table for chroma_present_flag
described above. For example, syntax element qp_table_for_chroma_present_flag equal to 1
can specify that at least one luma-to-chroma QP mapping table is signaled, while syntax
element qp_table_for_chroma_present_flag equal to O can specify that the chroma QP tables
are not present. The default mapping function can be determined as described above.

[00146] FIG. 30 illustrates a flowchart of an exemplary video decoding method
3000, according to some embodiments of the present disclosure. In some embodiments,
method 3000 can be performed by a decoder (e.g., decoder 300 of FIG. 3) or performed by
one or more software or hardware components of an apparatus (e.g., apparatus 400 of FIG.
4). For example, a processor (e.g., processor 402 of FIG. 4) can perform method 3000. In
some embodiments, method 3000 can be implemented by a computer program product,
embodied in a computer-readable medium, including computer-executable instructions, such
as program code, executed by computers (e.g., apparatus 400 of FIG. 4).

[00147] At step 3002, method 3000 can include receiving a bitstream of video data.
The bitstream of video data is to be decoded, e.g., bitstream 302 of FIG. 3.

[00148] At step 3004, method 3000 can include determining, based on a parameter in
the bitstream, a number of control points signaled by the bitstream. The control points define
a mapping function for a luma-to-chroma QP mapping table. At step 3006, method 3000 can
include in response to the parameter indicating that no control point is signaled, determining
a one-piece mapping function. In some embodiments, the parameter can be syntax element
num_points_in_qp_table to indicate the number of signaled control points described above.
For example, syntax element num_points_in_qp_table equal to zero can specify that no

control point is signaled.
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[00149] FIG. 31 illustrates a flowchart of an exemplary video processing method
3100, according to some embodiments of the present disclosure. In some embodiments,
method 3100 can be performed by an encoder (e.g., encoder 200 of FIG. 2), a decoder (e.g.,
decoder 300 of FIG. 3) or performed by one or more software or hardware components of an
apparatus (e.g., apparatus 400 of FIG. 4). For example, a processor (e.g., processor 402 of
FIG. 4) can perform method 3100. In some embodiments, method 3100 can be implemented
by a computer program product, embodied in a computer-readable medium, including
computer-executable instructions, such as program code, executed by computers (e.g.,
apparatus 400 of FIG. 4).

[00150] At step 3102, method 3100 can include signaling a first flag indicating
whether a luma-to-chroma QP mapping table is signaled in a SPS of a video data. For
example, the first flag can be syntax element qp_table_for_chroma_present_flag described
above.

[00151] Atstep 3104, method 3100 can include determining whether the first flag
indicates the luma-to-chroma QP mapping table is signaled. For example, syntax element
gp_table_for_chroma_present_flag equal to 1 can specify that at least one luma-to-chroma
QP mapping table is signaled, while syntax element qp_table_for_chroma_present_flag equal
to O can specify that the chroma QP tables are not present.

[00152] At step 3106, method 3100 can include in response to the first flag being
determined to indicate the luma-to-chroma QP mapping table is signaled, signaling the luma-
to-chroma QP mapping table.

[00153] In some embodiments, the luma-to-chroma QP mapping table can be
determined based on a default mapping function described above in response to the first flag

being determined to indicate the luma-to-chroma QP mapping table is not signaled.
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[00154] In some embodiments, method 3100 can include in response to the first flag
being determined to indicate the luma-to-chroma QP mapping table is signaled, signaling a
second flag. The second flag can indicate whether one luma-to-chroma QP mapping table for
a Cb component and a Cr component is signaled or a first luma-to-chroma QP mapping table
for the Cb component and a second luma-to-chroma QP mapping table for the Cr component
are signaled. For example, the second flag can be syntax element same_qp_table_for_cber
described above. For example, syntax element same_qp_table_for_cbcr equal to 1 can
specify that only one luma-to-chroma QP mapping table is signaled and applied to both Cb
and Cr components, while syntax element And syntax element same_qp_table_for_cbcer equal
to 0 can specify that two luma-to-chroma QP mapping tables are signaled for the Cb and Cr
components separately.

[00155] In some embodiments, method 3100 can include in response to the first flag
being determined to indicate the luma-to-chroma QP mapping table is signaled, signaling a
third flag indicating whether a luma-to-chroma QP mapping table for joint CbCr residues is
signaled. For example, the third flag can be syntax element
gp_table_for_jointcber_present_flag described above. For example, syntax element
gp_table_for_jointcber_present_flag equal to 1 can specify that the luma-to-chroma QP
mapping table for the joint CbCr residuals is signaled, and syntax element
gp_table_for_jointcber_present_flag equal to 0 can specify that the luma-to-chroma QP
mapping table applied to joint CbCr residuals is not present. If luma-to-chroma QP mapping
table for joint CbCr residuals is not present, the luma-to-chroma QP mapping table for the
joint CbCr residuals can be derived by averaging the luma-to-chroma QP mapping tables for
the Cb and Cr residuals.

[00156] FIG. 32 illustrates a flowchart of an exemplary video processing method

3200, according to some embodiments of the present disclosure. In some embodiments,
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method 3200 can be performed by an encoder (e.g., encoder 200 of FIG. 2), a decoder (e.g.,
decoder 300 of FIG. 3) or performed by one or more software or hardware components of an
apparatus (e.g., apparatus 400 of FIG. 4). For example, a processor (e.g., processor 402 of
FIG. 4) can perform method 3200. In some embodiments, method 3200 can be implemented
by a computer program product, embodied in a computer-readable medium, including
computer-executable instructions, such as program code, executed by computers (e.g.,
apparatus 400 of FIG. 4).

[00157] At step 3202, method 3200 can include signaling a delta input value of a first
control point and a second control point in a SPS of a video data. The delta input value is a
difference between input values of the first and second control points. The first and second
points can define a mapping function for a luma-to-chroma QP mapping table. For example,
the delta input value can be syntax element delta_qp_in_val_minus1 described above.

[00158] Atstep 3204, method 3200 can include signaling a difference between an
input value of the second control point and an output value of the second control point in the
SPS. For example, the difference can be syntax element qp_out_val_diff_in described above
with reference to function (2) or (3).

[00159] FIG. 33 illustrates a flowchart of an exemplary video processing method
3300, according to some embodiments of the present disclosure. In some embodiments,
method 3300 can be performed by an encoder (e.g., encoder 200 of FIG. 2), a decoder (e.g.,
decoder 300 of FIG. 3) or performed by one or more software or hardware components of an
apparatus (e.g., apparatus 400 of FIG. 4). For example, a processor (e.g., processor 402 of
FIG. 4) can perform method 3300. In some embodiments, method 3300 can be implemented
by a computer program product, embodied in a computer-readable medium, including
computer-executable instructions, such as program code, executed by computers (e.g.,

apparatus 400 of FIG. 4).
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[00160] At step 3302, method 3300 can include signaling a delta input value of a first
control point and a second control point in a SPS of a video data. The delta input value is a
difference between input values of the first and second control points. The first and second
control points can define a mapping function for a luma-to-chroma quantization parameter
(QP) mapping table. For example, the delta input value can be syntax element
delta_qp_in_val_minus1 described above.

[00161] At step 3304, method 3300 can include signaling a difference between the
delta input value and a delta output value of the first and second control points. The delta
output value is a difference between output values of the first and second control points. For
example, the difference can be syntax element diff_delta_in_delta_out described above with
reference to function (4) or (5).

[00162] FIG. 34 illustrates a flowchart of an exemplary video processing method
3400, according to some embodiments of the present disclosure. In some embodiments,
method 3400 can be performed by an encoder (e.g., encoder 200 of FIG. 2), a decoder (e.g.,
decoder 300 of FIG. 3) or performed by one or more software or hardware components of an
apparatus (e.g., apparatus 400 of FIG. 4). For example, a processor (e.g., processor 402 of
FIG. 4) can perform method 3400. In some embodiments, method 3400 can be implemented
by a computer program product, embodied in a computer-readable medium, including
computer-executable instructions, such as program code, executed by computers (e.g.,
apparatus 400 of FIG. 4).

[00163] At step 3402, method 3400 can include signaling a first flag in a SPS of a
video data. The first flag can indicate whether nonzero values of signaled control points have
a same sign. The control points can define a mapping function for a luma-to-chroma QP

mapping table.
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[00164] At step 3404, method 3400 can include determining whether the first flag
indicates nonzero values of signaled control points have a same sign. At step 3406, method
3400 can include in response to the first flag being determined to indicate nonzero values of
signaled control points have a same sign, signaling a second flag in the SPS indicating
whether the sign is positive or negative. In some embodiments, the first flag can be syntax
element out_val_cross_sign_flag and the second flag can be syntax element
out_val_sign_flag, as described above. For example, syntax element out_val_cross_sign_{flag
equal to 1 can specify that syntax element qp_out_val_diffin include both positive and
negative values, and syntax element out_val_cross_sign_flag equal to O can specify that all
non-zero qp_out_val_diffin have the same sign. The syntax element out_val_sign_flag can be
coded to denote whether non-zero qp_out_val_diffin are positive or negative. For example,
syntax element out_val_sign_{flag equal to O represents the positive value, while syntax
element out_val_sign_flag equal to 1 represents the negative value.

[00165] FIG. 35 illustrates a flowchart of an exemplary video processing method
3500, according to some embodiments of the present disclosure. In some embodiments,
method 3500 can be performed by an encoder (e.g., encoder 200 of FIG. 2), a decoder (e.g.,
decoder 300 of FIG. 3) or performed by one or more software or hardware components of an
apparatus (e.g., apparatus 400 of FIG. 4). For example, a processor (e.g., processor 402 of
FIG. 4) can perform method 3500. In some embodiments, method 3500 can be implemented
by a computer program product, embodied in a computer-readable medium, including
computer-executable instructions, such as program code, executed by computers (e.g.,
apparatus 400 of FIG. 4).

[00166] At step 3502, method 3500 can include signaling a first delta output value of
a first boundary control point and a first adjacent control point in a SPS of a video data. The

first adjacent control point is a control point adjacent to the first boundary control point in a
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mapping function. The delta output value is a difference between output values of the first
boundary control point and the first adjacent control point. The mapping function can define
a luma-to-chroma QP mapping table. For example, the first delta output value can be syntax
element delta_qp_out_val [ i ][ O ] as described above.

[00167] At step 3504, method 3500 can include signaling a second delta output value
of a second boundary control point and a second adjacent control point in the SPS. The
second adjacent control point is a control point adjacent to the second boundary control point
in the mapping function. The second delta output value is a difference between output values
of the second boundary control point and the second adjacent control point. For example, the
second delta output value can be syntax element
delta_qp_out_val [ i J[num_points_in_qp_table_minus1[ i ]+2] as described above.

[00168] FIG. 36 illustrates a flowchart of an exemplary video processing method
3600, according to some embodiments of the present disclosure. In some embodiments,
method 3600 can be performed by an encoder (e.g., encoder 200 of FIG. 2), a decoder (e.g.,
decoder 300 of FIG. 3) or performed by one or more software or hardware components of an
apparatus (e.g., apparatus 400 of FIG. 4). For example, a processor (e.g., processor 402 of
FIG. 4) can perform method 3600. In some embodiments, method 3600 can be implemented
by a computer program product, embodied in a computer-readable medium, including
computer-executable instructions, such as program code, executed by computers (e.g.,
apparatus 400 of FIG. 4).

[00169] At step 3602, method 3600 can include signaling a number of control points
in a SPS of a video data. The control points can define a mapping function for a luma-to-
chroma QP mapping table. In some embodiments, the parameter can be syntax element

num_points_in_qp_table to indicate the number of signaled control points described above.
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For example, syntax element num_points_in_qp_table equal to zero can specify that no
control point is signaled.

[00170] At step 3604, method 3600 can include determining whether the number of
control points larger than zero. At step 3606, method 3600 can include in response to the
number of control points being determined to be larger than zero, signaling the luma-to-
chroma QP mapping table. In addition, the luma-to-chroma QP mapping table can be not
signaled in response to the number of control points being determined to be equal to zero. In
this case, the control points define a one-piece mapping function for a luma-to-chroma QP
mapping table.

[00171] In some embodiments, a non-transitory computer-readable storage medium
including instructions is also provided, and the instructions may be executed by a device
(such as the disclosed encoder and decoder), for performing the above-described methods.
Common forms of non-transitory media include, for example, a floppy disk, a flexible disk,
hard disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a CD-
ROM, any other optical data storage medium, any physical medium with patterns of holes, a
RAM, a PROM, and EPROM, a FLASH-EPROM or any other flash memory, NVRAM, a
cache, a register, any other memory chip or cartridge, and networked versions of the same.
The device may include one or more processors (CPUs), an input/output interface, a network
interface, and/or a memory.

[00172] The embodiments may further be described using the following clauses:

1. A video decoding method, comprising:

receiving a bitstream of video data;

determining whether a luma-to-chroma quantization parameter (QP) mapping table is

signaled, based on a first flag in the bitstream; and
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in response to the first flag being a first value, determining the signaled luma-to-
chroma QP mapping table based on the bitstream.

2. The method according to clause 1, wherein determining the signaled luma-to-
chroma QP mapping table based on the bitstream comprises:

determining, based on the bitstream, a signaled mapping function; and

determining the signaled luma-to-chroma QP mapping table based on the signaled
mapping function.

3. The method according to clause 2, wherein determining the signaled mapping
function comprises:

determining the signaled mapping function based on a control point.

4. The method according to clause 3, further comprising:

determining, based on the bitstream, at least one of a luma input value or a chroma
output value associated with the control point.

5. The method according to any one of clauses 1-4, further comprising:

in response to the first flag being a second value, determining a luma-to-chroma QP
mapping table based on a default mapping function.

6. The method according to any one of clauses 1-5, wherein determining the signaled
luma-to-chroma QP mapping table based on the bitstream comprises:

determining a number of luma-to-chroma QP mapping tables that are signaled in the
bitstream, based on a second flag in the bitstream; and

in response to the second flag being a third value, determining that the signaled luma-
to-chroma QP mapping table applies to both a first chroma component and a second chroma
component.

7. The method according to clause 6, further comprising:

44



WO 2021/040907 PCT/US2020/042739

in response to the second flag being a fourth value, determining that signaled luma-to-
chroma QP mapping table comprises:
a first table applying to the first chroma component, and
a second table applying to the second chroma component.
8. The method according to any one of clauses 6 and 7, wherein:
the first chroma component is a Cb component, and the second chroma component is
a Cr component.
9. The method according to any one of clauses 1-8, further comprising:
determining whether a luma-to-chroma QP mapping table for joint CbCr residues is
signaled, based on a third flag in the bitstream; and
in response to the third flag being a fifth value, determining the signaled luma-to-
chroma QP mapping table for the joint CbCr residues.
10. The method according to any one of clauses 1-9, further comprising:
in response to the third flag being a sixth value, determining a luma-to-chroma QP
mapping table for the joint CbCr residues, by averaging a first luma-to-chroma QP mapping
table for Cb residues and a second luma-to-chroma QP mapping table for Cr residues.
11. A system for video decoding, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
receive a bitstream of video data;
determine whether a luma-to-chroma quantization parameter (QP) mapping
table is signaled, based on a first flag in the bitstream; and
in response to the first flag being a first value, determine the signaled luma-to-

chroma QP mapping table based on the bitstream.
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12. The system according to clause 11, wherein the one or more processor are further
configured to execute the instructions to cause the system to:

determine, based on the bitstream, a signaled mapping function; and

determine the signaled luma-to-chroma QP mapping table based on the signaled
mapping function.

13. The system according to clause 12, wherein the one or more processors are further
configured to execute the instructions to cause the system to:

determine the signaled mapping function based on a control point.

14. The system according to clause 13, wherein the one or more processors are further
configured to execute the instructions to cause the system to:

determine, based on the bitstream, at least one of a luma input value or a chroma
output value associated with the control point.

15. The system according to any one of clauses 11-14, wherein the one or more
processors are further configured to execute the instructions to cause the system to:

in response to the first flag being a second value, determine a luma-to-chroma QP
mapping table based on a default mapping function.

16. The system according to any one of clauses 11-15, wherein the one or more
processors are further configured to execute the instructions to cause the system to:

determine a number of luma-to-chroma QP mapping tables that are signaled in the
bitstream, based on a second flag in the bitstream; and

in response to the second flag being a third value, determine that the signaled luma-to-
chroma QP mapping table applies to both a first chroma component and a second chroma
component.

17. The system according to clause 16, wherein the one or more processors are further

configured to execute the instructions to cause the system to:
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in response to the second flag being a fourth value, determine that signaled luma-to-

chroma QP mapping table comprises:
a first table applying to the first chroma component, and
a second table applying to the second chroma component.

18. The system according to any one of clauses 16 and 17, wherein:

the first chroma component is a Cb component, and the second chroma component is
a Cr component.

19. The system according to any one of clauses 11-18, wherein the one or more
processors are further configured to execute the instructions to cause the system to:

determine whether a luma-to-chroma QP mapping table for joint CbCr residues is
signaled, based on a third flag in the bitstream; and

in response to the third flag being a fifth value, determine the signaled luma-to-
chroma QP mapping table for the joint CbCr residues.

20. The system according to any one of clauses 11-19, wherein the one or more
processors are further configured to execute the instructions to cause the system to:

in response to the third flag being a sixth value, determine a luma-to-chroma QP
mapping table for the joint CbCr residues, by averaging a first luma-to-chroma QP mapping
table for Cb residues and a second luma-to-chroma QP mapping table for Cr residues.

21. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

receiving a bitstream of video data;

determining whether a luma-to-chroma quantization parameter (QP) mapping table is
signaled, based on a first flag in the bitstream; and

in response to the first flag being a first value, determining the signaled luma-to-

chroma QP mapping table based on the bitstream.
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22. The non-transitory computer-readable storage medium according to clause 21,
wherein determining the signaled luma-to-chroma QP mapping table based on the bitstream
comprises:

determining, based on the bitstream, a signaled mapping function; and

determining the signaled luma-to-chroma QP mapping table based on the signaled
mapping function.

23. The non-transitory computer-readable storage medium according to clause 22,
wherein determining the signaled mapping function comprises:

determining the signaled mapping function based on a control point.

24. The non-transitory computer-readable storage medium according to clause 23,
wherein the set of instructions that are executable by the one or more processors to cause the
device to further perform:

determining, based on the bitstream, at least one of a luma input value or a chroma
output value associated with the control point.

25. The non-transitory computer-readable storage medium according to any one of
clauses 21-24, wherein the set of instructions that are executable by the one or more
processors to cause the device to further perform:

in response to the first flag being a second value, determining a luma-to-chroma QP
mapping table based on a default mapping function.

26. The non-transitory computer-readable storage medium according to any one of
clauses 21-25, wherein determining the signaled luma-to-chroma QP mapping table based on
the bitstream comprises:

determining a number of luma-to-chroma QP mapping tables that are signaled in the

bitstream, based on a second flag in the bitstream; and
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in response to the second flag being a third value, determining that the signaled luma-
to-chroma QP mapping table applies to both a first chroma component and a second chroma
component.

27. The non-transitory computer-readable storage medium according to clause 26,
wherein the set of instructions that are executable by the one or more processors to cause the
device to further perform:

in response to the second flag being a fourth value, determining that signaled luma-to-
chroma QP mapping table comprises:

a first table applying to the first chroma component, and
a second table applying to the second chroma component.

28. The non-transitory computer-readable storage medium according to any one of
clauses 26 and 27, wherein:

the first chroma component is a Cb component, and the second chroma component is
a Cr component.

29. The non-transitory computer-readable storage medium according to any one of
clauses 21-28, wherein the set of instructions that are executable by the one or more
processors to cause the device to further perform:

determining whether a luma-to-chroma QP mapping table for joint CbCr residues is
signaled, based on a third flag in the bitstream; and

in response to the third flag being a fifth value, determining the signaled luma-to-
chroma QP mapping table for the joint CbCr residues.

30. The non-transitory computer-readable storage medium according to any one of
clauses 21-29, wherein the set of instructions that are executable by the one or more

processors to cause the device to further perform:
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in response to the third flag being a sixth value, determining a luma-to-chroma QP
mapping table for the joint CbCr residues, by averaging a first luma-to-chroma QP mapping
table for Cb residues and a second luma-to-chroma QP mapping table for Cr residues.

31. A video decoding method, comprising:

receiving a bitstream of video data;

determining, based on the bitstream, a difference between an input value of a control
point and an output value of the control point, the control point defining a mapping function
for a luma-to-chroma quantization parameter (QP) mapping table;

determining the output value of the control point, based on the input value and the
difference; and

determining the mapping function based on the output value of the control point.

32. A video decoding method, comprising:

receiving a bitstream of video data;

determining, based on the bitstream, a difference between a delta input value and a
delta output value, wherein the delta input value is a difference between input values of two
control points defining a mapping function for a luma-to-chroma quantization parameter (QP)
mapping table, and the delta output value is a difference between output values of the two
control points;

determining the output values of the two control points, based on the difference
between the delta input value and the delta output value; and

determining the mapping function based on the output values of the two control
points.

33. A video decoding method, comprising:

receiving a bitstream of video data;
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determining, based on a first flag in the bitstream, whether nonzero values of signaled
control points have a same sign, the control points defining a mapping function for a luma-to-
chroma quantization parameter (QP) mapping table; and

in response to the first flag being a first value, determining that the nonzero values of
the signaled control points have the same sign.

34. The method according to clause 33, further comprising:

in response to the nonzero values of the signaled control points being determined to
have the same sign, determining, based on a second flag in the bitstream, whether the sign is
positive or negative.

35. A video decoding method, comprising:

receiving a bitstream of video data;

determining, based on the bitstream, an output value of a boundary point of a mapping
function, the mapping function defining a luma-to-chroma quantization parameter (QP)
mapping table; and

determining the mapping function based on the output value of the boundary point.

36. The method according to clause 35, further comprising:

determining an input value of the boundary point based on a default value; and

determining the mapping function based on the input value of the boundary point.

37. The method according to any of clauses 31-36, further comprising:

determining whether the luma-to-chroma QP mapping table is signaled, based on a
table-present flag in the bitstream; and

in response to the table-present flag being a first value, determining the signaled
luma-to-chroma QP mapping table based on the mapping function.

38. The method according to clause 37, further comprising:
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in response to the table-present flag being a second value, determining a luma-to-
chroma QP mapping table based on a default mapping function.
39. A system for video decoding, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
receive a bitstream of video data;
determine, based on the bitstream, a difference between an input value of a
control point and an output value of the control point, the control point defining a
mapping function for a luma-to-chroma quantization parameter (QP) mapping table;
determine the output value of the control point, based on the input value and
the difference; and
determine the mapping function based on the output value of the control point.
40. A system for video decoding, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
receive a bitstream of video data;
determine, based on the bitstream, a difference between a delta input value and
a delta output value, wherein the delta input value is a difference between input values
of two control points defining a mapping function for a luma-to-chroma quantization
parameter (QP) mapping table, and the delta output value is a difference between
output values of the two control points;
determine the output values of the two control points, based on the difference

between the delta input value and the delta output value; and
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determine the mapping function based on the output values of the two control
points.
41. A system for video decoding, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
receive a bitstream of video data;
determine, based on a first flag in the bitstream, whether nonzero values of
signaled control points have a same sign, the control points defining a mapping
function for a luma-to-chroma quantization parameter (QP) mapping table; and
in response to the first flag being a first value, determine that the nonzero
values of the signaled control points have the same sign.
42. The system according to clause 41, wherein the one or more processors are further
configured to execute the instructions to cause the system to:
in response to the nonzero values of the signaled control points being determined to
have the same sign, determine, based on a second flag in the bitstream, whether the sign is
positive or negative.
43. A system for video decoding, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
receive a bitstream of video data;
determine, based on the bitstream, an output value of a boundary point of a
mapping function, the mapping function defining a luma-to-chroma quantization

parameter (QP) mapping table; and
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determine the mapping function based on the output value of the boundary

point.

44. The system according to clause 43, wherein the one or more processors are further
configured to execute the instructions to cause the system to:

determine an input value of the boundary point based on a default value; and

determine the mapping function based on the input value of the boundary point.

45. The system according to any of clauses 39-44, wherein the one or more processors
are further configured to execute the instructions to cause the system to:

determine whether the luma-to-chroma QP mapping table is signaled, based on a
table-present flag in the bitstream; and

in response to the table-present flag being a first value, determine the signaled luma-
to-chroma QP mapping table based on the mapping function.

46. The system according to clause 45, wherein the one or more processors are further
configured to execute the instructions to cause the system to:

in response to the table-present flag being a second value, determine a luma-to-
chroma QP mapping table based on a default mapping function.

47. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

receiving a bitstream of video data;

determining, based on the bitstream, a difference between an input value of a control
point and an output value of the control point, the control point defining a mapping function
for a luma-to-chroma quantization parameter (QP) mapping table;

determining the output value of the control point, based on the input value and the
difference; and

determining the mapping function based on the output value of the control point.
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48. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

receiving a bitstream of video data;

determining, based on the bitstream, a difference between a delta input value and a
delta output value, wherein the delta input value is a difference between input values of two
control points defining a mapping function for a luma-to-chroma quantization parameter (QP)
mapping table, and the delta output value is a difference between output values of the two
control points;

determining the output values of the two control points, based on the difference
between the delta input value and the delta output value; and

determining the mapping function based on the output values of the two control
points.

49. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

receiving a bitstream of video data;

determining, based on a first flag in the bitstream, whether nonzero values of signaled
control points have a same sign, the control points defining a mapping function for a luma-to-
chroma quantization parameter (QP) mapping table; and

in response to the first flag being a first value, determining that the nonzero values of

the signaled control points have the same sign.
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50. The non-transitory computer-readable storage medium according to clause 49,
wherein the set of instructions that are executable by the one or more processors to cause the
device to further perform:

in response to the nonzero values of the signaled control points being determined to
have the same sign, determining, based on a second flag in the bitstream, whether the sign is
positive or negative.

51. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

receiving a bitstream of video data;

determining, based on the bitstream, an output value of a boundary point of a mapping
function, the mapping function defining a luma-to-chroma quantization parameter (QP)
mapping table; and

determining the mapping function based on the output value of the boundary point.

52. The non-transitory computer-readable storage medium according to clause 51,
wherein the set of instructions that are executable by the one or more processors to cause the
device to further perform:

determining an input value of the boundary point based on a default value; and

determining the mapping function based on the input value of the boundary point.

53. The non-transitory computer-readable storage medium according to any of clauses
47-52, wherein the set of instructions that are executable by the one or more processors to
cause the device to further perform:

determining whether the luma-to-chroma QP mapping table is signaled, based on a
table-present flag in the bitstream; and

in response to the table-present flag being a first value, determining the signaled

luma-to-chroma QP mapping table based on the mapping function.
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54. The non-transitory computer-readable storage medium according to clause 53,
wherein the set of instructions that are executable by the one or more processors to cause the
device to further perform:

in response to the table-present flag being a second value, determining a luma-to-
chroma QP mapping table based on a default mapping function.

55. A video decoding method, comprising:

receiving a bitstream of video data;

determining, based on a parameter in the bitstream, a number of control points
signaled by the bitstream, the control points defining a mapping function for a luma-to-
chroma quantization parameter (QP) mapping table, and

in response to the parameter indicating that no control point is signaled, determining a
one-piece mapping function.

56. A system for video decoding, comprising:

a memory configured to store instructions; and

one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:

receive a bitstream of video data;

determine, based on a parameter in the bitstream, a number of control points
signaled by the bitstream, the control points defining a mapping function for a luma-
to-chroma quantization parameter (QP) mapping table, and

in response to the parameter indicating that no control point is signaled,
determine a one-piece mapping function.
57. A non-transitory computer-readable storage medium storing a set of instructions

that are executable by one or more processors of a device to cause the device to perform:

receiving a bitstream of video data;
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determining, based on a parameter in the bitstream, a number of control points
signaled by the bitstream, the control points defining a mapping function for a luma-to-
chroma quantization parameter (QP) mapping table, and

in response to the parameter indicating that no control point is signaled, determining a
one-piece mapping function.

58. A video processing method, comprising:

signaling a first flag indicating whether a luma-to-chroma quantization parameter
(QP) mapping table is signaled in a Sequence Parameter Set (SPS) of a video data;

determining whether the first flag indicates the luma-to-chroma QP mapping table is
signaled; and

in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is signaled, signaling the luma-to-chroma QP mapping table.

59. The method according to clause 58, wherein the luma-to-chroma QP mapping
table is determined based on a default mapping function in response to the first flag being
determined to indicate the luma-to-chroma QP mapping table is not signaled.

60. The method according to any one of clauses 58 and 59, further comprising:

in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is signaled, signaling a second flag indicating whether one luma-to-chroma QP
mapping table for a Cb component and a Cr component is signaled or a first lJuma-to-chroma
QP mapping table for the Cb component and a second luma-to-chroma QP mapping table for
the Cr component are signaled.

61. The method according to clause 60, further comprising:

in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is signaled, signaling a third flag indicating whether a luma-to-chroma QP

mapping table for joint CbCr residues is signaled.
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62. The method according to clause 61, wherein the luma-to-chroma QP mapping
table for joint CbCr residues is determined based on the luma-to-chroma QP mapping tables
for Cb residues and for Cr residues in response to the third flag being determined to indicate
the luma-to-chroma QP mapping table for joint CbCr residues is not signaled.

63. A system for video processing, comprising:

a memory configured to store instructions; and

one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:

signal a first flag indicating whether a luma-to-chroma quantization parameter
(QP) mapping table is signaled in a Sequence Parameter Set (SPS) of a video data;

determine whether the first flag indicates the luma-to-chroma QP mapping
table is signaled; and

in response to the first flag being determined to indicate the luma-to-chroma

QP mapping table is signaled, signal the luma-to-chroma QP mapping table.

64. The system according to clause 63, wherein the luma-to-chroma QP mapping
table is determined based on a default mapping function in response to the first flag being
determined to indicate the luma-to-chroma QP mapping table is not signaled.

65. The system according to any one of clauses 63 and 64, wherein the one or more
processor are further configured to execute the instructions to cause the system to:

in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is signaled, signal a second flag indicating whether one luma-to-chroma QP
mapping table for a Cb component and a Cr component is signaled or a first lJuma-to-chroma
QP mapping table for the Cb component and a second luma-to-chroma QP mapping table for

the Cr component are signaled.
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66. The system according to clause 65, wherein the one or more processor are further
configured to execute the instructions to cause the system to:

in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is signaled, signal a third flag indicating whether a luma-to-chroma QP
mapping table for joint CbCr residues is signaled.

67. The system according to clause 66, wherein the luma-to-chroma QP mapping
table for joint CbCr residues is determined based on the luma-to-chroma QP mapping tables
for Cb residues and for Cr residues in response to the third flag being determined to indicate
the luma-to-chroma QP mapping table for joint CbCr residues is not signaled.

68. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

signaling a first flag indicating whether a luma-to-chroma quantization parameter
(QP) mapping table is signaled in a Sequence Parameter Set (SPS) of a video data;

determining whether the first flag indicates the luma-to-chroma QP mapping table is
signaled; and

in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is signaled, signaling the luma-to-chroma QP mapping table.

69. The non-transitory computer-readable storage medium according to clause 68,
wherein the luma-to-chroma QP mapping table is determined based on a default mapping
function in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is not signaled.

70. The non-transitory computer-readable storage medium according to any one of
clauses 68 and 69, wherein the set of instructions that are executable by the one or more

processors to cause the device to further perform:
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in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is signaled, signaling a second flag indicating whether one luma-to-chroma QP
mapping table for a Cb component and a Cr component is signaled or a first lJuma-to-chroma
QP mapping table for the Cb component and a second luma-to-chroma QP mapping table for
the Cr component are signaled.

71. The non-transitory computer-readable storage medium according to clause 70,
wherein the set of instructions that are executable by the one or more processors to cause the
device to further perform:

in response to the first flag being determined to indicate the luma-to-chroma QP
mapping table is signaled, signaling a third flag indicating whether a luma-to-chroma QP
mapping table for joint CbCr residues is signaled.

72. The non-transitory computer-readable storage medium according to clause 71,
wherein the luma-to-chroma QP mapping table for joint CbCr residues is determined based
on the luma-to-chroma QP mapping tables for Cb residues and for Cr residues in response to
the third flag being determined to indicate the luma-to-chroma QP mapping table for joint
CbCr residues is not signaled.

73. A video processing method, comprising:

signaling a delta input value of a first control point and a second control point in a
Sequence Parameter Set (SPS) of a video data, wherein the delta input value is a difference
between input values of the first and second control points defining a mapping function for a
luma-to-chroma quantization parameter (QP) mapping table; and

signaling a difference between an input value of the second control point and an
output value of the second control point in the SPS.

74. A video processing method, comprising:
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signaling a delta input value of a first control point and a second control point in a
Sequence Parameter Set (SPS) of a video data, wherein the delta input value is a difference
between input values of the first and second control points defining a mapping function for a
luma-to-chroma quantization parameter (QP) mapping table; and

signaling a difference between the delta input value and a delta output value of the
first and second control points, wherein the delta output value is a difference between output
values of the first and second control points.

75. A video processing method, comprising:

signaling a first flag in a Sequence Parameter Set (SPS) of a video data, the first flag
indicating whether nonzero values of signaled control points have a same sign, the control
points defining a mapping function for a luma-to-chroma quantization parameter (QP)
mapping table;

determining whether the first flag indicates nonzero values of signaled control points
have a same sign; and

in response to the first flag being determined to indicate nonzero values of signaled
control points have a same sign, signaling a second flag in the SPS indicating whether the
sign is positive or negative.

76. A video processing method, comprising:

signaling a first delta output value of a first boundary control point and a first adjacent
control point in a Sequence Parameter Set (SPS) of a video data, wherein the first adjacent
control point is a control point adjacent to the first boundary control point in a mapping
function, the delta output value is a difference between output values of the first boundary
control point and the first adjacent control point, and the mapping function defines a luma-to-

chroma quantization parameter (QP) mapping table; and
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signaling a second delta output value of a second boundary control point and a second
adjacent control point in the SPS, wherein the second adjacent control point is a control point
adjacent to the second boundary control point in the mapping function, the second delta
output value is a difference between output values of the second boundary control point and
the second adjacent control point.
77. A system for video processing, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
signal a delta input value of a first control point and a second control point in a
Sequence Parameter Set (SPS) of a video data, wherein the delta input value is a
difference between input values of the first and second control points defining a
mapping function for a luma-to-chroma quantization parameter (QP) mapping table;
and
signal a difference between an input value of the second control point and an
output value of the second control point in the SPS.
78. A system for video processing, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
signal a delta input value of a first control point and a second control point in a
Sequence Parameter Set (SPS) of a video data, wherein the delta input value is a
difference between input values of the first and second control points defining a
mapping function for a luma-to-chroma quantization parameter (QP) mapping table;

and
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signal a difference between the delta input value and a delta output value of
the first and second control points, wherein the delta output value is a difference
between output values of the first and second control points.
79. A system video processing, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the

instructions to cause the system to:

signal a first flag in a Sequence Parameter Set (SPS) of a video data, the first
flag indicating whether nonzero values of signaled control points have a same sign,
the control points defining a mapping function for a luma-to-chroma quantization
parameter (QP) mapping table;

determine whether the first flag indicates nonzero values of signaled control
points have a same sign; and

in response to the first flag being determined to indicate nonzero values of
signaled control points have a same sign, signal a second flag in the SPS indicating
whether the sign is positive or negative.
80. A system for video processing, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the

instructions to cause the system to:
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signal a first delta output value of a first boundary control point and a first

adjacent control point in a Sequence Parameter Set (SPS) of a video data, wherein the

first adjacent control point is adjacent to the first boundary control point in a mapping

function, the delta output value is a difference between output values of the first

boundary control point and the first adjacent control point, and the mapping function

defines a luma-to-chroma quantization parameter (QP) mapping table; and

signaling a second delta output value of a second boundary control point and a

second adjacent control point in the SPS, wherein the second adjacent control point is

adjacent to the second boundary control point in the mapping function, the second

delta output value is a difference between output values of the second boundary

control point and the second adjacent control point.

81. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

signaling a delta input value of a first control point and a second control point in a
Sequence Parameter Set (SPS) of a video data, wherein the delta input value is a difference
between input values of the first and second control points defining a mapping function for a
luma-to-chroma quantization parameter (QP) mapping table; and

signaling a difference between an input value of the second control point and an
output value of the second control point in the SPS.

82. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

signaling a delta input value of a first control point and a second control point in a
Sequence Parameter Set (SPS) of a video data, wherein the delta input value is a difference
between input values of the first and second control points defining a mapping function for a

luma-to-chroma quantization parameter (QP) mapping table; and
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signaling a difference between the delta input value and a delta output value of the
first and second control points, wherein the delta output value is a difference between output
values of the first and second control points.

83. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

signaling a first flag in a Sequence Parameter Set (SPS) of a video data, the first flag
indicating whether nonzero values of signaled control points have a same sign, the control
points defining a mapping function for a luma-to-chroma quantization parameter (QP)
mapping table;

determining whether the first flag indicates nonzero values of signaled control points
have a same sign; and

in response to the first flag being determined to indicate nonzero values of signaled
control points have a same sign, signaling a second flag in the SPS indicating whether the
sign is positive or negative.

84. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

signaling a first delta output value of a first boundary control point and a first adjacent
control point in a Sequence Parameter Set (SPS) of a video data, wherein the first adjacent
control point is adjacent to the first boundary control point in a mapping function, the delta
output value is a difference between output values of the first boundary control point and the
first adjacent control point, and the mapping function defines a luma-to-chroma quantization

parameter (QP) mapping table; and
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signaling a second delta output value of a second boundary control point and a second
adjacent control point in the SPS, wherein the second adjacent control point is adjacent to the
second boundary control point in the mapping function, the second delta output value is a
difference between output values of the second boundary control point and the second
adjacent control point.
85. A video processing method, comprising:
signaling a number of control points in a Sequence Parameter Set (SPS) of a video
data, the control points defining a mapping function for a luma-to-chroma quantization
parameter (QP) mapping table;
determining whether the number of control points larger than zero; and
in response to the number of control points being determined to be larger than zero,
signaling the luma-to-chroma QP mapping table,
wherein the luma-to-chroma QP mapping table is not signaled in response to the
number of control points being determined to be equal to zero.
86. A system for video processing, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
signal a number of control points in a Sequence Parameter Set (SPS) of a
video data, the control points defining a mapping function for a luma-to-chroma
quantization parameter (QP) mapping table;
determine whether the number of control points larger than zero; and
in response to the number of control points being determined to be larger than

zero, signal the luma-to-chroma QP mapping table,
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wherein the luma-to-chroma QP mapping table is not signaled in response to

the number of control points being determined to be equal to zero.

87. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

signaling a number of control points in a Sequence Parameter Set (SPS) of a video
data, the control points defining a mapping function for a luma-to-chroma quantization
parameter (QP) mapping table;

determining whether the number of control points larger than zero; and

in response to the number of control points being determined to be larger than zero,
signaling the luma-to-chroma QP mapping table,

wherein the luma-to-chroma QP mapping table is not signaled in response to the
number of control points being determined to be equal to zero.

[00173] It should be noted that, the relational terms herein such as “first” and
“second” are used only to differentiate an entity or operation from another entity or operation,
and do not require or imply any actual relationship or sequence between these entities or

e

operations. Moreover, the words “comprising,” “having,” “containing,” and “including,” and
other similar forms are intended to be equivalent in meaning and be open ended in that an
item or items following any one of these words is not meant to be an exhaustive listing of
such item or items, or meant to be limited to only the listed item or items.

[00174] As used herein, unless specifically stated otherwise, the term “or”
encompasses all possible combinations, except where infeasible. For example, if it is stated
that a component may include A or B, then, unless specifically stated otherwise or infeasible,

the component may include A, or B, or A and B. As a second example, if it is stated thata

component may include A, B, or C, then, unless specifically stated otherwise or infeasible,

68



WO 2021/040907 PCT/US2020/042739

the component may include A, or B, or C, or A and B, or A and C, or B and C, or A and B
and C.

[00175] Itis appreciated that the above described embodiments can be implemented
by hardware, or software (program codes), or a combination of hardware and software. If
implemented by software, it may be stored in the above-described computer-readable media.
The software, when executed by the processor can perform the disclosed methods. The
computing units and other functional units described in the present disclosure can be
implemented by hardware, or software, or a combination of hardware and software. One of
ordinary skill in the art can also understand that multiple ones of the above described
modules/units may be combined as one module/unit, and each of the above described
modules/units may be further divided into a plurality of sub-modules/sub-units.

[00176] In the foregoing specification, embodiments have been described with
reference to numerous specific details that can vary from implementation to implementation.
Certain adaptations and modifications of the described embodiments can be made. Other
embodiments can be apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. It is intended that the
specification and examples be considered as exemplary only, with a true scope and spirit of
the invention being indicated by the following claims. It is also intended that the sequence of
steps shown in figures are only for illustrative purposes and are not intended to be limited to
any particular sequence of steps. As such, those skilled in the art can appreciate that these
steps can be performed in a different order while implementing the same method.

[00177] In the drawings and specification, there have been disclosed exemplary
embodiments. However, many variations and modifications can be made to these
embodiments. Accordingly, although specific terms are employed, they are used in a generic

and descriptive sense only and not for purposes of limitation.
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WHAT IS CLAIMED IS:

1. A video decoding method, comprising:

receiving a bitstream of video data;

determining whether a luma-to-chroma quantization parameter (QP) mapping table is
signaled, based on a first flag in the bitstream; and

in response to the first flag being a first value, determining the signaled luma-to-

chroma QP mapping table based on the bitstream.

2. The method according to claim 1, wherein determining the signaled luma-to-
chroma QP mapping table based on the bitstream comprises:

determining, based on the bitstream, a signaled mapping function; and

determining the signaled luma-to-chroma QP mapping table based on the signaled

mapping function.

3. The method according to claim 2, wherein determining the signaled mapping
function comprises:

determining the signaled mapping function based on a control point.

4. The method according to claim 3, further comprising:
determining, based on the bitstream, at least one of a luma input value or a chroma

output value associated with the control point.

5. The method according to claim 1, further comprising:
in response to the first flag being a second value, determining a luma-to-chroma QP

mapping table based on a default mapping function.
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6. The method according to claim 1, wherein determining the signaled luma-to-
chroma QP mapping table based on the bitstream comprises:

determining a number of luma-to-chroma QP mapping tables that are signaled in the
bitstream, based on a second flag in the bitstream; and

in response to the second flag being a third value, determining that the signaled luma-
to-chroma QP mapping table applies to both a first chroma component and a second chroma

component.

7. The method according to claim 6, further comprising:
in response to the second flag being a fourth value, determining that signaled luma-to-
chroma QP mapping table comprises:
a first table applying to the first chroma component, and

a second table applying to the second chroma component.

8. The method according to claim 6, wherein:
the first chroma component is a Cb component, and the second chroma component is

a Cr component.

9. The method according to claim 1, further comprising:

determining whether a luma-to-chroma QP mapping table for joint CbCr residues is
signaled, based on a third flag in the bitstream; and

in response to the third flag being a fifth value, determining the signaled luma-to-

chroma QP mapping table for the joint CbCr residues.
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10. The method according to claim 9, further comprising:
in response to the third flag being a sixth value, determining a luma-to-chroma QP
mapping table for the joint CbCr residues, by averaging a first luma-to-chroma QP mapping

table for Cb residues and a second luma-to-chroma QP mapping table for Cr residues.

11. A system for video decoding, comprising:
a memory configured to store instructions; and
one or more processors coupled to the memory and configured to execute the
instructions to cause the system to:
receive a bitstream of video data;
determine whether a luma-to-chroma quantization parameter (QP) mapping
table is signaled, based on a first flag in the bitstream; and
in response to the first flag being a first value, determine the signaled luma-to-

chroma QP mapping table based on the bitstream.

12. The system according to claim 11, wherein the one or more processor are further
configured to execute the instructions to cause the system to:

determine, based on the bitstream, a signaled mapping function; and

determine the signaled luma-to-chroma QP mapping table based on the signaled

mapping function.

13. The system according to claim 11, wherein the one or more processors are further
configured to execute the instructions to cause the system to:
in response to the first flag being a second value, determine a luma-to-chroma QP

mapping table based on a default mapping function.
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14. The system according to claim 11, wherein the one or more processors are further
configured to execute the instructions to cause the system to:

determine a number of luma-to-chroma QP mapping tables that are signaled in the
bitstream, based on a second flag in the bitstream; and

in response to the second flag being a third value, determine that the signaled luma-to-
chroma QP mapping table applies to both a first chroma component and a second chroma

component.

15. The system according to claim 11, wherein the one or more processors are further
configured to execute the instructions to cause the system to:

determine whether a luma-to-chroma QP mapping table for joint CbCr residues is
signaled, based on a third flag in the bitstream; and

in response to the third flag being a fifth value, determine the signaled luma-to-

chroma QP mapping table for the joint CbCr residues.

16. The system according to claim 15, wherein the one or more processors are further
configured to execute the instructions to cause the system to:

in response to the third flag being a sixth value, determine a luma-to-chroma QP
mapping table for the joint CbCr residues, by averaging a first luma-to-chroma QP mapping

table for Cb residues and a second luma-to-chroma QP mapping table for Cr residues.

17. A non-transitory computer-readable storage medium storing a set of instructions
that are executable by one or more processors of a device to cause the device to perform:

receiving a bitstream of video data;
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determining whether a luma-to-chroma quantization parameter (QP) mapping table is
signaled, based on a first flag in the bitstream; and
in response to the first flag being a first value, determining the signaled luma-to-

chroma QP mapping table based on the bitstream.

18. The non-transitory computer-readable storage medium according to claim 17,
wherein determining the signaled luma-to-chroma QP mapping table based on the bitstream
comprises:

determining, based on the bitstream, a signaled mapping function; and

determining the signaled luma-to-chroma QP mapping table based on the signaled

mapping function.

19. The non-transitory computer-readable storage medium according to claim 17,
wherein the set of instructions that are executable by the one or more processors to cause the
device to further perform:

in response to the first flag being a second value, determining a luma-to-chroma QP

mapping table based on a default mapping function.

20. The non-transitory computer-readable storage medium according to claim 17,
wherein determining the signaled luma-to-chroma QP mapping table based on the bitstream
comprises:

determining a number of luma-to-chroma QP mapping tables that are signaled in the

bitstream, based on a second flag in the bitstream; and
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in response to the second flag being a third value, determining that the signaled luma-
to-chroma QP mapping table applies to both a first chroma component and a second chroma

component.

21. The non-transitory computer-readable storage medium according to claim 17,
wherein the set of instructions that are executable by the one or more processors to cause the
device to further perform:

determining whether a luma-to-chroma QP mapping table for joint CbCr residues is
signaled, based on a third flag in the bitstream; and

in response to the third flag being a fifth value, determining the signaled luma-to-

chroma QP mapping table for the joint CbCr residues.
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Table 1 - Specification of QpC as a function of gP1 for ChromaArrayType equal to |

gPt { <30 [30i31132{33{34135i36(37{38{39140|41 4243 >43

Qpci=qP1 2930

(V8]

1132133 133i34[34135135136|36|37137|=qgP1—6

FIG. 5

Table 2 — The syntax structure of signaling the chroma QP tables

scquence parameter set( ) { Bescripior

i ChromaArrayType 1=0) {

same_gp table for chroma u(l)
for(i1=0; 1 <samec gp table for chroma?1:3;1++) {
num_points_in_gp table minusifi] ue{v}
for = 00§ <= pum_poinds 18 gp table msusifi |t ) 4
delta_qgp in val minusif ;] wel{v)
defta gp out valf 1]} ue(v)

-

(o)

N {0

FIG. 6
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700

Chroma (p mapping function

...... A & ......... .......... .......... ........... .......... ........... ......... ......... /, .......... —
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FIG. 7

6/33



WO 2021/040907

PCT/US2020/042739

Table 3 — The derivation of the chroma QP tables in VYV draft 6

Derivation process

Description

gpinValf 1 {{ 0 | = ~QpBdUOffsetc + delta qp in val muinusifi}f 0]
gpOutVal] 1 {0 1= ~QpBdOffsete + delta_gp oot val{ 1 0]

Initial input and
output coordinates

for{(j=1;j <= nom_poinds in qgp table mumusif{i} ji+){

apOutVall i ]{ j 1~ qpOutValf i ] j ~ 1] + delta_qp_out_valli }[j ]

H

Set the 1nput and
output coordinates
of each picce

Chroma(QpTablel i {{ gpinVal{ 1110 ] 1= qpOuValf 1 {] 0 ]

Initiahize the table
at the beginning
of the first
intermediate piece

for{k=gplnval{i }{ 01— 1; k>=-0QpBdOffscic; k — —)
ChromaQpTablef i [{ k | = Clip3(—QpBdOfisetc, 63, ChromaQpTablel ij[k+1]-1)

Derivation of the
leftmost piece

sh={dehta_gp in val minesi{i{i+1{+2)>>1
for(k=qgplnVal{ij{ji+ Lm=Lk<=gplwalli i+ 1 }; k++, m++)
ChromaQpTablel i || k | = ChromaQpTablel 1 {{ gpInVal[ i }[j] ]+
(delta_gp out val{iii+1}*m+sh)/(delta_gp m val muousi{iii+ 1]+ 1)
5

Derivaion of each
intermediate picce

ChromaQpTable] i ]| k | = Clip3( —QpBdOfisetc, 63, ChromaQpTablelijf k- 1]+ 1)

Derivation of the
rightmost piece

FIG. 8
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Table 4 - The proposed syntax structure of signaling the chroma QP tables

sequence parameter set 3 {

Descriptor
iff ChromaArrayType 1=0) {
qp_table for chroma present flag ufly
if{gp table for chroma present flag){
same_gp table for chor uil)
if(sps_jomt cber enablked flag)
gp_table for jointcher present flag il
¥
for(i=0:1<2-smne_qgp table jor cher+
gp table for jointcher present flag) i++ )¢
num points_in_gp_table minusifi} ue(v)
for( ;= 0,1 <=num _poinis m_gp fable minusl{i |, j++)¢{
delia_gp _in_val minuasi{i]]j] ue(v)
delta qp out val[1}{1] ue(v}
Y
3
3
3
1
5
3
5

FIG. 9
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Table 8 — The proposed syntax structure of signaling the chroma QP tables

sequence parameter set ) { Descriptor
iff ChromaArrayType 1=0) {
same_qp_table for chroma u(l)
for{ 1= U; 1 <samc_qp_tablc for chroma?1:3;i++) ¢
mun points in gp table minustfi] ue(v)
for( j= 0,1 <=num_poinds 0 _gp table misustfi ] 34+ ) {
delta gp in val minusif{i{]j} ue(v)
gp out val diffin/ i ]/7] s2{v)

[

(o)

FIG. 10
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Table 6 — The derivation of the chroma QP tables

PCT/US2020/042739

Derivation process

Bescription

Jor{j=1i;j<=wnum _poinis_in _qp table minusi/i ], j++ )} {
gpinbalf P 7 i [ =qpin¥adl i j7j— 1]+ delta qp in val minusifi[{j]+ 1

!
s

Set the mput
coordinates of
cach picce s

for (3=20; ] <=num pomis in gp table muusifi L+ ) {

3}
5

Set the output
coordinates of
gach picce

ChromaQpTable] 1 }{ qplnVall 1 }[ 0] ] = gpOwtVal{ 1 ] 0 ]

Initialize the
table

for (k=gpinVali{{ 0§ 1, k>=-OpBdOieicc k —~ )
ChromaQpTable] 1 ] k ] = Clip3( ~QpBdOffsetc, 63,
ChromaQpTablef1 {k+1}1-1)

Derivation of the
lefimost piece

for {3=0;1 <num poinis in gp table munusi] 1 ]; j++) {
sh=(delta gp n val minusi{ijj+1}+2)>>1
for(k=gplaVal[1 }j{j]+ Lm=1k<=gplnval[ 1 }]fj+ 1 |, k++, m++)
ChromaQpTable] i j[ k | = ChromaQpTabief i [f qpinValf i ][] ]+
((qpOutValf i J[j + 1]~ qpOutVall i J[j]) ¥m+ sh )/

Derivaion of
cach
intermediate
piece

for(k=qgplaVal] 1 Hf num pomts i gp table mumusi{i1}i+ 1k <=03; k++)

ChromaQpTable] 1  k | = Chp3( ~QpBdOffsetc, 63, ChromaQpTable] i j[k -1 ]+

b

Dertvation of the
rightmost piece

FIG. 11
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Table 7 — Comparison between the current VVC and the proposed syntax structure when

deriving the chroma QP tables

index O 1

delta gp in val numustfi}{ 2] 43 11
delta_qp out valf 1}{ 2 ] (VVC drafi 6) 44 9
Number of bins (VVC draft 6) 11 7
gp_out_val diffinf1 }[ 2 | (proposed) 0 +3
Number of bins (proposed) 1 4

FIG. 12
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Table & - The proposed syntax structure of signaling the chroma QP tables

sequonce parameter set( ) { Descriptor

i ChromaAmayType t=0) {

same_qp_table for chroma u(l)

for{ 1= U; 1 <samc_qp_tablc for chroma?1:3;i++) ¢

num_points_in_gp_table minusifi] ue(v)

ford § = 0§ <= num_poinds 1w gp table mumust{i ] j++ ) {

delta_gp_in_val minusi{i{]]] ue(v)

diff delta_in_defta onwt [1]] 7] se{v)

—~

S

[

(o)

FIG. 13
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Table ¢ — The derivation of the chroma QP tables

PCT/US2020/042739

Derivation process

Description

gplnVall 1 || 0 | = —QpBdOftsete + delta gp in val minusif1]] 0]
gpCutVeli i Jf 0 ] = ~0pBdOffsetC + delta_qp in val minusi{i]Jf 0]+ 1~
diff delta in delic out/ i [{ 0]

Initial imput and
output coordinate

golnValf1Hjl=gwnVal[i}{j—1]+declta gp in val minustfif{j]+1
gpOutVall i 117 ] = qpCutbadf T 1] 7 — 1 ]+ delta gp in val minusifi jf 07+ 1 -
delta gp ouf val minusin [ ]]7]

3
s

Set the output
coordinates of
cach piece

ChromaQpTable] 1 ]| gpInVal] 1 }[ 0]} = gpOutValf 1 }] 0 }

Initialize the
table

for (k=gpinValj i} 0] - I, k>=-QpBdOifsetc; k — )
ChromaQpTablef 1 | k | = Clip3( —QpBdOffsetc, 63,

ClhromaQpTablef1}l{k+1]-1)

Derivation of the
lefimost picce

{delta gp in val munusl[i]fj+ 1] +1-diff deita in delta out/ i Jfi + i} *

Derivaion of
cach
ntermediate
picce

ChromaQpTable] 1 | k | = Chp3( —QpBdOffsetc, 63, ChromaQpTablef 1 }f k-1 } +
1)

Derivation of the
rightmost piece

FIG. 14
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Table 18 — Comparison between the current VVC and the proposed syntax structure

when deriving the chroma QP tables

index O 1

delta gp in val numustfi}{ 2] 43 11
delta_qp out valf 1}{ 2 ] (VVC drafi 6) 44 9
Number of bins (VVC draft 6) 11 7

diff delta in delta ouot [ 1] 2 | (proposed} 0 +3
Number of bins (proposed) 1 4

FIG. 15
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Table 11 — The proposed syntax structure of signaling the chroma QP tables

sequonce parameter set( ) { Descriptor

i ChromaAmayType t=0) {

same_gp_table for chroma u(l)

for{i=0; 1 <same¢ gp table for chroma? 1 :3;1++ ) {

num_points_in gp_table minusifi] ue(v)
out _vai cross sign flag/i ] ufly

iff leross_sign flagli])

out val sign flag/ i ] uil)

for § = 0§ <= num_poings 1w gp table misusl{ i} g+

g
i

delta_gp_in_val minusi{i{]]] ue(v)

ificross sign flagli])

ap out val diffinf i]{i] se(vh
elsef
gy _out val diffin{ i ]{j] se(v)

[

(o)

FIG. 16
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Table 12 - Comparison between the current VV{ and the proposed syntax structure with sign

constraint element when deriving the chroma QP tables

out_val cross out_val sign
trdex 0 1
_sign flag{ 0] _flag{ 0]
delta gp m val vunusi{ ][ 2] 43 11
delta gp out val{ 1 [ 2 1 (VVC draft 6} 44 9 _ _
MNuraber of bins (VV draft 6) 11 7 _ _
gp_out val diffinf 11] 2} (proposed) 0 3 0 0
Nuriber of bins (proposed) 1 3 I 1

FIG. 17
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chroma Qp mapping function

--&-- adjusted mapping function — - current mapping function

FIG. 18
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Table 13 — The proposed syntax structure of signaling the chroma QP tables

sequence parameter set( ) { Descriptor

if{ ChromaArray Type 1=0) {

same gp table for chroma u(l)
for 1=, {<same gp table for chroma? 1.3, 1++ ) {
num_points_in_gp table minusifi] ue(v)
delte gp out val [i]1 0] ue(v)
Jor{j =1, j <= num _points_in qp table minusifi ]+ 1, j++ }{
delta_qgp in val minusif ;] ue{v)
defta qp out vai{ij[j] ue(v)
}
delta_qp out val [ i ][ num _points_in gp table minusl| i [+2] He(v)

(o)

FIG. 19
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Table 14 — The new derivation process of the chroma QP table

Derivation process

Description

gpinValf 1 }{ ¢ 1 = ~QpBdOffsetc

gpOutVal] 11] 0 | = ~QpBdCifsete + delta_gp_out val{ i1 0 1

Jor () =1;] <= num points in_qp table minusl{i] + 1;j++){
gplnVall i [l 1=gploVal{1}fi— 11 +dela gp i val minusi{iHji+1
qpOutVall i {3 1=qpOumtVall 1 ]{j— 1§+ delta_gp_out val[1}[i]

¥

delta gp in val minusl/ i ] num points in qp table minusif i J+2] = 62 -

gpinVall i [ num_points_in gp table minuslfi [+1]

qrOwtVall i [ mum_points in_qgp table minusifij+2 ] =

ipOutVall i Jf num_poinis_in_qp table minusifi ]J+1 ]+

st the mput and
output coordinates
of each piece

ChromaQpTablef i [{ gpInVal{ 1] 0] 1= qpOutvalf 1 ][ 0 ]

Inttialize the table

Jor (j =0, ] <wmum_points_in_gp table minuslfi [+2; j++ } {
for(k = qplnVal{ i 11+ 1, m = 1; k <= gqplnval] i J[j + 1 ] k++, mt+)
ChromaQpTable{ 1}{ k | = ChromaQpTable{ i }{ gplnvalli}fj |+
(delta gp out val{illj+ 1} *m+sh)/
delta gp in val mimusi{ijj+1i+1)

p
AN
h

derivation of each
piece

FIG. 20
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mdex 0 I
delta gp in val minusi{ O }f 2} 43 11
delta gp out valf 0 [ 21 44 9

FIG. 21

Table 16 — The default values when
gp_table for chroma present flag equals to 0

ndex 0 I
delta gp i val minusi{ O} 2] 43 i1
qp_out val diffinf 0 }{ 2} 0 +3
diff delta i delta out{ O} 2} 0 +3

FIG. 22

Table 17 — The defavlt values when
gp_table for chroma present flag equals to O

mdex 0 I 2 3
delta gp m val minusl{0}{2] null 43 i1 null
delta_gp out val [0}[4] {0 44 9 19

FIG. 23
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Table 18 - The proposed syntax structure of signaling the control points

sequonce parameter set( ) { Descriptor
iff ChromaAmayType 1= 0) {
samme_gp iable for chroma u(l)
for(i=0; 1 <same qp table for chroma? 13, 1++) ¢
num_poinis_in_gp table/i] ue(v)
iff num_points_in_gp tablef i ] > 0)f
for(j =0 ] <num_points_in_gp table[1];j++) {
delta gp in val misusi[113] ue(v)
delta gp out val[ ][] uelv)
H
}
H
3

[

FI1G. 24
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2502

e

Receive a bitstream of video data -
2504
Determine whether a luma-to-chroma QP mapping |
table 1s signaled, based on a first flag in the bitstream

. R " ~ , 2506

In response to the first flag bemg a first value, -

deternuine the signaled luma-to-chroma QF mapping
table based on the bitstream

FIG. 25
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26090
- 2602
Receive a bitstream of video data -
Determine, based on the bitstream, a difference 2604
between an input value of a control point and an
output value of the control pont, the control point
defining a mapping function for a luma-to-chroma QP
mapping table
- 2606

Determine the output value of the control point, based |
on the input value and the difference

. . . - 2608
Determine the mapping function based on the output |~

value of the control point

FIG. 26
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>

Receive a bitstream of video data

Determine, based on the bitstream, a difference
between a delta input value and a delta output value,
wherein the delta input value 1s a difference between
mput values of two control points defining a mapping
function for a luma-to-chroma QP mapping table, and
the delta output value is a difference between output

values of the two control points

Determine the cutput values of the two control points,
based on the difference between the delta input value
and the delta output value
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2704

2706

Determine the mapping function based on the output
values of the two control points

2708
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2864

- 2802
e
e
e

Receive a bitstream of video data

Determine, based on a first flag in the bitstream,
whether nonzero values of signaled control points
have a same sign, the control points defining a
mapping function for a lama-to-chroma QP mapping
table

2804

In response to the first flag being a first value, - 2806
determmne that the nonzero values of the signaled
contro] points have the same sign

FIG. 28
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2064

Receive a bitstream of video data

Deternmine, based on the bitstream, an output value of

a boundary point of a mapping function, the mappmg +

function defining a luma-to-chroma QP mapping table

Determine the mapping function based on the output
value of the boundary point

FIG. 29
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3064

002

3

-

Receive a bitstream of video data

Determing, based on a parameter in the bitstream, a

number of control points signaled by the bitstreamn, | — 3004

the control points defining a mapping function for a
luma-to-chroma (P mapping table

In response to the parameter indicating that no control |~ 3006
point 13 signaled, determine a one-picce mapping
function

FIG. 30
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3164

Signal a first flag indicating whether a lama-to- 3102
chroma QP mapping table is signaled ina SPS ofa |
video data

Determine whether the first flag mndicates the luma- | — 3104
to-chroma QP mapping table is signaled

In response to the first flag being determined to 3106
indicate the luma-to-chroma QP mapping tableis |
signaled, signal the lama-to-chroma QP mapping

table

FIG. 31
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Signal a delta input value of a first control pointand a | —

second control point in a SPS of a video data

Signal a ditference between an jnoput value of the
second control point and an cutput value of the
second control point in the SPS

3204

FIG. 32
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3364

. . : - 3302
Signal a delta input value of a first control pointand a | —
second control point in a SPS of a video data
Signal a difference between the delta input value and 3304

a delta output value of the first and second control |+
potts

FIG. 33
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34684

Signal a first flag in a SPS of a video data, the first 3402
flag indicating whether nonzero values of signaled |~
control points have a same sign

L

Determine whether the first flag indicates nonzero | — 3404
values of signaled control points have a same sign

In response to the first flag being determined to 3406
indicate nonzero values of signaled control points |
have a same sign, signal a second flag in the 8PS
indicating whether the sign is positive or negative

FIG. 34
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Signal a first delta output value of a first boundary
control point and a first adjacent control point ina
SPS of a video data

Signal a second delta output value of a second
boundary control point and a second adjacent control
point in the SPS
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3684

Signal a number of control points in a SPS of a video - 3602
data, the control points defining a mapping function |
for a huma-to-chroma QF mapping table

Determine whether the number of control points | — 3604
larger than zero

In response to the number of control points being - 36l6
determined to be larger than zero, signal the luma-to-
chroma QP mapping table

FIG. 36
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