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QUANTEZATION OFFSETS FOR DEPENDENT QUANTIZATION IN VIBEQO
CODING
{6001} This apphication claims priority to U.S. Patent Application No. 18/734,509, filed
June 05, 2024, and U S, Provisional Application No. 63/507 371, filed June 09, 2023,
the entire contents of which are hereby incorporated by reference herein. ULS, Patent
Application No. 18/734,509, filed hune 05, 2024 claims the benefit of U.S. Provisional

Application No. 63/507 371, filed hume 09, 2023,

TECHNICAL FIELD

{8002 Thus disclosure relates to video encoding and video decoding.

BACKGROUND

{60603} Digital video capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadcast systems, wircless broadeast
systers, personal digital assistants (FDAs), laptop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
plavers, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Digial video devices implernent video coding techunigues, such as
those described 1o the standards defined by MPEG-2, MPEG-4, ITU-TH.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), ITU-T H.265/High Efficiency
Video Coding (HEVC), ITU-T H.266/Versatile Video Coding (VV(), and extensions of
such standards, as well as proprietary video codecs/formats such as AOMedia Video 1
{AV 1} that was developed by the Alliance for Open Media. The video devices may
transmit, receive, encode, decode, and/or store digital video information more
efficiently by implementing such video coding technigues.

18004} Video coding techmigues include spatial (intra-picture) prediction and/or
temporal (inter-picture} prediction to reduce or remove redundancy inberent in video
sequences. For block-based video coding, a video slice {e.g.. a video picture ora
portion of a video picture) ray be partitioned into video blocks, which may also be
referred 1o as coding tree units (CTUs), coding units {CUs) and/or coding nodes. Video
blocks in an ntra~coded {1} slice of a picture arc encoded using spatial prediction with

respect to reference samples in neighboring blocks in the same picture. Video blocks in
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an inter-coded (P or B) slice of a picture may use spatial prediction with respect to
reference samples m neighboring blocks in the same picture or temporal prediction with
respect to reference samples in other reference pictures. Pictares may be referred to as

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

SUMMARY

{0005} Tn general, this disclosure describes techniques for a quantization offset scheme
for dependent quantization {¢.g., Trellis Coded Quantization). In quantization, a video
encoder and a video decoder may determine a quantizer from at least two guantizers {o
perform guantization {¢.g., by the video encoder) or inverse-quantization {¢.g., by the
video decoder) of coefficient values. The guantizer may determine a multiple by which
a coefficient level value of the coeflicient is multiplied to determine the guantization
parameter or inverse-quantization parameter. The at least two quantizers are referred to
as a first quantizer (Q0) or a second guantizer (Q1).

{8006} In quantization, the video encoder or video decoder may also determine a
quantization level from a plurality of guantization levels to perform guantization {c.g.,
by the video encoder) or inverse-guantization {e.g., by the video decoder) of coefficient
values. The quantization levels may be transform coefficient levels {e.g., based on the
coefficient levels of coefficients). The coeflicients may be residual values that are
transformed, where the residual values may be based on a difference between the actual
values of a block and a prediction signal.

{80871 In one or more examples, the video encoder and the video decoder may apply
different offsets based on a guantization level and/or quantizer for a coefficient to
determine the multiple by which the coefficient level value of the coefficient is
raultiphed to determine the quantization parameter or inverse~-gquantization parameter,
That is, a first offset may be assoctated with a first quantization level and/or quantizer
30, and a second, different offsct may be associated with a second guantization level
and/or quantizer Q1. By applying different offscts based on the quantization level, the
example techniques may result in quantizing coefficient values that result in fewer bits
that are signaled, while maintaining video quality, as compared to other techniques in
which the same offset or no offset 1s applied to cach of the quantization levels. That is,
by applying the first offset when the quantization level 15 a first quantization level, and

applying the second offset when the guantization level is a second quantization level,
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the example techmques may reduce the amount of information that 1s signaled, as
compared to technigues o which the same offset or no offset 1s applied if the
quantization level is the first or second quantization level. In some examples, each
quantization level may be associated with a different offset.

{0008} Tn one example, the disclosure describes a method of processing video data, the
method comprising: determining a quantization level for a coefficient of a current block
from a plurality of quantization levels; determining an offset value based on the
quantization level, wherein the offset value is a first offset value based on the
quantization level being a first quantization level or a second, different offset value
based on the quantization level being a second quantization level, determining a
quantization parameter or an mverse-guantization parameter for the coetficient based on
the deternuned offset value: and as part of encoding or decoding the current block,
performing one of quantization or inverse-quantization for the coefficient based on the
determined guantization parameter or the determined mverse-quantization parameter.
{60609} In one exanple. the disclosure describes a device for processing video data, the
device comprising: one or more memorics configured to store the video data; and
processing circuitry coapled to the one or more memories, wherein the processing
circuitry is configured to: determine a quantization level for a cocfficient of a current
black fron a plurality of quantization levels; determine an offset value based on the
quantization level, wherein the offset value is a first offset value based on the
quantization level being a first quantization level or a second, different offset value
based on the quantization level being a second quantization level; determine a
quantization parameter or an fnverse-quantization parameter for the coefficient based on
the determined offset value, and as part of encoding or decoding the current block,
perform one of quantization or inverse-quantization for the coefficient based on the
determnined quantization parameter or the determined inverse-guantization parameter.
{8016} In one example, the disclosure deseribes a computer-readable storage mediam
storing instructions thereon that when executed canse one or more processors o
determine a quantization level for a coefficient of a current block from a plurality of
quantization levels: determine an offset value based on the quantization level, wherein
the offset value 1s a first offset value based on the quantization level being a first
quantization level or a second, different offset value based on the quantization level
being a second guantization level; determine a quantization parameter or an inverse-

quantization parameter for the coefficient based on the deternumed offset value; and as
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part of encoding or decoding the current block, perform one of quantization or inverse-
quantization for the coefficient based on the determined gquantization parameter or the
determined mverse-guantization parameter.

{0811} The details of one or more examples are set forth in the accompanying drawings
and the description below. Other fearures, objects, and advantages will be apparent

from the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

{30312} FIG. 1 is a block diagram tllustrating an examaple video encoding and decoding
svstem that may perform the technigues of this disclosure.

{6613} FIG. 2 1s a block diagram itlusirating an example video encoder that may
perform the technigues of this disclosure.

{8814} FIG. 3 is a block diagram iflustrating an example video decoder that may
perform the technigues of this disclosure.

{0015} FIG. 4 15 a flowchart illustrating an example method for encoding a current
block in accordance with the technigues of this disclosure.

{6616} FIG. 5 15 a flowchant illustrating an example method for decoding a current
block i accordance with the techmigues of this disclosure.

{8817} FIG. 615 a conceptual diagram illustrating example of usage of two scalar
quantizers.

{0018} FIG. 7 1s a conceptual diagram illustrating a state transition scheme.

[B8018] FIG. 8 18 a conceptual diagram iHlustrating another example of usage of two
scalar quantizers.

18028} FIG. 9 s a flowchart illustrating a method of operation in accordance with one
or more examples of the techniques of this disclosure.

(66211 FIG. 10 15 a flowchart dlustrating a method of operation in accordance with one

or more exampies of the techniques of this disclosure.

DETAILED DESCRIPTION

{8022} 1o video cucoding, a video cncoder determines residual values between a current
block being encoded and a prediction block (e.g., determined from samples in another
picture for inter-prediction or from samples in same picture for infra-prediction). The

video encoder may perform a transform {¢.g., discrete cosine transform (BDCT)) on the
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residual values to generate coctiicient values. Performing a transform may be optional,
and in examples where the transform is skipped, the residual values may be considered
as coefficient valoes. The video encoder performs quantization on the coefficient values
based on quantization parameters. The video encoder, after endropy encoding {as an
example), signals the quantized coefficient value.

§8023] The video decoder performs the inverse process. For instance, the video decoder
recetves the quantized cocfficient values (e.g.. after entropy decoding}, and inverse-
quantizes the cocflicicnt values based on inverse-quantization paranacters. The video
decoder then performs inverse transform (if needed) to determine the residual values
that the video decoder adds to the prediction block {¢.g., prediction signal) to
reconstruct the current block.

{08024 This disclosure describes example techniques related to wtihizing quantization
offsets for performing quantization or inverse-quantization. Some guantization
technigues include quantizers, where the quantizer is based on a state machine scheme.
The quantizer may map cocfficient level values to aultiples of a quantization step size.
In accordance with one or more exaroples described in this disclosure, there may be
offsets assoctated with different guantizers. For instance, assume that there are two
quantizers, Q0 and Q1. In some examples, a first offset may be associated with Q0, and
a second, different offset may be associated with Q1. There may be more than two
quantizers.

{8025} Also, quantization technigues include guantization levels {e.g., coefficient
fevels). In accordance with one or more examples described o this disclosure, there
may be offsets associated with different quantization levels. In some examples, a first
offset may be assoctated with a first quantization level, and a second, different offset
may be associated with a second quantization level. There may be more than two
quantization levels.

[8026] Some other techiugues may rely on the same offset or no offset for the
guantizers or quantization levels. In such other techmques, the amount of quantization
applied to a coefficient may be less optimal resulting in insufficient quantization and
increased signaling bandwidth, or over quantization and reduced video quality. With
the example techmiques described in this disclosure, since the offsets based on the
quantizer and/or quantization level may be different, the resulting amount of
quantization may result in achieving proper balance of reduced signaling bandwidth,

while mamntaining video quality.
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18027} FIG. | 1s a block diagram illustrating an example video encoding and decoding
system {00 that may perform the technigues of this disclosure. The techniques of this
disclosure are generally directed to coding (encoding and/or decoding} video data. In
general, video data includes any data for processing a video. Thus, video data may
include raw, unencoded video, encoded video, decoded {e.g., reconstructed) video, and
video metadata, such as signaling data.

{3028} As shown in FIG. 1, system 100 includes a source device 102 that provides
encoded video data to be decoded and displaved by a destination device 116, in this
example. In particular, source device 102 provides the video data to destination device
116 via a computer-readable mediom 110, Source device 102 and destination device
116 may be or include any of a wide range of devices, such as desktop computers,
notebook (i.c., laptop) computers, mobile devices, tablet computers, set-top boxes,
telephone handsets such as smartphones, televisions, cameras, display devices, digital
media players, video gaming consoles, video streaming device, broadeast receiver
devices, or the like. Tn some cases, source device 102 and destmation device 116 may
be equipped for wireless communication, and thus may be referred to as wircless
communication devices.

8629} In the example of FIG. 1, source device 102 includes video source 104, memory
106, video encoder 200, and output interface 108, Destination device 116 includes
input interface 122, video decoder 300, memory 120, and display device 118, In
accordance with this disclosure, video encoder 200 of source device 102 and video
decader 300 of destination device 116 may be configured to apply the techniques for
quantization, such as quantization offsets for dependent quantization. Thaus, source
device 102 represents an example of a video encoding device, while destination device
116 represents an example of a video decoding device. In other examples. a source
device and a destination device may include other components or arrangements. For
example, source device 102 may receive video data from an external video source, such
as an external camera. Likewise, destination device 116 may interface with an external
display deviee, rather than include an integrated display device.

18036] System 100 as shown in FIG. | is merely one example. In gencral, any digital
video encoding and/or decoding device may perform techniques for quantization, such
as quantization offsets for dependent quantization. Source device 102 and destination
device 116 arc merely examples of such codmg devices in which source deviee 102

generates coded video data for transmission to destination device 116, This disclosure
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refers to a “coding” device as a device that performs coding {encoding and/or decoding)
of data. Thus, video encoder 200 and video decoder 300 represent examples of coding
devices, in particalar, a video encoder and a video decoder, respectively. In some
examples, source device 102 and destination device 116 may operate in a substantially
syounetrical manner such that cach of source device 192 and destination device 116
inclades video encoding and decoding components. Hence, system 100 may support
onc-way of two-way video transmission between source device 102 and destination
device 116, e.g., for video streaming, video playback, video broadcasting, or video
telephony.

{8631} In general, video source 104 reprosents a source of video data (.o, raw,
unencoded video data} and provides a sequential series of pictures {also referred to as
“frames”} of the video data to video encoder 200, which encodes data for the pictures.
Video source 104 of source device 102 may mchide a video captore device, such as a
video camera, a video archive containing previously captured raw video, and/or a video
feed wterface to receive video from a video content provider. As a further alternative,
video source 104 may gencrate computer graphics-based data as the source video, or a
combination of live video, archived video, and computer-generated video. In each case,
video encoder 200 encodes the captured. pre-captured, or computer-gencrated video
data. Video encoder 200 may rearrange the pictures from the recetved order (sometimes
referred to as “display order”) into a coding order for coding. Video encoder 200 may
generate a bitstream including encoded video data. Source device 102 may then cutput
the encoded video data via output interface 108 onto computer-readable medium 110 for
reception and/or retrieval by, e.g., input interface 122 of destination device 116.

{6032} Memory 106 of source device 102 and memory 120 of destination device 116
ropresent general purpose memories. In some examples, memories 106, 120 may store
raw video data, e.g., raw video trom video source 104 and raw, decoded video data from
video decoder 300, Additionally or alternatively, memornies 106, 120 may store software
mstructions executable by, e.g., video encoder 200 and video decoder 300, respectively.
Although memory 106 and memory 120 are shown separately from video encoder 200
and video decoder 300 in this example, 1 should be understood that video encoder 200
and video decoder 300 may also include mtemal memories for functionally simular or
equivalent purposes. Furthemmore, memorics 106, 120 may store encoded video data,

¢.g., output from video encoder 200 and mput to video decoder 360, In some cxamples,
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portions of memories 106, 120 may be allocated as one or more video buffers, ez, to
store raw, decoded, and/or encoded video data.

(8033} Computer-readable medivm 110 may represent any type of mediam or device
capable of transporting the encoded video data from source device 102 to destination
device 116, In one example, computer-readable medium 110 represents a
commuuication medium to enable source device 102 to transmit encoded video data
directly to destination device 116 i real-time, ¢.g., via a radic frequency network or
computer-based network. Output tderface 108 may modulate a transmission signal
including the encoded video data, and input interface 122 may demodulate the received
transmission signal, according to a communication standard, such as a wireless
communication protocol. The communication medivm may inchude any wireless or
wired comumunication medium, such as a radio frequency (RF} spectrum or one or more
physical transmission lines. The communication mediom may form part of a packet-
based network, such as a local arca network, a wide-arca network, or a global network
such as the Intemet. The communication medmm may include routers, switches, base
stations, or any other equipment that may be useful to facilitate communication from
source device 102 to destination device 116.

{8034} In some examples, source device 102 may output encoded data from output
interface 108 to storage device 112, Similarly, destination device 116 may access
encoded data from storage device 112 via input wterface 122, Storage device 112 may
include any of a variety of distributed or locally accessed data storage media such as a
hard drive, Blu-ray discs, BV Ds, CB-ROMs, flash memory, volatile or non-volatile
memory, or any other suitable digital storage media for storing encoded video data.
{8035} In some examples, source device 102 may output encoded video data to file
server 114 or another intcomediate storage device that may store the encoded video data
gencrated by scurce device 102, Destination device 116 may access stored video data
from file server 114 via streaming or download.

{8036} File server 114 may be any type of server device capable of storing encoded
video data and transmitting that encoded video data to the destination device 116, File
server 114 may represent a web server {e.g., for a website}, a server configured to
provide a file transfer protocol service (such as File Transfer Protocol (FTP) or File
Delivery over Unidirectional Transport {FLUTE} protocol}, a content defivery network
{CDN) device, a hvpertext transfer protocol (HTTP) server, a Multimedia Broadcast

Multicast Service {MBMS) or Enhanced MBMS (¢MBMS) server, and/or a network
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attached storage (NAS) device. File server 114 may, additionally or altematively.,
implement one or more HTTP streaming protocols, such as Dynamic Adaptive
Streaming over HTTP (DASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocol (RTSP), HTTP Dynamic Streaming, or the like.

{0037} Destination device 116 may access encoded video data from file server 114
through any standard data connection, inchuding an Internet connection. This may
inclode a wireless channel {¢.g., a Wi-F1 connection), a wired connection {e.g., digital
subscriber hine {BSL), cable modem, ¢tc.), or a combination of both that is suitable for
accessing encoded video data stored on file server 114, Input interface 122 may be
configured to operate according {o any one or mose of the various protocols discussed
above for retrieving or recetving media data from file server 114, or other such
protocols for retricving media data.

{3038} Cutpat mterface 108 and input interface 122 may represent wircless
transmitters/receivers, modems, wired networking components {¢.g., Ethernet cards),
wircless communication components that operate according to any of a variety of TEEE
802.11 standards, or other physical components. In examples where output mterface
108 and input interface 122 inclade wireless components, output interface 108 and input
interface 122 may be configured to transter data, such as encoded video data, according
to a cellular conmunication standard, such as 4G, 4G-LTE (Long-Term Hvolution),
LTE Advanced, 5G, or the hike. In some examples where output interface 108 includes
a wircless transmitier, output interface 108 and nput interface 122 may be configured fo
transfer data, such as encoded video data, according to other wireless standards, such as
an [EEE 802 11 specification, an IEEE 80215 specification (e.g., ZigBee™), a
Bluectooth™ standard, or the like. In some examples, source device 102 and/or
destination device |16 may include respective system-on-a-chip {So{’) devices. For
example, source device 102 may melude an SoC device to perform the functionality
attributed to video encoder 200 and/or output nterface 108, and destination deviee 116
may include an SoC device to perform the functionality attributed to video decoder 300
and/or input interface 122

10039} The techniques of this disclosure may be applied 1o video coding in support of
any of a variety of multimedia applications, such as over-the-air felevision broadcasts,
cable television transmissions, satellite television transmissions, Internet streaming

video transmissions, such as dynamic adaptive streanung over HUTP (DASH), digital
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video that is encoded onto a data storage medium, decoding of digital video stored ona
data storage medium, or other applications.

{8048} Input interface 122 of destination device 116 receives an encoded video
bitstream from computer-readable medium 110 {e.g.. a commmnication medium, storage
device 112, file server 114, or the like). The encoded video bitsircam may include
signaling information defined by video encoder 200, which 1s also used by video
decoder 300, such as syntax elements having values that describe characteristics and/or
processing of video blocks or other coded umits {e.g., slices, pictures, groups of pictures,
sequences, or the like}. Dhsplay deviee 118 displays decoded pictures of the decoded
video data to a user. Display device 118 may represent any of a vanety of display
devices such as a liquid crystal display (LCD), a plasma display, an organic hight
emitting diode (OLED) display, or another tvpe of display device.

{3041} Although not shown in FIG. 1, in some examples, video encoder 200 and video
decoder 300 may cach be mtograted with an audio encoder and/or audio decoder{e g,
audio codec), and may include appropriate MUX-DEMUX untis, or other hardware
and/or software, to handle multiplexed streams including both audio and video m a
common data stream. Example audio codecs may include AAC, AC-3, AC-4, ALAC,
ALS, AMBE, AMR, AMR-WB (G.722.2). AMR-WB+, aptx {various versions),
ATRAC, BroadVoice (BV 16, BV32), CELT, Enhanced AC-3 (E-AC-3}, EVS, FLAC,
G711 G722,G.722.1, G722.2 (AMR-WEB). G.723.1, G.726, G.728, G.729, G728 1,
GSM-FR, HE-AAC, iLBC, 1SAC, LA Lyra, Monkey's Audio, MP1, MP2 (MPEG-1, 2
Audio Layer I}, MP3, Muscpack, Nellymoser Asao, OptindFROG, Opus, Sac, Satin,
SBC, SHLK, Swren 7, Speex, SVOPC, True Audio (TTA), TwinV(Q, USAC, Vorbig
{Ogg), WavPack, and Windows Media Aud.

[0842} Video encoder 200 and video decoder 300 cach may be implemented as any of a
variety of suitable encoder and/or decoder circuitry, such as one or more
nmicroprocessors, digital signal processors {DSPs), application specific integrated
circaits (ASICs}, field programmable gate arrays (FPGAg), discrete logie, software,
hardware, firmware or any combinations thereof. When the techniques are implemented
partially in software, a device may store mustructions for the software in a suitable, non-
transitory computer-readable mediam and execute the mstructions in hardware using
on¢ or more processors to perform the techniques of this disclosure. Each of video
encoder 200 and video decoder 300 may be ncluded mn one or more encoders or

decoders, either of which may be integrated as part of a combined encoder/decoder
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(CODEC)Y m a respective device. A device including video encoder 260 and/or video
decoder 300 may yimplement video encoder 200 and/or video decoder 300 in processing
cireuttry such as an integrated cirawt and/or a microprocessor. Such a deviee may be a
wirgless commuication device, such as a cellular telephone, or any other type of device
described herein,

{8043} Video encoder 200 and video decoder 300 may operate according to a video
coding standard, such as ITU-T H.265, also referred to as High Efficiency Video
Coding (HEVC) or extensions thereto, such as the multi-view and/or scalable video
coding extensions. Alternatively, video encoder 200 and video decoder 300 may
operate according to other proprietary or industry standards, sach as [TU-T H.266, also
referred to as Versatile Video Coding (VV). In other examples, video encoder 200
and video decoder 300 ray operate according to a proprictary video codec/format, such
as AQMedia Video 1 {AV1), extensions of AV 1, and/or successor versions of AVE {e.g.,
AV2}. In other examples, video encoder 200 and video decoder 300 may operate
according to other proprictary formats or industry standards. The techmiques of this
disclosure, however, are not limited to any particular coding standard or format. In
general, video encoder 200 and video decoder 300 may be configured to perform the
techniques of this disclosure in conjunction with any video coding techniques that use
quantization or inverse~quantization.

[68044] In general, video encoder 200 and video decoder 300 may perform block-based
coding of prcturcs. The term “block” generally refers to a structure including data to be
processed {c.g.. encoded, decoded, or otherwise used in the encoding and/or decoding
process). For example, a block may include a two-dimensional matrix of samples of
luminance and/or chrominance data. In general, video encoder 200 and video decoder
300 may code video data represented ina YUV {e.g., Y, Cb, Cr) format. That is, rather
than coding red, green, and blue (RGB) data for samples of a picture, video encoder 200
and video decoder 300 may code luminance and chrominance components, where the
chrominance components may include both red hae and blue hue chrominance
components. In some examples, video encoder 200 converts reccived RGB formatted
data to a YUV representation prior to encoding, and video decoder 300 converts the
YUV representation to the RGB format. Alternatively, pre- and post-processing units
{not shown} may perform these conversions.

[0045] This disclosure may geverally refer to coding {¢.g., encoding and decoding) of

pictures to include the process of encoding or decoding data of the picture. Similarly,
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this disclosure may refer to coding of blocks of a picture to melude the process of
encoding or decoding data for the blocks, ¢.g., prediction and/or residual coding. An
encoded video bitstream generally mcludes a series of values for syntax elements
representative of coding decisions {¢.g., coding modes) and partitioning of pictures mto
blacks. Thus, references to coding a picture or a block should generallv be vnderstood
as coding values for syntax clements forming the picture or block.

{80346} HEVC defines various blocks, including coding units {CUs), prediction units
{PUs), and transform units (TUs). According to HEVC, a video coder (such as video
encoder 200} partitions a coding tree unit {CTU} into CUs according to a quadiree
structure. That is, the video coder partiions CTUs and CUs into four equal, non-
overlapping squares, and each node of the quadtree has either zero or four child nodes.
Nodes without child nodes may be referred to as “leaf nodes,” and CUs of such leaf
nodes may mclade one or more PUs and/or one or more TUs. The video coder may
further partition PUs and TUs. For example. in HEVC, a residual guadtree (RQT)
represents partitioning of TUs. In HEVC, PUs represent inter-prediction data, while
TUs represent residual data. CUs that are intra-predicted include mtra~prediction
information, sach as an intra~-mode mdication.

{8847} As another example, video encoder 200 and video decoder 360 may be
configured to operate according to VVU. According to YV, a video coder (such as
video encoder 200} partitions a picture into a plarality of CTUs. Video encoder 200
may partition a CTU according to a tree stracture, such as a quadiree-binary tree
(QTBT) structure or Multi-Type Tree (MTT) structure. The QTBT structure removes
the concepts of multiple partiion types, such as the separation between CUs, PUs, and
TUs of HEVC. A QTBT structure includes two levels: a first level partitioned according
to quadtree partitioning, and a second level partitioned according to binary tree
partitioning. A root node of the QTBT structure corresponds to a CTU. Leafnodes of
the binary trees correspond to CUs.

{8048} In an MTT partitioning stracture, blocks may be partitioned using a quadtree
(QT) partition, a binary tree (BT) partition, and one or more types of triple tree (TT)
(also called ternary tree (TT)) partitions. A {riple or ternary treg partition is a partition
where a block ts split into three sub-blocks. In some examples, a triple or temary tree
partition divides a block into three sub-blocks without dividing the original block
through the center. The partitioning types in MTT {c.g., QT, BT, and TT), may be

symmetrical or asymmetrical,
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18045] When operating according to the AV1 codec, video encoder 20¢ and video
decoder 300 may be configured to code video data in blocks. In AV L, the largest coding
block that can be processed is called a superblock. In AV, a superblock can be cither
128x128 luma samples or 64x64 hima samples. However, in successor video coding
fommats {e.g., AV2), a superblock may be defined by different {e.g ., larger) luma sample
sizes. In some examples, a superblock is the top level of a block quadiree. Video
encoder 200 may further partition a superblock into smatier coding blocks. Video
encoder 200 may partition a superblock and other coding blocks into smaller blocks
using square or non-square partitioning, Non-sguare blocks may melude N/2xN,
NxN/2, N/4xN, and NxIN/4 blocks. Video encoder 200 and video decoder 300 may
perform separate prediction and transform processes on each of the coding blocks.
[0050] AV also defines a tile of video data. A tie s a rectangular array of superblocks
that may be coded independently of other tiles. That 1s, video encoder 200 and video
decoder 300 may cncode and decode, respectively, coding blocks within a tile without
using video data from other tiles. However, video encoder 200 and video decoder 300
may perform filtering across tile boundaries. Tiles may be uniform or non~unmiform in
size. Tile-based coding may enable parallel processing and/or multi-threading for
encoder and decoder implementations.

{0051} Tn some examples, video encoder 200 and video decoder 300 may use a single
QTBT or MTT structure to represent each of the luminance and chrominance
components, while i other examples, video encoder 200 and video decoder 300 may
use two or more QTBT or MTT structures, such as one QTBT/MTT structure for the
luminance component and another QTBT/MTT structare for both chrominance
components {or two QTBT/MTT structures for respective chrominance componenis}.
{0632} Video encoder 200 and video decoder 300 may be configured to use quadtree
partitioning, QTBT partitiorung, MTT partitioning, superblock partitioning, or other
partifioning structures.

{00331 In some examples, a CTU mnclades a coding tree block (CTB) of luma samples,
two corresponding CTBs of chroma samples of a picture that has three sample arrays, or
a C'TB of samples of a monochrome picture or a picture that is coded using three
separate color planes and syntax structures used to code the samples. A CTB may be an
NxN block of samples for some value of N such that the division of a component into
CTBs 15 a partitionung. A component is an artay or single sample from one of the three

arrays (Juma and two chroma) that compose a picture m 4:2:0, 4:2:2, or 4:4:4 color
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format or the array or a single sample of the array that compose a picture in
monochrome format. In some examples, a coding block 1s an MxN block of samples
for some values of M and N such that a division of a CTB into coding blocks is a
partitioning.

{0054} The blocks (e.g., CTUs or CUs) may be grouped in various ways in a picture,
As one example, a brick may refer to a rectangular region of CTU rows within a
particular tile in a picture. A tile may be a rectangular region of UTUs within a
particular tile colurn and a particular tile row 1 a picture. A tile column refers to a
rectangular region of CTUs having a height equal to the height of the picture and a
width specified by syntax clements {¢.g., such as in a picture parameter set). A tile row
refers to a rectangular region of CTUs having a height specified by syntax elements
{c.2., such as m a picture parameter set) and a width equal to the width of the picture.
{B055] In some examples, a tile may be partitioned inio multiple bricks, each of which
may include one or more CTU rows within the tile. A tile that is not partitioned into
roultiple bricks may also be referred to as a brick. However, a brick that is a true subset
of a tile may not be referred to as atile. The bricks in a picture may also be arranged in
a slice. A shice may be an integer number of bricks of a picture that may be exclusively
contatned in a single network abstraction laver (NAL) unit. In some oxamples. a slice
includes etther a number of complete tiles or only a consecutive sequence of complete
bricks of one tile.

{3056} This disclosure may use “NxN” and “N by N7 interchangeably to refer to the
sample dimensions of a block {such as a CU or other video block) inn terms of vertical
and borizontal dimensions, ¢.g., 16316 samples or 16 by 16 samples. In general, a
16x16 CU will have 16 samples in a vertical direction (v = 16) and 16 samplesin a
honzontal direction (x = 16}, Likewise, an NxN CU generally has N samples ina
vertical direction and N samples in a horizoutal direction, where N represents a
nonnegative integer value, The samples 1o a CU may be arranged i rows and columns.
Moreover, CUs need not necessanly have the same muonber of samples in the horizontal
direction as in the vertical direction. For example, CUs may include NxM samples,
where M is not necessanly equal to N

{86387} Video encoder 200 encodes video data for CUs representing prediction and/or
residual information, and other mformation. The prediction information ndicates how

the CU is to be predicted in order to form a prediction block for the CU. The residual
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mnformation generally represents sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

{8058} To predict a CU, video encoder 200 may generally form a prediction block for
the CU through inter-prediction or mtra-prediction. Inter-prediction generally refers to
predicting the CU from data of a previously coded picture, whereas intra-prediction
generally refers to predicting the CU from previcusly coded data of the same picture.
To perform inter-prediction, video encoder 200 may gencrate the prediction block using
one of more motion vectors. Video encoder 200 may generally performo a motion scarch
1o identify a reference block that closely matches the CU, e.g., in ferms of differences
between the CU and the reference block. Video encoder 200 may caleulate a difference
metric using a sum of absolute difference (SAD), sum of squared differences (S8},
mean absolute difference (MAD), mean squared differcnces (MSD), or other such
difference calcolations to determine whether a reference block closely maiches the
current CU. In some examples, video encoder 200 may predict the current CU using
uni~-directional prediction or bi-directional prediction.

8639} Some examples of VVC also provide an affine motion compensation mode,
which may be considered an inter-prediction mode. In affine motion compensation
made, video encoder 200 may determine two or more motion vectors that represent non-
translational motion, such as zoom in or out, rotation, perspective motion, or other
irregular motion types.

{8066} To perform intra-prediction, video encoder 200 may select an intra-prediction
mode to gencrate the prediction block. Some examples of VVC provide sixty-seven
mtra-prediction modes, including various directional ymodes, as well as planar mode and
DC mode. In general, video encoder 200 selects an intra-prediction mode that desenibes
neighboring samples to a current block {e.g.. a block of a CU) from which to predict
samples of the current block, Such samples may generally be above, above and to the
left, or to the left of the current block m the same picture as the current block, assuming
video encoder 200 codes CTUs and CUs m raster scan order {left to right, top to
bottom).

10061} Video encoder 200 encodes data representing the prediction mode for a current
block. For example, for inter-prediction modes, video encoder 200 mayv encode data
representing which of the various available mter-prediction modes 13 used, as well as
motion information for the corresponding mode. For uni-directional or bi~-directional

nter-prediction, for example, video encoder 200 may encode motion vectors using
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advanced motion vector prediction (AMVP) or merge mode. Video encoder 200 roay
use similar modes to encode motion vectors for affine motion compensation mode.
(80621 AV includes two general technigues for encoding and decoding a coding block
of video data. The two general techniques are intra prediction {e.g., intra frame
prediction or spatial prediction) and inter prediction {e.g., tder frame prediction or
temporal prediction). In the context of AV1, when predicting blocks of a carrent frame
of video data using an intra prediction mode. video encoder 200 and video decoder 300
do not use video data from other frames of video data. For most intra prediction modes,
video encoder 200 encodes blocks of a current frame based on the difference between
sample values in the current block and predicted values generated from reference
samples in the same frame. Video encoder 200 detenmines predicted values generated
from the reference samples based on the intra prediction mode.

{8063} Following prediction, such as intra-prediction or inter-prediction of a block,
video encoder 200 may calculate residual data for the block. The residual data, such as
a residual block, represents sample by sample differences between the block and a
prediction block for the block, formed using the corresponding prediction mode. Video
encoder 200 may apply one or more transforms to the residual block, to produce
transformed data in a transform domain instead of the sample domain. For example,
video encoder 200 may apply a discrete cosine transform {DCT), an indeger transform, a
wavelet transform, or a conceptually similar transform to residual video data.
Additionally, video encoder 200 may apply a secondary transform following the first
transform, such as a mode-dependent non-separable secondary transform (MDNSST), a
signal dependent transform, a Karhunen-Loeve transtorm (KLT), or the like. Video
encoder 200 produces transform cocfficients following application of the one or more
transforms.

{0064} As noted above, following any transfomms to produce transform coefficients,
video encoder 200 may perform quantization of the transform coefficients.
Quantization generally refers to a process m which transform coefficients are quantized
to possibly reduce the amount of data used to represent the transform coefficients,
providing further compression. By performing the quantization process. video encoder
200 may reduce the bit depth associated with some or all of the transform cocfficients.
For example, video encoder 200 may round an »-bit value down to an m-bit value

during quantization, where # is greater than m. In some examples, 1o perform
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quantization, video encoder 200 may perform a bitwise right-shuft of the value to be
quantized.

{8065} Following quantization, video encoder 200 may scan the transform coefficients,
producing a one-dimensional vector from the two-dimensional matrix mchiding the
quantized transforn coefficients. The scan may be designed to place higher energy {and
therefore lower frequency) transform coefficients at the front of the vector and to place
lower energy (and therefore higher frequency) transform coefficients at the back of the
vector. In some examples, video encoder 200 may utilize a predefined scan order to
scan the gquantized transform coefficients to produce a serialized vector, and then
entropy encode the quantized transform cocfficients of the vector. In other examples,
video encoder 200 may perform an adaptive scan. Afier scanning the guantized
transform coefficients to form the one~dimensional vector, video encoder 200 may
entropy encode the one-dimensional vector, ¢.g., according to context-adaptive binary
arithmetic coding (CABAC). Video eancoder 200 may also entropy encade values for
syntax clements describing metadata associated with the encoded video data for use by
video decoder 300 in decoding the video data.

{80866} To perform CABAC, video encoder 200 may assign a context within a context
madel to a symbol o be transmitied. The context may relate to, for example, whether
neighboring values of the symbol are zero-valued or not. The probability determunation
may be based on a context assigned to the symbol.

{8067} Video encoder 200 may further generate syniax data, such as block-based svntax
data, picturc-based svntax data, and sequence-based syntax data. to video decoder 300,
¢.g., in a picture header, a block header, a slice header, or other syntax data, such as a
sequence parameter set {SPS), picture parameter set {(PPS), or video parameter set
{(VPS). Video decoder 300 may likewise decode such syntax data to deternune how to
decode corresponding video data.

{3068} In this manner, video encoder 200 may generate a bitstream ncluding encoded
video data, ¢.g., syntax elements describing partitioning of a picture into blocks {(e.g.,
CUs} and prediction and/or residual information for the blocks. Ultimately, video
decoder 300 may receive the bitstream and decode the encoded video data.

{66691 In general, video decoder 300 performs a reciprocal process to that performed by
video encoder 200 to decode the encoded video data of the bitstream. For example,
video decoder 300 may decode values for syntax elements of the hitstream using

CABAC in a manner substantially smmilar to, albeit reciprocal to, the CABAC encoding
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process of video encoder 200. The syntax clements may define partitioning information
for partitioning of a picture into CTUs, and partitioning of each CTU according to a
corresponding partition structure, sach as a QTBT stractare, to defing CUs of the CTU.
The syntax elements may further define prediction and residual information for blocks
{e.g., CUs) of video data.

{8070} The residaal information may be represented by, for example, quantized
transform coefficients. Video decoder 300 may inverse quantize and inverse transform
the quantized transform coefficients of a block to reproduce a residual block for the
block. Video decoder 300 uses a signaled prediction mode (intra- or inter-prediction}
and related prediction information (e.g., motion information for inter-prediction) to form
a prediction block for the block. Video decoder 300 may then combine the prediction
black and the residual block {on a sample-by-~saraple basis) to reproduce the original
block. Video decoder 300 may perform additional processing, such as performuing a
deblocking process to reduce visual artifacts along boundaries of the block.

16071} This disclosure may generally refer to “signaling” certain information, such as
syntax elements. The teom “signaling” may generally refer to the communication of
values for syntax elements and/or other data used to decode encoded video data. That
is, video encoder 200 may signal values for syntax clements in the bitstream. In
general, signaling refers to generating a value in the bitstream. As noted above, source
device 102 may transport the bitstream to destination device 116 substantially in real
time, or not in real time, such as might occur when storing syntax elements to storage
device 112 for later retrieval by destination deviee 116

{6672} In accordance with the techniques of this disclosure, video encoder 200 and
video decoder 300 may be configured to determine quantization offsets. For instance,
this disclosure describes examples of a quantization offset scheme for dependent
quantization, such as Trellis Coded Quantization (TCQ). For ease, the disclosure
describes guantization or quantization parameters used for quantizing as part of video
encodmg. However, video decoder 300 may perform the nverse operations as video
encoder 200, and thercfore, may perform inverse-quantization using inverse-
quantization parameters. The example techoiques may therefore be applicable to both
quantizing and inverse~-quantizing unless a technigue 1s encoder or decoder side only.
18873} TCQ is a dependent guantization scheme where multiple scalar quantizers are
erploved to perform quantization of coefficient values. Oune particular scheme 15

described 1n JVET-J0014: Schwarz et al, “Description of SDR, HDR, and 360° video
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coding technology proposal by Fraunhofer HHL” Joint Video Experts Team (JVET) of
ITU-T SG 16 WP 3 and ISOAEC JTC 1/SC 29/WG 1, 10" Meeting: San Diego, 1S,
10-20 Apr. 2018, In JVET-J0014, 4-state Trellis Coded Quantization is used. Two
scalar quantizers as shown in FIG. 6 are used for performing the quantization.

[8074] FIG. 6 1s a conceptual diagram illustrating example of usage of two scalar
quantizers. FIG. 6 illustrates quantization level mapping 600. For instance, in
quantization level mapping 600 of FIG. 6, of the two scalar quantizers used: the first
guantizer Q0 maps the transform coefficient levels, also called quantization levels,
{numbers below the points, such as ~4, -3, and so forth} to even integer multiples of the
quantization step size A. The second quantizer 31 maps the transform coefficient levels
to odd integer muftiples of the quantization step size A or o zero.

{8075] Transform coefficients arc quantized in coding order and the quantizer that 1s
used to perform the quantization is selected based on a state machine that is dnven by
its provious state and the parity of the level of the previously coded coctficient. The
state machine is described by FIG. 7.

[8076] Table 1 provides the transition scheme of state machine 700 of FIG. 7.

Current state Next state for ..
k& 1)==0 (k& =1
0 0 2
1 2 0
2 1 3
3 3 1

{8077} Coefficients in states 0 and 1 use the Q0 {even integer multiples of step size)
quantizer. Coefficients in states 2 and 3 use Q1 {odd integer multiples of step size}
quantizer. That is, video encoder 200 and video decoder 300 may quantize or inverse-
quantize, as apphiable, cocfficients using guantizer Q0 {e.g., even integer multiples of
step size A} if the state of state machine 700 13 0 or 1. Video encoder 200 and video
decoder 300 may quantize or inverse-quantize, as apphable, coefficients using quantizer
(31 {c.g., odd integer multipies of step size A} if the state of state machine 700 is 2 or 3.
{0078} fn IVET-Q0243: Schwarz et al, “Additional support of dependent quantization
with 8 states,” Joint Video Experts Team (JVET) of TTU-T 8G 16 WP 3 and ISOAEC
JTC USC 29/WG 11, 17% Meeting: Brossels, BE, 7-17 January 2020, an 8-state version
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of TCQ was introduced and is currently tn the ECM-9.0 software. In 8-state TCQ, there
are still two underlving guantizers (G0 and Q1), but is driven through 8-state
transitioning scheme.
{6879} Quantization offset schemes for scalar quantizers had been studied carlier, such
as i VCEG-Z213 (JVT-0066), JCTVYC-G382, JCTVC-Fs10. In JVET-ADO251:
Baleilar et al, “"AHGI2 Shifting Quantizer Center,” Joint Video Experts Team (JVET)
of ITU-T SG 16 WP 3 and ISO/EC JTC 1/SC 29/WG 11, 30™ Meeting: Antalya, TR,
21-28 Aprd 2023, fixed quantizer offsets have been proposed. In IVET-ADO231,
effectively fixed offsets are introduced as a weighted average of two consecutive
reconstruction level of a quantizer (Q0 or Q1)
{0088} This scheme is described as follows in JVET-ADO0251. The original
reconstructed coefficient by § 7 (¥;)) and reconstracted value, when the quantization
indices is shifted 1 quandization index to the opposite direction to the zero confer as
Q7Y N where ¥, = v, + (y; > 07 1: 1}, is used to determine a reconstructed
coefficient. Then, the weighted sam of ¢ 7' (y,)) and £7{¥'))) as the reconstructed
cocfficient is taken.

R= (982« Q7 (y) + 42« Q7Y D) » 10
{0081} Tn some cases, this shifting on reconstruction coefficient is done only if the
quantization index 1s not zero.
{8082} Video decoder 300 may be configured to determine the reconstructed
coefficient. As described in more detail, video encoder 200, as part of a reconstruction
loop for generating reference samples, may also be contigured to determine the
reconstructed coetficient.
{6083} In the above cquation, vi may be considered as a coefficient level, also called
quantization level, for the 1" coefficient. From the perspective of video encoder 200,
video encoder 200 may have signaled information used to determine the vi value, and
from the perspective of video decoder 300, video decoder 300 may first determine the vi
value based on the signaled information. The value of v'i may be one coefficient level
1o the left of vi 1f yi 15 negative, and one coefficient level to the nght of vi if yiis
positive. For example, referring to FIG. 6, 1f vi1s 2, then v'i1s 3, and if vi is -4, then v’
s -5
[0084] ™ refers to either Q0 or @1, and may be based on state machine 700 of FIG. 7.

The values of 982 and 42 may be considered as weights for averaging. For example, the
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>> 10 operation is equivalent to dividing by 1024, Therefore, the above cquation can be
rewritten as ® = (V82/1024)*(Q (i)} + (42/1024Y(Q7(v'1)). That is, this weighted
average 15 effectively a quantization offset that 1s m between two consecutive
reconstruction levels determined by the weights (982/1024, 42/1024).

16685} Given abs(()‘l(yi} - Q“l(y’i}} = stepsize, where stepsize is the
quantization step size when ¥ ; is nonzero, reconstroction expression becomes

’ 42

X = stepsize X (yi + m) .
{8086} The 42/1024 temm 15 the quantization offset if all the rounding offsets are 1gnored
due to precision and shift operations instead of division. In JVET-ADO251, this fixed
offset is applied to reconstruction of all transform Mocks (non-transform skipped
blocks).
[006871 In the above example, the offset that 1s added to the quantization level, v, {also
called coefficient level) 1s the same for both quantizers Q0 and Q1. That is, the
quantization parameter may be considered as vi + 42/1024, where vi is a quantization
level for a coefficient of a current block and 42/1024 1s an offset value. In the above
example, the offset value of 42/1024 is the same for Q0 and Q1, the same for each of
the quantization levels, and the same for luma and chroma components. Also, the same
offset value is applied for all quantization levels {e.g., cocfficient levels).
{6088} Having a single, same offset value for both quantizers Q0 and Q1, for all of the
quantization levels, and/or luma and chroma components may result in less efficient
quantization {¢.g., over quantization resufting in poor video guality or under
quantization resulting m increased signaling). This disclosure deseribes additional
quantization offsets {e.g., for TCQ) based on state driven quantizer type {¢.g., QU or
1}, quantization levels, and/or component type (luma/chroma). For TCQ case, this
would correspond to introducing quantization offsets to (0 and Q1 resulting in shifting
of the reconstruction levels as shown in FIG. 8. The quantizers with offsets and their
reconstruction levels are denoted by reconstruction levels 307 and reconstruction levels
Q.
{8089} FIG. 8 illustrates guantization level mapping 806, Similar to FIG. 6, in FIG. 8,
in quantization level mapping 800 of FIG. 8, of the two scalar quantizers used: the first
guantizer 307 maps the transform coefficient levels (numbers below the points but

offset based on offset values) to even mieger rouitiples of the quastization siep size A
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The second guantizer Q17 maps the transform coetficient levels to odd mmteger multiples
of the quantization step size A or to zero.

{80598} In one or more examples, with and without signaling, video encoder 200 and
video decoder 30 may use separate quantization offsets or inverse-quantization offsets
{c.g., offsct values) for state driven two quantizers used 1o TCQ mstcad of using one
common one for both quantizers. Additionally, in some examples, luma and chroma
componenis may use separate offsets for respective quantization.

{6091} In accordance with one or more examples described n this disclosure, video
encoder 200 and video decoder 300 may determine a quantizer for a coefficient, for
quantization or inverse quantization, from at least a first quantizer and a second
quantizer. For instance, video encader 200 and video decoder 300 may utilize state
machine 700 of FIG. 7 1o detemune quantizer Q0 or quantizer Q1.

{8092} Video encoder 200 and video decoder 300 may determine an offset value based
on the quantizer. In techmiques deseribed in this disclosure, the offset value may be a
first offset value based on the quantizer being the first guantizer or a second, different
offsct value based on the guantizer being the sccond quantizer. That is, if video encoder
200 and video decoder 300 determine that the quantizer 15 30, video encoder 200 and
video decoder 300 may determine a first offset value, and if video encoder 200 and
video decoder 300 deternine that the quantizer 1s Q1 video encoder 200 and video
decoder 300 mayv determine a second offset value.

{8093} Also, in accordance with one or more examples described in this disclosure,
video encoder 200 and video decoder 300 may determine a quantization level fora
coefficient of a current block, for quantization or inverse quantization, from a plarality
of quantization levels. Video encoder 200 may signal and video decoder 300 may parse
information o deteomine the quantization level.

{8094} From the perspective of video encoder 200, a cocfficient of a current block may
mean a residual value between a value of a prediction block and the current block,
where the restdual value is transformed or not {e.g., if transform skip is enabled). From
the perspective of video decoder 300, a coefficient of a current block may mean value
that is to be inverse-quantized, inverse~transformed to generate a residual value between
a value of a prediction block and the current block.

{8895} In one or more examples, as part of encoding the current block, video encoder
200 may perform guantization for the coefficient based on the detenmined quantization

parameter, which is determined based on the offset value, to generate a quantized
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cocfficient. Video encoder 200 may signal mformation indicative of the guantized
coefficient. As part of decoding the current block, video decoder 300 may perform
imverse-guantization for the coefficient based on the deternmined inverse-quantization
parameter, which is determined based on the offset value, to generate an inverse-
quantized coefficient. Video decoder 300 may perform inverse-transform (if applicable)
to generate a residual value that video decoder 360 adds to the prediction block o
reconstruct the current block.

106696} Video encoder 200 and video decoder 300 may detenuine av offset value based
on the quantization level. In techniques deseribed in thas disclosure, the offsct value
may be a first offset value based on the quantization level being the first quantization
level or a second, different offset value based on the quantization level being the second
quantization level. That is, if video encoder 200 and video decoder 300 deternune that
the quantization level is the first quantization level, video encoder 200 and video
decoder 300 may determine a first offset value, and if video encoder 200 and video
decoder 300 determine that the quantization level ts the second quantization level, video
encoder 200 and video decoder 300 may determine a second offset value.

{8897} In accordance with the above, in some examples, the quantizer may control the
offset value {c.g., first offset value for Q0 and second offset value for 31}, In some
examples, the quantization level may control the offset value (e.g., first offset value for
first quantization level and second offset value for second quantization level). In some
examples, both the quantizer and the quantization level may control the offset vahie. In
some cxamples, cach guantization level may be associated with a different offset value.
In some examples, some of the quantization levels may share an offset value, which is
different than offset values for other quantization levels.

[8098] Approached another way, as described above. in technigues where the offset
value is the same, one example way to represent the reconstructed coefficient is: ¥ =
stepsize X (yi + 1‘3“‘2‘;} In accordance with one or more examples described in this
disclosure, the reconstructed coefficient may be represented as: X = stepsize X (y; +
of fset value), where the offset value is equal to a first offset value if the quantizer is
Q0 and 1s equal to a second, different offset value if the quantizer is Q1 and/or where
the offset value is equal to a first offset value if the quantization level is the first
quantization level and is equal to a second, different offset value 1f the quantization

level 1s the second quantization level.
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18095] Video encoder 200 and video decoder 300 may determine a gquantization
parameter or an inverse~-gquantization parameter for the coetficient based on the
determined offset value. For example, video encoder 200 and video decoder 300 may
determine yi + offset value, where vi + offset value is equal to the quantization
parameter, and the offset value is based on whether the guantizer s Q0 or Q1 and/or
based on whether the quantization level is the first quantization level or the sccond
quantization level.

{63100} It should be understood that the above examples illustrating mathematical
cquations are provided to ease with understanding. In actual implementation, video
encoder 200 and video decoder 300 may perform different operations {e.g., instead of
dividing by 1024, perform right-shift operation by 10}.

[8101] Video encoder 200 and video decoder 300 may perform one of quantization or
mverse-quantization for the coefficient based on the determined quantization parameter
or the determined mverse-gquantization parameter. For example, for quantization, video
encoder 200 may deternune {vi + offset value)/(step size). For mverse-guantization,
video decoder 300 may deternuine (i + offset value}* (step size).

{8102} In the above examples, the offset value is based on the quantizer. However, as
also described above, in some examples, it may be possible for the offset value to be
based on the quantization level. That is, there may be different offset values for
different quantization level. In some examples, it may be possible for the offset value to
be based on both the quantizer and the quantization level.

181903} For example, video encoder 200 and video decoder 300 may determing a
quantization level {(e.g., vi) for the coefficient. Video decoder 300 may deternune the
quantization level based on the signaled information. In one or more examples, to
determine the offset value, video encoder 200 and video decoder 300 may deternune the
offset value based on the guantizer and the quantization level.

[0104] As an example, assume that there is a first coefticient, an offset value for the
first coefficient, a quantizer for the first coefficient, a first quantization parameter and a
first mverse-guantization parameter, and a first quandization level. Video encoder 200
and video decoder 300 may determine a gquantizer for a second coefficient, for
quantization or inverse quantization, from at least the first quantizer and the second
quantizer, and determine a second guantization level for the second coefficient, the

second quantization level being differcnt than the first guantization level. For mstance,
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if the quantization level for the first coefficient was 2, then the quantization level for the
second coetticient may be value other than 2.

{8105} Video encoder 200 and video decoder 300 may deternune an offset value for the
second coefficient based on the quantizer for the second coefficient and the second
quantization level. In this example, the offset value for the second coefficient is a third
offset value based on the quantizer for the second coeflicient being the first quantizer
and the second quantization level being different than the first quantization level, ora
fourth, different offset value based on the quantizer for the second cocfficiont being the
second quantizer and the second quantization level beimg different than the first
quantization level.

{0106} As an example, assume that the first quantizer is Q0 (¢.g.. based on state
machine 700) and the first quantization level 15 2. To this example, video encoder 200
and video decoder 300 may determine an offset vahue of 30/1024. Assume that the
second quantizer is also QU (¢.g., based on state machine 700) but the sccond
guantization level s 4. o this example, video encoder 200 and video decoder 300 maay
determine an offset value of 50/1024. Accordingly, in addition to the quantizer, the
quantization level may control the offset value used to deternine the quantization
parameter.

{8107} Video encoder 200 and video decoder 300 may determine a sccond quantization
parameter or a second inverse-guantization parameter for the second cocfficient based
on the determined offset vahue for the second coefficient, similar to the above
descrption. Video encader 200 and video decoder 300 may perform one of
quantization or inverse-quantization for the second coefficient based on the determune
second guantization parameter or the determined second inverse-quantization parameter.
{0108} As another example, video encoder 200 and video decoder 300 may determine a
quantizer for a second cocfficient, for quantization or inverse guantization, where the
quantizer for the second coefficient is the second quantizer. Video encoder 200 and
video decoder 300 may determine that a quantization level for the second coefficient 1s
the first quantization level.

16105} Video encoder 200 and video decoder 300 may determine an offset value for the
second coefficient based on the guantizer for the second coefficient being the second
quantizer, and the quantization level being the first quantization level. In this exanple,
the offset value for the second cocfficient is different than the offset value for the first

cocfficient based on the quantizer for the first and second coefficient being different,
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while the quantization level for the first and second coefficient is the same. That s,
although the quantization levels for the first and second coefticient 15 the same, because
the quantizer is different for the first and second coefficient, video encoder 200 and
video decoder 300 may determine a different offset value for the first and second
cocfficient.

{8118} Video encoder 200 and video decoder 300 may determine a second quantization
parameter or a second inverse-guantization parameter for the second coefficient based
on the determined offset vatue for the sceond coefficient. Video encoder 200 and video
decoder 300 may perform one of quantization or inverse-quantization for the second
coefficient based on the determined second guantization parameter or the determined
second inverse-guantization parameter.

[8111] The above is one example way in which quantization level may control the
offset value. Additonally, quantization level dependent offsets can be utilized in
various other ways. In general, a first offset value may be associated with a first
quantization level and a guantizer. The first offset value may be different than offsct
values associated with the first quantization level and other quantizers. That s, the
offsct value, when the quantization fevel is the first quantization level, may be different
for 30 and Q1. A sccond offsct value may be associated with a second guantization
level and a guantizer. The sccond offset value may be different than offset values
associated with the second guantization level and other quantizers. That 15, the offset
value, when the quantization level is the sccond quantization level, may be different for
Q0 and Q1

{6112} The following describes some example ways in which the quantization level
may control the offset. In one example, video encoder 200 and video decoder 300 may
assign a separate offset for quantization level equal to 1 for the coefficients that are
mapped to coefficient level +/- 1 {such as m FIG. 8). The rost of the lovels are assigned
a different quantization offset. This can be applied as separate or common offset for Q0
and 1. For instance, the first offset may be for when the quantization level is one or
negative one. The second offset may be for when the quantization level is greater than
one ot less than negative one,

[6113] Accordingly, as one example, 1o determine the offset value, video encoder 200
and video decoder 300 may determine that an offset value is a first offset value based on

the guantization level being one or negative one. Video encoder 200 and video decoder
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300 may determinge that an offset value 1s a sccond offset value based on the
quantization level being greater than one or less than negative one.

{8114} Stated another way, the first offset value is associated with the first quantization
level, and the first offset value is different than offset values associated with other
quantization levels. In one example, the quantization level is one or negative one, and
the other quantization levels are greater than one or less than negative one. Similarly,
the second offset value s associated with the second quantization level, and the second
offset value is different than offset values associated with other quantization levels. As
above, in one example, the guantization level i3 one or negative one, and the other
quantization levels are greater than one or less than negative one.

{8115} In another example, video encoder 204 and video decoder 300 may assign a
separate offset for absolute guantization levels less than a threshold (e.g., 4) and the rest
of the levels are assigned a different quantization offset. This can be applied as separate
or common offset for Q0 and Q1. Optionally, threshold can be signaled at sequence,
picture, or at shice level.

[8116] Accordingly, as an example, to deternune the offset value, video encoder 200
and video decoder 300 may determine that an offset value is a first offset value based on
an absolute value of the quantization level being less than a threshold. Video encoder
200 and video decoder 300 may deternine that an offset value s a second offset value
based on the quantization level being greater than the threshold.

{3117} As an example where both the guantizer and the quantization level are used for
deternuning an offsct value, the first offsct may be for the first quantizer and an absolute
value of the quantization level is less than a threshold {e.g., 4}, and the first offset may
be different than the offset for the other quantization levels that have an absolute vahie
greater than the threshold when the quantizer is the first quantizer (e.g.. Q0). Similarly,
the second offset may be for the second quantizer and an absolute value of the
quantization level is less than the threshold, and the second offset may be different than
the offset for the other quantization levels that have an absohute valoe greater than the
threshold when the guantizer 1s the second quantizer (e.g., Q1)

{0118} Stated another way, the first offset value is associated with the first quantizer
and the quantization level, and the first offset value 1s different than offset values
associated with the first quantizer and other guantization levels. In one example, an
absolute value of the quantization level 1s less than a theeshold, and an absolute value of

the other quantization levels 1s greater than the threshold. Similarly, the second offset
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value is associated with the second quantizer and the quantization level, and the second
offset value is different than offset values associated with the second guantizer and other
quantization levels. As above, In one example, an absolute value of the quantization
level is less than the threshold. and an absolute value of the other quantization levels is
greater than the threshold.

{8119} In another example, video encoder 200 and video decoder 300 may assign a
different quantization offset to each level. That is, each of the plurality of quantization
levels is associated with (c.g., assigned) a different offset value. Such examples, 1o
determine the offset value, video encoder and video decoder 300 may determine the
quantization level, and based on the quantization level deternune the offset value.
{8128} As an example where both the quantizer and quantization value control which
offset value 1s selected, the first offset may be for the first quantizer, and the first offset
may be different than the offset for the other quantization levels when the goantizer s
the first quantizer (¢.g., Q0). Similarly. the sccond offset may be for the second
quantizer, and the second offset may be different than the offset for the other
quantization levels when the guantizer is the second quantizer (¢.g., Q1)

{8121} Stated another way, each of the first offset value and the offset values associated
with the other quantization levels associated with the first guantizer {e.g., QC) arc
different. Also, each of the second offset value and the offset values associated with the
other guantization levels associated with the second quantizer {c.g., Q1) are different.
{3122} In one or more of the above examples, both the quantizer and the quantization
fevel may control the offset value. However, the example techniques are not so mited.
In some examples, only the guantizer may control the offset value {(e.g., different offset
values for Q0 and 31, but same offset values for the quamtization levels). In some
examples, only the quantization level may control the offset value (c.g., different offset
values for at least two different quantization levels, but same offset values for Q0 and
Q).

{8123} For example, video encoder 200 and video decoder 300 may determine a
quantization level for a cocfficient of a current block, for quantization or mverse
quantization, from a plurality of guantization levels (¢.g.. integer values tlustrated 1n
FIGS. 6 and 8). The guantization level may be represented as vi above.

18124} Video encoder 200 and video decoder 300 may determine an offset value based

on the quantization level. The offset value is a first offset value based on the
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quantization level being a fust quantization level or a second, different offset value
based on the quantization level being a second quantization level.

{8125} For instance, the first offset value may be based on the guantization level being 1
or -1, and the second offset value mav be based on the quantization level being greater
than 1 or less than -1, As another example, the first offset value may be based onan
absolute value of the quantization level being less than a threshold {e.g., 4), and the
second offset value may be based on an absolute value of the quantization level being
greater than the threshold. As another example, the first offset value and the second
offset value may always be different {¢.g., each guantization level is assoctated with a
different offset value).

(8126 Video encoder 200 and video decoder 300 may determine a quantization
parameter or an fnverse~-quantization parameter for the coefficient based on the
determined offset value, and perform one of quantization or inverse-quantization for the
cocfticient based on the determined quantization parameter or the determined inverse-
quantization parameter. Accordingly, in this example, the quantization level may
controf the offsct value, regardless of the quantizer. That 1s, for a quantization level, the
offset value is the same for 30 and @1, but the offset value may be different for
different quantization levels.

{0127} Also, in other examples, such as those described further above, both the
quantizer and the quantization level may control the offset value. That is, video encoder
200 and video decoder 300 may determine a first offset value for the quantizer being Q0
and the quantization level being a first quantization lovel, a second offset value for the
quantizer being Q1 and the quantization level being the first quantization level, a third
offset value for the quantizer being Q0 and the quantization level being a second
quantization level, and a fourth offset value for the guantizer being Q1 and the
quantization level being the sccond guantization level. At least two of the first, second.
third, and fourth offset vahies may be ditferent.

{8128} In one or more examples, as part of encoding or decoding the current block,
video encoder 200 and video decoder 300 may perform one of guantization {¢.g., by
video encoder 200} or inverse-quantization (¢.g., by video decoder 300} for the
coefficient based on the determined gquantization parameter or the determined inverse-
quantization parameter. For example, fo encode the current block, video encoder 200
may detemune a prediction block for the current block, and determine the coefficient

based on a difference between the prediction block and the current block. For instance,
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the difference between the prediction block and the current block may be a residual
value that video encoder 200 transforms or does not transform {e.g., if transform skap s
enabled) to generate the coefficient.

{8129} In this example, to perform one of quantization or inverse-quantization for the
cocfficient based on the determined quantization parameter or the determined tnverse-
quantization parameter, video encoder 200 may perform quantization for the coefficient
based on the determined quantization parameter to generate a guantized cocfficient.
Video encoder 200 may signal information indicative of the quantized coefficient.
{6134 As another example, to perform one of quantization or inverse-guantization for
the cocfficient based on the determined quantization parameter or the determined
inverse-guantization parameter, video decoder 300 mayv perform nverse-quantization
for the coefficient based on the deternuned inverse-quantization parameter to generate
an iverse-quantized coefficient. In this example, video decoder 300 may decode the
current block. To decode the current block, video decoder 300 may be configured to
deternune residual values for the current block based on the imwverse-quantized
coefficient. For instance, if tranaform is enabled, video decoder 306 may inverse-
transform the imverse-quantized coefficient to generate a residual valoe. If transform
skip is cnabled, the inverse~-gquantized cocfficient may be the residual value.

[8131] Io this example, video decoder 300 may determine a prediction block for the
current block. Video decoder 300 may add the prediction block to the residual values to
reconstruct the current block.

18132} The above example techniques may apply for fuma and chroma components.
For example, the first offset value may be associated with the first quantizer (e.g., Q0)
and the coefficient being for a huma block. In this example, the first offset value may be
different than offset values associated with the first quantizer and cocfficients being for
a chroma block. Similarly, the second offset value may be associated with the second
quantizer and the coetficient being for the luma block. In this example, the second
offset value may be different than offset vahies associated with the second quantizer and
coefficients being for a chroma block.

16133} The quantization offsets used 1n above examples can be employed using
sequence level, picture level, shice level signaling of the quantization offset. The offsets
can be positive or negative. There may be signaling offseis per quantizer (Q0, Q1) per
component {Luma, chroma) and per level. For example, video encoder 200 may signal

in a bitstream and video decoder 300 may parse from the bitstream the first offset value
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and the second offset value. Altematively or additionally, predetenmined {not signaled)
quantization offsets can be used. Methods where offsets are only signaled for inter
pictures {e.g., inter-prediction pictures) can be ased.

{0134} FIG. 2 1 a block diagram illustrating an example video encoder 200 that may
perform the techniques of this disclosure. FIG. 2 15 provided for purposes of
explanation and should not be considered limiting of the techniques as broadly
excraplified and described in this disclosure. For purposes of explanation, this
disclosure describes video encoder 200 according to the techmgues of VVC and HEVC.
However, the techmgues of this disclosure may be performed by video encoding devices
that are configured to other video coding standards and video coding formats, such as
AV 1 and successors to the AV video coding format.

[8135] 1o the example of FIG. 2, video encoder 200 includes video data memory 230,
mode selection unit 202, residual generation unit 204, transform processing unit 206,
guantization veit 208, mverse quantization unit 210, inverse transform processing umit
212, reconstruction unit 214, filter unit 216, decoded picture buffer (DPB) 218, and
entropy encoding unit 220. Any or all of video data memory 230, mode selection unit
202, residual generation unit 204, transform processing wmt 206, quantization unit 208,
inverse quantization unit 210, inverse transform processing unit 212, reconstraction unit
214, filter unit 216, DPB 218, and entropy encoding unit 220 may be mplemented in
OnE OF MOTC PrOCessors oF in processing circuitry. For instance, the units of video
encoder 200 may be implemented as one or more circuits or logic clements as part of
hardware circuitry, or as part of a processor, ASIC, or FPGA. Moreover, video encader
200 may include additional or alternative processors or processing cirauitry to perform
these and other functions.

{0136} Video data memory 230 may store video data to be encoded by the components
of video encoder 200, Video encoder 200 may receive the video data stored in video
data memory 230 from, for example, video source 104 (FIG. 1), DPB 218 may actasa
reference picture memory that stores reference video data for use n prediction of
subsequent video data by video encoder 200, Video data memory 230 and DPB 218
may be formed by any of a variety of memory devices, such as dvnamic random access
memory (DRAM), including synchronous DRAM (SDRAM), magnetoresistive RAM
{(MRAM), resistive RAM (RRAM), or other types of memory devices. Video data
memory 230 and DPB 218 may be provided by the same memory device or separate

memory devices. In various examples, video data memory 230 may be on-chip with
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other components of video encoder 200, as illustrated, or off~chip relative to those
components.

{8137} In this disclosure, reference to video data memory 230 should not be interpreted
as being limited to memory internal to video encoder 200, unless specifically described
as such, or memory external to video encoder 200, unless specifically described as such.
Rather, reference to video data memory 230 should be vnderstood as refercnce memory
that stores video data that video encoder 200 receives for encoding (o.g.. video data for
a current block that is to be encoded). Memory 106 of FIG. | may also provide
temporary storage of outputs from the varous units of video encoder 200.

[8138] The various units of FIG. 2 are illastrated to assist with understanding the
operations performed by video encoder 200, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof. Fixed-function
circatts refer to circuits that provide particolar functionality, and are presct on the
operations that can be performed. Programmable circuits refer to circuits that can be
programmed to perform various tasks, and provide flexible functionakity in the
operations that can be performed. For instance, programmable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by instractions of the sofiware or firmware. Fixed-function circuits may
execute software instructions {¢.g., to receive parameters or output parameters), but the
types of operations that the fixed-function circuits perform are generally immutable. In
some examples, one or more of the units may be distinet circuit blocks (fixed-function
or programmable), and 1o some examples, one or more of the uniis may be integrated
crreuts.

{8139} Video encoder 200 may mclade arithmetic logic vnits (ALUs), elementary
function units {EFUs), digital circuits, analog circutts, and/or programmable cores,
formed from programamable circuits. In examples where the operations of video
encoder 200 are performed using software executed by the programmable circuits,
memory 106 {FIG. 13 may store the instructions (e.g., object code) of the software that
video encoder 200 receives and executes, or another memory within video encoder 200
{(not shown} may store such instructions,

[6148] Video data memory 230 1s configured 1o store recetved video data. Video
encoder 200 may retrieve a picture of the video data from video data memory 230 and
provide the video data to residual generation unit 204 and mode selection unit 202,

Video data in video data memory 230 may be raw video data that 1s to be encoded.
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0141} Mode selection unit 202 includes a motion estumation unit 222, a motion
compensation unit 224, and an mtra-prediction unit 226, Mode selection unit 202 may
nchude additional functional anits to perform video prediction in accordance with other
prediction modes. As examples, mode selection unit 202 may include a palette unit, an
intra-block copy untt (which may be part of motion estimation unit 222 and/or motion
compensation unit 2243, an affine unit, a inear model {(LM) unit, or the hke.

3142} Mode selection unit 202 generally coordinates multiple encoding passes to test
combinations of encoding parameters and resulting rate~distortion values for such
combinations. The encoding parameters may mclude partitioning of CTUs into Cls,
prediction modes for the CUs, transform types for residual data of the CUs, quantization
parameters for residual data of the CUs, and so on. Mode selection unit 202 may
ultimately select the combmation of encoding parameters having rate-distortion values
that are better than the other tested combinations.

13143} Video encoder 200 may partition a picture retrieved from video data memory
230 1oto a series of CTUs, and encapsulate one or more CTUs within a slice. Mode
selection unit 202 mayv partition a CTU of the picture 1n accordance with a tree
structure, such as the MTT structure, QTBT structure. superblock stracture, or the quad-
tree structure described above. As described above, video encoder 200 may form one or
mare ClUs from partitioning a CTU according to the tree structure. Such a CU may also
be referred to generally as a “video block™ or “block.”

{3144} In general, mode selection unit 202 also controls the components thereof (e g,
motion cstimation unit 222, motion compensation unit 224, and intra-prediction unit
226) to generate a prediction block for a current block {e.g., a current CU, orin HEV(,
the overlapping portion of a PU and 2 TU). For inter-prediction of a current block,
motion estimation unit 222 may perform a motion search to identify one or more closely
matching reference blocks 1 one or more refercnce pictures (e.3., one or more
previously coded pictures stored in DPB 218}, In particular, motion estimation unit 222
may caleulate a value representative of how similar a potential reference block is to the
current block, ¢.g., according to sum of absolute difference (8AD), sum of squared
differences (S8D), mean absolute difference (MAD), racan squared differences (MSD),
or the like. Motion estimation unit 222 may generally perform these calculations using
sample-by-sample differences between the current block and the reference block being

considered. Motion estimation unit 222 may identify a reference block having a lowest
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value resulting from these calculations, indicating a reference block that most closely
matches the current block.

{8145} Motion estimation unit 222 may form one or more motion vectors (MVs} that
defines the positions of the reference blocks m the reference pictures relative to the
position of the current block m a current picture. Motion estimation unit 222 may then
provide the motion vectors {6 motion compensation vnit 224, For example, for uni-
directional inter-prediction, motion estimation unit 222 may provide a single motion
vector, whereas for bi-directional inter-prediction, motion estimation urat 222 may
provide two motion vectors. Motion compensation umit 224 may then generate a
prediction block using the motion vectors. For example, motion compensation umt 224
may retrieve data of the reference block using the motion vector. As another example,
tf the motion vector has fractional sample precision, raotion compensation unit 224 may
mnterpolate values for the prediction block according to one or more interpolation filters.
Marcover, for bi~directional inter-prediction, motion compensation unit 224 may
retrieve data for two reference blocks identified by respective motion vectors and
combine the retricved data, ¢.g., through sample-by-sample averaging or weighte
averaging.

{8146} When operating according to the AV1 video coding format, motion estimation
unit 222 and motion compensation unit 224 may be configured to encode coding blocks
of video data (¢.g., both tuma and chroma coding blocks) using translational motion
compensation, affine motion compensation, overlapped block motion compensation
(OBMC), and/or compound inter-intra prediction.

{6147} As another example, for mtra-prediction, or wtra-prediction coding, intra~
prediction unit 226 may generate the prediction block from samples neighboring the
current block. For example, for directional modes, intra-prediction unit 226 may
gencrally mathematically combine values of neighboring samples and populate these
calculated values in the defined direction across the current block to produce the
prediction block. As another example, for BC mode, intra-prediction wmt 226 may
calculate an average of the neighboring samples to the current block and generate the
prediction block to include this resulting average for cach sample of the prediction
block.

{0148} When operating according to the AV video coding format, intra-prediction unit
226 may be configured to encode coding blocks of video data {e 2., both luma and

chroma coding blocks} using directional intra prediction, non-directional intra



WO 2024/254314 PCT/US2024/032816
35

prediction, recursive filter intra prediction, chroma-from-fuma (CFL) prediction, intra
block copy (IBC}, and/or color paletie mode. Mode selection unit 202 may include
additional functional units to perform video prediction in accordance with other
prediction modes.

{0149} Mode selection unit 202 provides the prediction block to residual generation unit
204. Residual generation unit 204 receives a raw, voencoded version of the current
block from video data memory 230 and the prediction block from mode selection unit
202, Residual generation unit 204 caleulates sample-by-sample differences between the
current block and the prediction block. The resulting sample-by-sample differences
define a residual block for the current block. In some examples, residual generation unit
204 may also determine differences between sample values in the residual block to
gencrate a residual block using residual differential pulse code modulation (RDPCM).
In some examples, residual generation unit 204 may be formed using one or more
subtractor circuits that perform binary subtraction.

{0188} In exanmples where mode selection unit 202 partitions CUs into PUs, each PU
roay be associated with a luma prediction unit and corresponding chroma prediction
anits. Video encoder 200 and video decoder 300 may support PUs having various stzes.
As indicated above, the size of a CU may refer to the size of the luma coding block of
the CU and the size of a PU may refer to the size of a luma prediction unit of the PU.
Assuming that the size of a particular CU 15 2N<2N, video encoder 200 may support PU
sizes of 2Nx2N or NxN for intra prediction, and symmetric PU sizes of 2N<2ZN, ZNxN,
NxZN, NxN, or similar for inter prediction. Video cncoder 200 and video decoder 300
may also support asymmetric partitioning for PU sizes of 2MoinU, 2NxnDy, nlx2N, and
nRxZN for inter prediction.

{0151} In examples where mode selection unit 202 does not further partition a CU into
PUs, cach CU may be associated with a luma coding block and corresponding chroma
coding blocks. As above, the size of a CU may refer to the size of the luma coding
block of the CU. The video encoder 200 and video decoder 300 may support CU sizes
of 2Nx2N, ZNxN, or Nx2ZN.

{0182} For other video coding technigues such as an mira-block copy mode coding, an
affine-mode coding, and linear model (LM) mode coding, as some examples, mode
selection unit 202, via respective units associated with the coding techniques, generates
a prediction block for the current block being encoded. In some examples, such as

palette mode coding, mode selection unit 202 may not generate a prediction block, and
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instead generate syntax clements that indicate the maonuer in which to reconstruct the
block based on a sclected palette. In such modes, mode selection umt 202 may provide
these syntax elements o entropy encoding unit 220 to be encoded.

{0153} As described above, residual generation unit 204 receives the video data for the
current block and the corresponding prediction block. Residual generation urut 204 then
generates a residual block for the current block. To generate the residual block, residual
generation vait 204 calculates sample-by-sample differences between the prediction
block and the current block.

(6154} Transform processing unit 206 applies one or more transforms to the residual
block to generate a block of transform coefficients {referred to herein as a “transform
coefficient block™). Transform processing unit 206 may apply various transforms to a
residual block to form the transtorm coefficient block. For example, transform
processing unit 206 may apply a discrete cosine transform (BCT), a directional
transform, a Karhunen-Loceve transform (KLT), or a conceptually sinular transformto a
residual block. To some examples, transform processing unit 206 may perform multiple
transforms to a residual block, ¢.g., a primary transform and a sccondary transform,
sach as a rotational transform. In some examples, transform processing unit 206 does
not apply transforms to a residual block.

[8155] When operating according to AV 1, transform processing unit 206 may apply one
or more transforms to the residual block to generate a block of transform cocfficients
{(referred to herein as a “transform coefficient block™). Transform processing unit 206
may apply various transforms to a residual block to form the transform coefficient
block. For example, transform processing unit 206 may apply a horizontal/vertical
transform combination that may include a discrete cosine transform (DCT), an
asymmetric discrete sine transform (ADST), a thpped ADST {cg., an ADST in reverse
order), and an identity transform (IDTX). When using an identity transform, the
transform is skipped in one of the vertical or horizontal divections. In some examples,
transtorm processing may be skipped.

18156} Quantization unit 208 may quantize the transform coefficients m a transform
coefficient block, to produce a quantized transform cocfficicnt block. Quantization unit
208 may guantize transform coefficients of a transform cocfficient block according to a
quantization parameter {(QP) value associated with the current block. Video encoder
200 {c.g., via mode selection unit 202) may adjust the degree of guantization applied to

the transform coefficient blocks associated with the current block by adjusting the (P
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value associated with the CU. Quantization may introduce loss of imformation, and
thus, quantized transform coefficients may have lower precision than the onginal
transform coefficients produced by transform processing anit 206.

{0157} Inverse quantization unit 210 and mverse transform processing unit 212 may
apply inverse quantization and jnverse transforms to a quantized transform coefficient
block, respectively, to reconstruct a residual block from the transform coefficient block.
Reconstruction unit 214 may produce a reconstructed block corresponding to the current
block (albeit potentially with some degree of distortion) based on the reconstructed
residual block and a prediction block generated by mode selection unmit 202, For
example, reconstruction unit 214 may add samples of the reconstructed residual block to
corresponding samples from the prediction block generated by mode selection unit 202
to produce the reconstructed block.

{3158} Filter unit 216 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 216 may perform deblocking operations to reduce
blockiness artifacts along edges of CUs. Operations of filter unit 216 may be skipped,
in some examples.

{8159} When operating according to AV, filter unit 216 may perform one or more
filter operations on reconstructed blocks. For example, filter unit 216 may perform
deblocking operations to reduce blockiness artifacts along edges of CUs. In other
examples, filter unit 216 may apply a constrained divectional enhancement filter
(CDEF), which may be applied after deblocking, and may include the application of
non-secparable, non-lincar, low-pass directional filters based on estimated edge
directions. Filter unit 216 may also include a loop restoration filter, whuch s applied
after CDEF, and may include a separable symmetnc nommalized Wiener filter or a dual
self~guided filter.

{0160} Video encoder 200 stores reconsirucied blocks 1o DPB 218, For jnstance, in
examples where operations of filter unit 216 are not performed, reconstruction unit 214
may store reconstructed blocks to DPB 218, In examples where operations of filter vt
216 are performed, filter unit 216 may store the filtered reconstracted biocks to DPB
218, Motion estimation unit 222 and motion compensation unit 224 may retrieve a
reference picture from DPB 218, formed from the reconstructed {and potentially
filtered) blocks, to mter-predict blocks of subsequently encoded pictures. In addition,
intra-prediction unit 226 may use reconstructed blocks m DPB 218 of a current picture

to intra-predict other blocks n the current pacture.
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18161} In gencral, entropy encoding unit 220 may cuntropy coucode syntax clements
recetved from other functional components of video encoder 200, For example, entropy
encoding unit 220 may entropy encode quantized transform coefficient blocks from
quantization unit 208, As another example, entropy encoding unit 220 may entropy
encode prediction syntax elements (¢.g., motion information for mter-prediction or
intra~-mode mformation for wtra-prediction} from mode selection umt 202, Entropy
encoding unit 220 may perform one or more entropy encoding operations on the syntax
clements, which are another example of video data, to generate entropy-encoded data.
For example, entropy encoding unit 220 may perform a context-adaptive variable length
coding {CAVLC) operation, a CABAC operation, a vartable-to-variable (V2V} length
coding operation, a syntax-based context-adaptive binary arithmetic coding (SBAC)
operation, a Probability futerval Partitioning Entropy (PIPE) coding operation, an
Exponential-Golomb encoding operation, or another tvpe of entropy encoding operation
o the data. In some examples, entropy encoding unit 220 may operate in bypass mode
where syntax clements are not entropy encoded.

[8162] Video encoder 200 may output a bitstream that includes the entropy encoded
syntax elements needed to reconstruct blocks of a shice or picture. In particular, entropy
encoding unit 220 may output the bitstream.

{0163} In accordance with AV 1, entropy encoding unit 220 may be configured as a
symbol-to-symbol adaptive multi-symbol arithmetic coder. A syntax element in AV
inclades an alphabet of N elements, and a context {e.g., probability model} includes a
set of N probabilitics. Entropy encoding unit 220 may store the probabilities as n-bit
{c.g., 15-bit) cumulative distribution functions (CDFs). Entropy encoding wnit 220 may
perform recursive scaling, with an update facior based on the alphabet size, to update
the contexts.

{0164} The operations described above are descubed with respect to a block. Such
description should be understood as being operations for a luma coding block and/or
chroma coding blocks. As deseribed above, in some examples, the luma coding block
and chroma coding blocks are luma and chroma components of a CU. In some
exaraples, the loma coding block and the chroma coding blocks are luma and chroma
components of a PU.

{8165} In some examples, operations performed with respect to a luma coding block
need not be repeated for the chroma coding blocks. As one example, operations to

wdentify a motion vector MV} and reference picture for a luma coding block need not
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be repeated for identifying a MV and reference picture for the chroma blocks. Rather,
the MV for the tuma coding block may be scaled to determine the MV for the chroma
blocks, and the reference picture may be the same. Ag another example, the itra-
prediction process may be the same for the luma coding block and the chroma coding
blacks.

[8#166] Video encoder 200 represents an example of a device configured to encode
video data including a memory configured to store video data, and one or more
processing units tuplemented 1 circuitry and configured to determine a quantization
level for a cocfficient of a carrent block, for quantization or inverse quantization, from a
plurality of gquantization levels, determine an offset value based on the quantization
level, wherein the offset value is a first offset value based on the quantization level
being a first quantization level or a sccond, different offset value based on the
quantization level being a second quantization level, determine a quantization parameter
for the coefficient based on the determined offset value, and perform guantization for
the cocfficient based on the determined quantization parameter.

(81671 Also, video encoder 200 represents an example of a device configured to encode
video data including a memory configured to store video data, and one or more
processing units implemented in circuitry and configured to determine a quantizer fora
cocfficient, for quantization, from at feast a first guantizer and a second quantizer,
determine an offset value based on the quantizer, wherein the offset value 1s a first
offset value based on the quantizer being the first quantizer or a second, different offset
value based on the quantizer being the second quantizer, determine a quantization
parameter for the coefficient based on the determined offset value, and perform
quantization for the coefficient based on the determined quantization parameter.

{0168} Also, video encoder 200 represents an example of a device configured to encode
video data including a memory contigured to store video data. and one or more
processing units implemented in circintry and configured to determine a first quantizer
for a first coefficient of a luma component of a current block, for quantization,
determine a first offset valae for the first cocfficient, determine a first quantization
parameter for the first cocfficicnt based on the determined first guantizer and the first
offsct value, perform quantization for the first coefficient based on the determined first
quantization parameter, determine a second quantizer tor a second coefficient of a
chroma component of the current block, for guantization, deternuine a second offset

value for the second coefficient, the second offset value being different than the first
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offset value, determine a second quantization parameter for the second coefficient based
on the determined second quantizer and the second offset value, perform quantization
for the second coefficient based on the determined second quantization parameter.
{0169} FIG. 3 1 a block diagram illustrating an example video decoder 300 that may
perform the techniques of this disclosure. FIG. 3 15 provided for purposes of
explanation and i3 not lmiting on the techniques as broadly exemplified and described
in this disclosure. For purposes of explanation, this disclosure describes video decoder
300 according to the techmgues of VVC and HEVC. However, the techniques of this
disclosure may be performed by video coding devices that are configured to other video
coding standards.

[8178} In the example of FIG. 3, video decoder 300 mcludes coded picture bufter
{CPB) memary 320, entropy decoding unit 302, prediction processing unit 304, mverse
quantization sait 306, inverse transform processing unit 308, reconstriction unit 314,
filter unit 312, and DPB 314, Aay or all of CPB memory 320, entropy decoding unit
302, prediction processing unit 304, inverse quandization unit 306, mverse transform
processing untt 308, reconstruction unit 310, filter unit 312, and DPB 314 may be
tmplemented in one or more Processors or in processing circuitry. For instance, the
units of video decoder 300 may be implemented as one or more circuits or logie
clements as part of hardware circuitry, or as part of a processor, ASIC, or FPGA.
Moreover, video decoder 300 may include additional or altermative processors or
processing circuitry to perform these and other functions.

13171} Prediction processing unit 304 includes motion compensation unit 316 and mtra-
prediction unit 318, Prediction processing unit 304 may include additional umits to
perform prediction in accordance with other prediction modes. As examples, prediction
processing unit 304 may include a palette unit, an intra-block copy unit (which may
form part of motion compensation unit 316), an affine untt, a linear model (LM} unit, or
the hike. In other examples, video decoder 300 may include more, fower, or different
functional components.

16172} When operating according to AV 1, motion compensation unit 316 may be
countigured to decode coding blocks of video data (e.g., both luma and chroma coding
blocks} using translational motion compensation, affine motion compensation, OBMC,
and/or compound inter-inira prediction, as described above. Intra-prediction unit 318
mayv be configured to decode coding blocks of video data {c.g.. both luma and chroma

coding blocks) using directional intra prediction, non-directional intra prediction,
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recursive filter intra prediction, CFL, IBC, and/or color paletie mode, as described
above.

{8173} CPB memory 320 may store video data, such as an encoded video bitstream, to
be decoded by the components of video decoder 300, The video data stored in CPB
memary 320 may be obtaived, for example, from computer-readabie medmm 110 (FIG.
1). CPB memory 320 may include a CPB that stores encoded video data {c.g., syntax
clements) from an encoded video bitstream. Also, CPB memory 320 may store video
data other than syotax clements of a coded picture, such as temporary data representing
outputs from the various units of video decoder 300, DPB 314 generally stores decoded
pictures, which video decoder 300 may output and/or use as reference video data when
decoding subsequent data or pictures of the encoded video bitstream. CPB memory 320
and DPB 314 may be formed by any of a varicty of memory devices, such as DRAM,
including SDRAM, MRAM, RRAM, or other types of memory devices. CPB memory
320 and DPB 314 may be provided by the same memory device or separate memory
devices. In various examples, CPB memory 320 may be on-chip with other components
of video decoder 300, or off~chip relative to those components,

{6174} Additionally or alternatively, in some examples, video decoder 300 may retrieve
coded video data from memory 120 (FIG. 1), That is, memory 120 may store data as
discussed above with CPB memory 320. Likewise, memory 120 may store imstructions
to be executed by video decoder 300, when some or all of the functionality of video
decoder 300 is implemented in software to be executed by processing circuitry of video
decoder 300.

{61751 The various units shown in FIG. 3 are illustrated to assist with understanding the
operations performed by video decoder 300. The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof. Sinular to FIG 2,
fixed~-function circuits refer to circuits that provide particular functionality, and are
preset on the operations that can be performed. Programmable circuits refer to circuits
that can be programmed to perform various tasks, and provide Hexible fanctionality in
the operations that can be performed. For instance, programmable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by mstructions of the software or firmware. Fixed-function cireuits may
execute software instructions {¢.g., to receive parameters or sutput parameters), but the
types of operations that the fixed-function circutis perform are generally immutable. In

some examples, one or more of the units may be distinet circuit blocks (fixed-function



WO 2024/254314 PCT/US2024/032816
42

or prograromable}, and in sore exaniples, one or more of the units may be mtegrated
cireutts.

{8176} Video decoder 300 may mclade ALUs, EFUs, digital circuits, analog circuits,
and/or progranmumable cores formed from programmable circuits. In examples where the
operations of video decoder 300 are performed by software executing on the
programmable circuits, on-chip or off-chip memory may store imstructions {¢.g., object
code) of the software that video decoder 300 receives and executes.

16177} Entropy decoding unit 302 may receive encoded video data from the CPR and
entropy decode the video data to reproduce svntax elements. Prediction processing umt
304, wverse quantization unit 306, inverse transform processing unit 308,
reconstruction unit 310, and filter unit 312 may generate decoded video data based on
the syntax elements extracted from the bitstream.

{3178} In general, video decoder 300 reconstructs a picture on a block-by-block basis.
Video decoder 300 mayv perform a reconstruction operation on cach block individually
{where the block currently being reconstructed, 1.¢., decoded, may be referred to as a
“current block™).

{8179} Entropy decoding unit 302 may entropy decode syntax clements defining
quantized transform coefficients of a quantized transform cocfficient block, as well as
transform mfommation, such as a quantization parameter (QP) and/or transform mode
mdication(s}. Inverse quantization unit 306 may use the QP associated with the
quantized transform coefficient block to deternune a degree of quantization and,
likewise, a degree of inverse quantization for mverse quantization unit 306 to apply.
Inverse quantization unit 306 may, for example, perform a bitwise lefi-shaft operation to
mverse quantize the quantized transform coefficients. Inverse quantization unit 306
may thereby form a transform coefficient block including transform coefficients.
[6186] After inverse quantization unit 306 forms the transform coefficient block,
mverse transform processing unit 308 may apply one or more mverse transforms to the
transform coefficient block to generate a residual block associated with the current
block. For example, inverse transform processing unit 308 may apply an mverse DCT,
an foverse integer transform, an ioverse Karbunen-Locve transform (KL, an tnverse
rotational transform, an mverse divectional transform, or another inverse transform to
the transtform coefficient block.

[8181] Furthermore, prediction processing unit 304 generates a prediction black

according to prediction information syntax elements that were entropy decoded by
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entropy decoding unit 302, For exarapie, if the prediction information syntax clements
indicate that the current block 1s inter-predicted, motion compensation unit 316 may
generate the prediction block. In this case, the prediction information syntax clements
may indicate a reference picture in DPB 314 from which to retrieve a reference block,
as well as a motion vector identifying a location of the reference block in the reference
picture relative to the location of the current block in the current picture. Motion
compensation unit 316 may generally perform the inter-prediction process in a manner
that 1s substantially sinular to that described with respect to motion compensation unit
224 (F1G. 23

[8182] As another example, if the prediction information syntax elements indicate that
the carrent block is intra-predicted, mtra-prediction unit 318 may generate the
prediction block according to an intra-prediction mode mdicated by the prediction
wnformation syntax elements. Again, intra-prediction unit 318 may generally perform
the ingra-prediction process in a manner that is substantially similar to that descabed
with respect to intra-prediction unit 226 (FIG. 2}, Intra-prediction unit 318 may retricve
data of neighboring samples to the current block from DPB 314,

{6183} Recounstruction unit 310 may reconstract the current block using the prediction
block and the residual block. For example, reconstruction unit 310 may add samples of
the residual block to corresponding samples of the prediction block to reconstruct the
current block.

{3184} Filter unit 312 may perform one or more filter operations on reconstructed
blocks. For example, filter unit 312 may perform deblocking operations to reduce
blockiness artifacts along edges of the reconstructed blocks. Operations of filter unit
312 are not necessarily performed in all examples.

{0185} Video decoder 300 may store the reconstructed blocks in DPB 314, For
instance, in exarmaples where operations of filter unit 312 are not pertormed,
reconstruction unit 310 may store reconstructed blocks to DPB 314, In examples where
operations of filter unit 312 are performed, filter unit 312 may store the filtered
reconstructed blocks to DPB 314, As discussed above, DPB 314 may provide reference
information, such as samples of a curcent picture for intra-prediction and previously
decoded pictures for subseqguent motion compensation, to prediction processing unit
304, Moreover, video decoder 300 may output decoded pictures {(¢.g., decoded video)
from DPB 314 for subsequent presentation on a display device, such as display device

1R of FIG. 1.
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{0186} In this manner, video decoder 300 represents an example of a video decoding
device including a memory configured to store video data, and one or more processing
unils implemented in circaitry and configured to determine a quantization level for a
coefficient of a current block, for quantization or inverse quantization, from a plurality
of quantization levels, detenmine an offset value based on the guantization level,
wherein the offset valoe is a first offset value based on the quantization level being a
first quantization level or a second, different offset value based on the quantization level
being a second quantization level, deteroine an inverse-quantization parameter for the
coefficient based on the determined offset valve, and perform inverse-guantization for
the coefficient based on the determined inverse-quantization parameter.

{8187} Also, video decoder 300 represents an example of a video decoding device
ncluding a memory contigured to store video data, and one or more processing units
implemented in circuitry and configured to determine a quantizer for a coefficient, for
inverse quantization, from at least a first quantizer and a second quantizer, determine an
offset value based on the quantizer, wherein the offset value 1s a first offset value based
on the quantizer being the first quantizer or a second, different offset value based on the
quantizer being the second gquantizer, determine an inverse-quantization parameter for
the coefficient based on the determined offset value, and perform inverse-quantization
for the coefficient based on the deternuined inverse-quantization parameter.

{3188} Also, video decoder 300 represents an example of a video decoding device
including a memory configured to store video data, and one or more processing units
implemented in circuitry and configured to deteomine a first quantizer for a first
coefficient of a luma component of a current block, for inverse quantization, determine
a first offset value for the first coefficient, determine a first inverse-guantization
parameter for the first coefficient based on the determined first quantizer and the first
offset value, perfom inverse-quantization for the first coctiicient based on the
determined first inverse-guantization parameter, determine a second quantizer for a
second coefficient of a chroma component of the current block, for mverse quantization,
determine a second offset value for the second coefficient, the second offset value being
different than the first offset value, determine a second mverse~quantization parameter
for the second coefficient based on the determined second guantizer and the second
offset value, and perform mverse-quantization for the second coefficient based on the

determined second inverse-quantization parameter.
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[0189} FIG. 4 15 a flowcharnt illustrating an example method for encoding a current
block in accordance with the techmigues of this disclosuwre. The carrent block may be or
imchude a cwrrent CU. Although deseribed with respect to video encoder 200 (FIGS. 1
and 23}, it should be understood that other devices may be configured to perform a
method similar to that of FIG. 4.

[8190] In this example, video encoder 200 mitially predicts the carrent block (4003, For
example, video encoder 200 may form a prediction block for the current block. Video
encoder 200 may then calculate a residual block for the current block (402). To
calculate the residual block, video encoder 200 may calculate a difference between the
original, unencoded block and the prediction block for the current block. Video encoder
200 may then transform the residual block and quantize transform coefficients of the
residual block {c.g., using techuigues described in this disclosure) (404). Next, video
encoder 200 may scan the guantized transform coefficients of the residual block (406).
During the scan, or following the scan, video encoder 200 may entropy encode the
transform coefficients (408). For example, video encoder 200 may encode the
transform cocflicients using CAVLC or CABAC. Video encoder 200 may then output
the entropy encoded data of the block (410}

{6191} FIG. 3 1s a flowchart tllustrating an cxample method for decoding a current
black of video data in accordance with the techuiques of this disclosure. The current
block may be or include a current CU. Although described with respect to video
decoder 300 {FIGS. 1 and 3), it should be understood that other devices may be
configured to perform a method similar to that of FIG. 5.

{61921 Video decoder 300 may recetve entropy encoded data for the current block, such
as entropy encoded prediction mformation and entropy encoded data for transform
coefficients of a residual block corresponding to the current block {(500). Video decoder
300 may entropy decode the entropy encoded data to deternuine prediction information
for the current block and to reproduce transform coefficients of the residual block (502}
Video decoder 300 may predict the current block (504), ¢.g., using an intra- or inter-
prediction mode as indicated by the prediction information for the current block, to
calculate a prediction block for the current block, Video decoder 300 may then mnverse
scan the reproduced transform coefficients (306}, 1o create a block of quantized
transform coefficients. Video decoder 300 may then inverse quantize the transform
cocflicicnts {¢ 2., using the technigues described i this disclosure) and apply an mverse

transform to the transform coefficients to produce a residual block (508}, Video decoder
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300 may ultunately decode the current block by combining the prediction block and the
residual block (510}

(8193} FIG. 9 15 a flowchart illustrating a method of operation in accordance with one
or more examples. For ease of illustration, the example of FIG. 9 is described with
respect to video encoder 200 and video decoder 300. For example, one or more
memories {¢.g., memory 106, memory 120, video data memory 230, DPB 218, CPB
memory 320, DPB 314, or some other memory) may be configured to store video data.
Processing circuttry of video encoder 200 or video decoder 300 may be coupled to the
one or more memories and configured {o perform example techniques of FIG. 8.

{8194} Processing circuitry of video encoder 200 or video decoder 300 may determine a
quantizer for a coetficient of a current block, for quantization or inverse quantization,
from at least a first gquantizer and a sccond guantizer (900). Examples of the fiest
quantizer and the second quantizer are Q0 and Q1. The processing circuitry may be
configured to determine the quantizer based on state machine 700 of FIG. 7.

[0195} Processing circuitry of video encoder 200 or video decoder 300 may determine
an offset value based on the quantizer (902). The offset value may be a fivst offset value
based on the quantizer being the first quantizer or a sccond, different offset value based
on the quantizer being the second quantizer. In some examples, video encoder 200 may
signal in a bitstream and video decoder 300 may parse from the bitstream the first offset
value and the second offset value. In other examples, the fivst offset valoe and the
second offset value may be pre-stored.

18196} In one or more examples, a guantization level may also control which offset
value is selected. For instance, the processing circuntry of video encoder 200 or video
decoder 300 may determine a qoantization level for the coefficient of a current block.
Examples of the gquantization level for the coefficients inclade integer values such as
those ihustrated in FIGS. 6 and 8. The quantization level may be represented as vi
Video encoder 200 may determune vi based on a rate-distortion calculation, and may
signal information that video decoder 304 uses to determine vi

6197} To determine the offset value, the processing circuitry of video encoder 200 or
video decoder 300 may deternune the oftset value based on the quantizer and the
quantization value. For example, the first offsct value may be associated with the first
quantizer and the quantization level (e.g., of the coctficient}, and the first offset value
may be different than offset values associated with the fust quantizer and other

quantization levels. The second offset value may be associated with the second
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quantizer and the quantization level {¢.g.. of the cocfficient), and the second offset value
may be different than offset values associated with the second guantizer and other
quantization levels.

{0198} As one example, the quantization level of the coefficient may be one or negative
one, and the other quantization levels are greater than one or less than negative one.
Accordingly, in this example, if the quantizer is (30, and the quantization level for the
coefficient is one or negative one, then the offsct value may be the first offset value.
This first offset value mayv be different than the offset value for coefficients with a
quantization level that is not one or negative one but have quantizer Q0. Similary, if
the quantizer is Q1, and the quantization level for the coefficient is one or negative one,
then the offset value may be the second offset value. This sccond otfset value may be
different than the offset value for coefficients with a quantization level that is not one or
negative one but have quantizer Q1. In this way, the processing circuitry of video
encader 200 and video decoder 300 may assign a separate offset for quantization level
equal to 1 for the coefficients that are mapped to cocfficient level +/- 1, and the rest of
the levels are assigned a different quantization offset.

{8199} As another example, an absohite valae of the quantization level may be less than
a threshold, and an absolute value of the other quantization lovels may be greater than
the threshold. Accordingly, 1u this example, if the quantizer 15 Q0, and the quantization
level for the coefficient 1s less than the threshold, then the offset value may be the first
offset value. This first offset value may be different than the offset value for
cocfficients with a quantization level that is greater than the threshold but have
quantizer Q0. Similarly, if the quantizer is 31, and the quantization level for the
coefficient i3 less than the threshold, then the offset value may be the second offset
value. This second offset value may be different than the offset value for coefficients
with a quantization level that is greater than the threshold but have quantizer Q1. Intlus
way, the processing circutry of video encoder 200 and video decoder 300 may assign a
separate offset for absolute guantization levels less than a threshold {e.g. 4) and the rest
of the levels are assigned a different quantization offset.

10200} As another example, cach of the first offset value and the offset values
associated with the other guantization levels associated with the first quantizer are
different, and cach of the second offset value and the offset values associated with the
other guantization levels associated with the second quantizer are different.

Accordingly, in this example, 1f the quantizer 1s Q0, and the quantization levelisat a
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particular quantization level, then the offset value ray be the fust offset value. This
first offset value may be different than the offset value for coefficients with a
quantization level that is different than the particular guantization level but with
quantizer Q0. Smmilarly, if the quantizer is @1, and the quantization kevel is ata
particular quantization level, then the offset value may be the second offset value. This
second offset value may be different than the offset value for coefficients with a
quantization level that is different than the particolar quantization level but with
quantizer Q1. Inths way, the processing circuitry of video encoder 200 and video
decoder 300 may assign a different guantization offset vahue to each guantization level
{i.c., cach level is assigned a different quantization offset).

{6201} In some examples, the first offset value is associated with the first quantizer and
the coefficiont being for a luma block, and the fust offsct value s different than offset
values associated with the first quantizer and coefficients being for a chroma block. The
sceond offset value is associated with the second quantizer and the coefficient being for
the luma block, and the second offset value 1s different than offset values associated
with the second gquantizer and coefficients being for a chroma block.

{8282} The processing circuitry of video encoder 200 or video decoder 300 may
determine a quantization parameter of an inverse~-gquantization parameter for the
coefficient based on the determined offset value {904). For example, the processing
circuitry may determine yi + offset valoe as the quantization parameter or the mverse-
quantization parameter.

18203} The processing circuitry of video encoder 200 or vides decoder 300 may, as part
of encoding or decoding the carrent block, perform one of quantization or inverse-
quantization for the coefficient based on the determined guantization parameter or the
determined mverse-quantization parameter (906}, For example, vides encoder 200 may
perform quantization by deternining (vi + offset value)/{step size}. Video decoder 300
may perform mverse~quantization by determining {yi + offset valuey*(step size}. The
step size may be signaled or determined using non-signaling techniques.

10204} For example, to encode the current block, video encoder 200 may determing a
prediction block for the current block, and determine the coefficient based on a
difference between the prediction block and the current block. For instance, the
difference between the prediction block and the current block may be a residual value
that video encoder 200 transformos or does not transform {¢.g ., if transform skip is

enabled) to generate the coefficient.
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18205] In this example, to perform one of quantization or inverse-gquantization for the
coefficient based on the determined gquantization parameter or the determined inverse-
quantization parameter, video encoder 200 may perform guantization for the coefficient
based on the determined quantization parameter to generate a quantized coefficient.
Video encoder 200 may signal information indicative of the quantized cocfficicnt.
18206] As another example, to perform one of quantization or inverse-guantization for
the coefficient based on the determined quantization parameter or the determined
mverse-quantization parameter, video decader 300 may perform mverse-quantization
for the cocfficient based on the determined inverse~-quantization parameter to generate
an inverse-guantized coefficient. In this example, video decoder 300 may decode the
current block. To decode the current block, video decoder 300 may be configured to
determine residual values for the current block based on the inverse~-quantized
coefficient. For instance, if transform s enabled, video decoder 300 may inverse-
transform the inverse-quantized cocfficiont to generate a residual value. I transform
skip 1s enabled, the mverse-quantized coctficicnt may be the residual value.

18287} In this example, video decoder 300 moay determine a prediction block for the
current block. Video decoder 300 may add the prediction block to the residual values to
reconstruct the current block.

{0208} FIG. 10 15 a flowchart dlustrating a method of operation in accordance with one
or more examples. For case of tliustration, the example of FIG. 10 1s described with
respect to video encoder 200 and video decoder 300. For example, one or more
memories {¢.g., memory 106, memory 120, video data memory 230, DPB 218, CPB
memory 320, DPB 314, or some other memory} may be configured to store video data.
Processing circutiry of video encoder 200 or video decoder 300 may be coupled {o the
one or more memaries and configured to perform example technigues of FIG. 10,
{8209} fo the example of FIG. 9, the processing circuitry of video encoder 200 or video
decoder 300 may determine an offset value based on the guantizer. That is, whether the
quantizer was Q0 or (31 controlled whether the offset value would be the first offset
value or the second offset value. In FIG. 9, the quantization level may then be an
additional factor in detemuning whether the offset value would be the first offset value
or the second offset value. Also, in FIG. 9, whether a coefficient is for a luma or
chroma block may be another factor {e.g., in addition to or instead of quantization level}
in determuung whether the offset value would be the first offset value or the second

offset value,
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18218] In the example of FIG. 10, the processing circuitry of video encoder 200 or
video decoder 300 may determine an offset value based on the quantization level, That
is, in FIG. 19, the quantization level may control whether the offset value would be the
first offset value, the second offset value, or possibly some other offset value. In FIG.
19, the quantizer {¢.g.. Q0 or Q) may then be an additional factor n determining
whether the offset value would be the first offset value or the second offset value, or
some other offset value. In FIG. 10, whether a coefficient is for a luma or chroma block
may be another factor {(e.g., n addition to or mstead of quantizer) in deternuning
whether the offset value would be the first offset value or the second offset value.
{8211} For example, processing circuitry of video encoder 200 or video decoder 300
may determine a quantization level for a coefficient of a current block, for quantization
or mverse guantization, from a plurality of quantization levels (1000}, Examples of the
quantization level for the cosfficients include integer values such as those illustrated in
FIGS. 6 and 8. 'The quantization level may be represented as vi. Video encoder 200
ray determine vi based on a rate-distortion calculation, and may signal information that
video decoder 300 uses to determine vi.

{6212} Video encoder 200 and video decoder 300 may deternune an offset value based
on the quantization lovel {1002). The offset value is a first offset value based on the
quantization level being a first quantization level or a second, different offset value
based on the quantization level being a second gquantization level, Other offvet values
for other quantization levels are possible.

18213} For mstance, the first offset value may be based on the quantization level being 1
or -1, and the second offset value may be based on the quantization level] being greater
than 1 or less than -1, That s, if the quantization level of the coefficient 1s one or
negative one, the processing circuity of video encoder 200 or video decoder 300 may
determaine the offset value is equal to the first offset value, If the quantization level of
the coefficient is not one or negative one, the processing circuity of video encoder 200
or video decoder 300 may deternune the offset vahue 1s equal to the second offset value.
10214} As another example, the first offset value may be based on an absolute value of
the quantization level being less than a threshold {e.g., 4}, and the sccond offset value
may be based on an absolute value of the quantization level being greater than the
threshold. That is, it the absolute value of quantization level of the cocfficient is less
than the threshold, the processing circuity of video cncoder 200 or video decoder 300

may determinge the offset value 1s equal to the first offset value. If the absolute value of
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the quantization level of the cocficient is greater than the threshold, the processing
cirewty of video encoder 200 or video decoder 300 may deternune the offset value s
equal to the second offset value.

{0215} As another example, the first offset value and the second offset value may
always be different {¢.g., cach guantization level is assoctated with a different offset
value}. That is, if the guantization level of the coefficient is at a first guantization level,
the processing circuity of video encoder 200 or video decoder 300 may determine the
offset value is equal to the furst offset value. Ifthe quantization level of the coefficient
i3 at a sccond guantization level, the processing cireuity of video encoder 200 or video
decoder 300 may determine the offset value 1s equal to the second offset value, and so
forth.

[8216] 1o one or more of the above examples described with respect to FIG. 10, the
quantization level may control the offset value, regardless of the quantizer. Fora
quantization level, the offsct value is the same for Q0 and Q1. but the offset value may
be different for different quantization levels.

{6217} However, in some examples, whether the processing circuitry of video encoder
200 or video decoder 300 determines the first offset value or the second offset valoe
may be dependent of whether the quantizer 1s QU or 31, For instance, both the
quantizer and the quantization level may control the offset value. The processing
circuitry of video encoder 200 or video decoder 300 may determine a first offset value
for the quantizer being Q0 and the quantization level being a first quantization level, a
second offset value for the quantizer being Q1 and the quantization level being the first
quantization level, a third offset value for the quantizer being Q0 and the guantization
level being a second quantization level, and a fourth offset valoe for the guantizer being
31 and the guantization level being the second guantization level. At least two of the
first, second, third, and fourth offsct values may be different.

{8218} For example, assume that a cocflicient 1s a first coefficient, an offset value 1s an
offset value for the first coefficient, a guantization level is the first quantization level for
the first coefficiont, a quantizer for the first cocfficient is the first quantizer, the
quantization parameter is a first guantization parameter, and the inverse-quantization
parameter is a first inverse-quantization parameter. In this example, video encoder 200
and video decoder 300 may be configured to determine a quantizer for a second
cocficient, for guantization or iverse guantization, wherein the quantizer for the

second coefficient 1s the second guantizer,
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16219} Video encoder 200 and video decoder 300 may determune that a quantization
level for the second coefficient is the fivst quantization level, and determune an offset
vatoe for the second coetficient based on the quantizer for the second coefficient being
the second guantizer, and the quantization level being the first quantization level. In
this example, the offset value for the second coefficient is differcnt than the offset value
for the first coefficient based on the quantizer for the first and second coefficient being
different, while the guantization level for the first and second cocfficient is the same.
That is, although the quantization fevel for the first and second coefficient 1s the same,
the offset value for the first and second coefficient may be different because the
quantizer for the first and second coefficient is different.

[8228] The processing circuitry of video encoder 200 or video decoder 300 may
defermine a guantization parameter or an mverse~quantization parameter for the
cocfficient based on the determined offset valoe (1004). For example, the processing
circuitry may determine yi + offset value as the quantization parameter or the inverse-
quantization parameter.

(6221} The processing circuitry of video encoder 200 or video decoder 300 may, as part
of encoding or decoding the carrent block, perform one of quantization or inverse-
quantization for the coefficicnt based on the determined quantization parameter or the
determined mverse~quantization parameter (1006}, For exarnple, video encoder 200
may perform guantization by determining (vi + offset valueY/{step size). Video decoder
300 may perform inverse-quantization by determining (yi + offset value)*(step size}.
The step size may be signaled or determined using non-signaling fechuiques.

{6222} For example, to encode the current block, video encoder 200 may determine a
prediction block for the current block, and determine the coefficient based on a
difference between the prediction block and the current block. For instance, the
difference between the prediction block and the current block may be a residual value
that video encoder 200 transforms or does not transform {e.g., if transform skip is
enabled) to generate the coefficient.

18223} In this example, to perform one of guantization or inverse-gquantization for the
coefficient based on the deteroined quantization parameter or the deterined inverse-
quantization parameter, video encoder 200 may perform guantization for the coefficient
based on the determined quantization parameter to gencrate a quantized coefficient.

Video encoder 200 may sigoal information indicative of the quantized cocfficient.
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18224} As another examyple, to perform one of quantization or nverse-guantization for
the coefficient based on the determined quantization parameter or the determined
mverse-quantization parameter, video decoder 300 may perform inverse-quantization
for the coefficient based on the deternuned inverse-quantization parameter to gencrate
an inverse-quantized cocfficicnt. In thus exaraple, video decoder 300 may decode the
current block. To decode the current block, video decoder 30¢ may be configured to
determine residual values for the current block based on the inverse-quantized
coefficient. For instance, if transform is enabled, video decoder 300 may inverse-
transform the mverse-quantized coefficient {0 generate a residual value. If transform
skip is enabled, the inverse~quantized cocflicient may be the residual value.

{6225} In this example, video decoder 300 may determine a prediction block for the
current block. Video decoder 300 may add the prediction block to the residual values to
reconstruct the current block.

18226} The following mumbered clauses illustrate one or more aspects of the devices
and techniques deseribed 1o this disclosure.

(8227} Clause 1A A method of encoding or decoding video data, the method
comprising: determining a guantizer for a coefficiont, for quantization or inverse
quantization, frony at least a first quantizer and a sccond guantizer, determining an offset
value based on the quantizer, wherein the offset value 1s a first offset value based on the
quantizer being the first quantizer or a second, different offset value based on the
guantizer being the second quantizer; determining a quantization parameter or an
inverse-quantization parameter for the coefficient based on the deteomined offset value;
and performing one of quantization or mverse~-guantization for the coefficient based on
the determined quantization parameter or the determined inverse-quantization
parameter.

10228} Clause 2A: The method of clause 1A, wherein determining the offset value
corprises one of. determining the offsct value based on signahng; determining the
offset value based on denved information, without signaling, or determining the offset
value based on pre-stored information.

10229} Clause 3A. A method of encoding or decoding video data, the method
comprising: determining a first quantizer for a first coefficient of a luma component of a
current block, for quantization or inverse quantization, determining a first offset value
for the first cocfficient; deternuning a first guantization parameter or a first inverse-

quantization parameter for the first coefficient based on the determined first quantizer
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and the first offsct value; perfornming one of quantization or inverse-quantization for the
first coefficient based on the determined first quantization parameter or the determined
first inverse-quantization parameter; deternuining a second quantizer for a second
coefficient of a chroma component of the current block, for quantization or inverse
quantization; determining a second offsct value for the sccond cocfficient, the second
offset value being different than the first offset value; determining a second quantization
parameter or a second inverse-quantization parameter for the second coefficient based
on the determined second guantizer and the second offset value: and performing one of
quantization or inverse-gquantization for the second coefficient based on the determine
second guantization parameter of the determined second inverse~quantization parameter.
16230} Clavse 4A.  The method of clause 3A, wherein determining the first offset
value for the first cocfticient comprises deternuning the fust offset value based on the
first coefficient being for the luma component, and wherein determining the second
offset value for the second cocfficient comprises determining the scoond offset value
based on the second coefficient being for the chroma component.

(8231} Clause 3A. A method comprising any combination of clauses 1A-4A.

(62321 Clase 6A. A device for encoding or decoding video data, the device
comprising: memory configured to store the video data; and processing circuitry
coupled to the memory, wherein the processimg circuitry is configured to perform the
method of any one or combination of clauses 1A-3A.

{8233} Clause 7TA. The device of clause 6, further comprising a display configured to
display decoded video data.

{6234} Clause 8A.  The device of any of clauses 6A and 7A, wherein the device
comprises one or more of a camera, a computer, a mobile device, a broadeast recerver
device, or a set-top box.

{0235} Clause 9A.  The device of any of clauses 6A-8A, wherein the device
comprises a video decoder.

{8236} Clause 10A.  The device of any of clauses 6A-9A, wherein the device
comprises a video encoder.

10237} Clause 11A. A computer-readable storage medium having stored thercon
istructions that, when executed, cause one or more processors 1o perform the method of

any one or combination of clauses TA-5A.
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10238} Clause 12ZA. A device for encoding or decoding video data, the device
comprising means for performing the method of any one or combination of clauses [A-
SA.

6239} Clause 1. A method of processing video data, the method comprising:
determaining a quantization level for a coefficient of a current block from a plurality of
quantization levels; determining an offset value based on the quantization level, wherein
the offset value is a first offset value based on the guantization level being a first
quantization level or a second, different offset value based on the quantization level
being a second quantization level; determining a quantization parameter Or an inverse-
quantization parameter for the cocfficient based on the determined offset value: and as
part of encoding or decoding the current block, performing one of quantization or
mverse~guantization for the coefficient based on the deternuned quantization parameter
or the determined wnverse-quantization parameter.

16240} Clausc 2. The method of clause |, further comprising: detcrmining a
quantizer for the coefficient from at least a first quantizer and a second quantizer,
{6241} wherem determining the offset value comprises determining the offset value
based on the quantization level and the quantizer.

{6242} Claose 3. The method of clause 2, wherein the coefficient is a first
coefficient, the offset value is an offset value for the first coefficient, the guantization
evel is the first quantization level for the first coefficient, the quantizer for the first
coefficient is the first quantizer, the quantization parameter is a first quantization
parameter, and the inverse-quantization parameter is a first inverse-quantization
parameter, the method further comprising: determining a quantizer for a second
coefficient, for quantization or inverse gaantization, wherein the guantizer for the
second coefficient is the second quantizer; determining that a quantization level for the
second coefficient 1s the first quantization level; detemuning an offset value for the
second coefficient based on the quantizer for the second coefficient being the second
quantizer, and the guantization level being the first quantization level, wherein the offset
value for the second coefficient is different than the offset value for the first coefficient
based on the gquantizer for the first and second coefficient being different, while the
quantization level for the first and second coefficient is the same; determining a second
quantization parameter or a second inverse-quantization parameter for the second
coefficient based on the determined offset value for the second cosfficient; and

performing one of quantization or inverse~quantization for the second coefficient based
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on the determined second quantization parameter or the determined sccond mverse-
quantization parameter.

(8243} Clapse 4. The method of any of clanses 1-3, wherein each of the phuslity
of guantization levels is associated with a different offset value.

{8244} Clause 5. The method of any of clauses 1-3, wherein determining the offset
value comprises: determining that the offset value 1s the first offset value based on the
quantization level being one or negative one, or determining that the offset value is the
second offset value based on the quantization level being greater than one or less than
negative one.

{8245} Clause 6. The method of any of clauses 1-3, wherein deternuning the offset
value comprises: determining that the offset value is the first offset value based on an
absolute value of the quantization lovel being less than a threshold, or determinung that
the offset value is the second offset value based on the absolute value of the
quantization level being greater than the threshold.

10246} Clause 7. The method of anv of clauses 1-6, wherein the first offset value
is associated with the first quantization level and the coefficient being for a luma block,
and the first offset value is different than offset valaes associated with the first
quantization level and cocfficients being for a chroma block, and wherein the second
offset value s associated with the second quantization level and the coefficient being for
the luma block, and the second offset value 1s different than offset valucs associated
with the second guantization level and coefficients being for the chroma block.

18247} Clause 8. The method of any of clauses 17, further comprising encoding
the current block, wherein encoding the current block comprises: determining a
prediction block for the current block; and determiming the coefficient based ona
difference between the prediction block and the current block, wherein performing one
of quantization or nverse-quantization for the coctficient based on the determined
quantization parameter or the determined inverse~quantization parameter comprises
performing guantization for the coefficient based on the determined quantization
parameter to generate a quantized coefficient, wherein encoding the current block
further comprises signaling infonmation indicative of the quantized coefficient.

{0248} Clause 9. The method of any of clauses 1-7, wherein performing one of
quantization or inverse~-guantization for the coefficient based on the determined
quantization parameter or the deternined inverse-quantization parameter comprises

performing mverse-guantization for the coefficient based on the determined inverse-
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quantization parameter 1o generate an mverse-~quantized coefficicnt, the method further
compnsing decoding the current block, wherein decoding the current block: determining
residual values for the current block based on the inverse-guantized coefficient;
determining a prediction block for the current block: and adding the prediction block to
the residual values to reconstruct the current block.

[68249] Clause 10, A device for processing video data, the device comprising: one of
more memories configured to store the video data; and processing circuitry coupled to
the one or more memonies, wherein the processing circuiiry 18 configured to: determine
a quantization level for a coefficient of a current block from a plarality of quantization
levels: determine an offset value based on the quantization level, wheren the offset
value is a first offset value based on the quantization fevel being a first quantization
level or a second, different offsct value based on the quantization level being a second
quantization level: determing a quantization parameter or an inverse-quantization
parameter for the coefficient based on the determined offset value; and as part of
encoding or decoding the current block, perform one of quantization or inverse-
guantization for the coefficient based o the determived quantization parameter or the
determined inverse-guantization parameter.

[6258] Clause 11, The device of clause 10, whercin the processing circuitry is
configured to: determine a quantizer for the cocfficient from at least a first quantizer and
a second guantizer, wherein to determine the offset value, the processing circuitry 13
configured to determine the offset value based on the quantization level and the
quantizer.

{62811 Clause 12, The device of clause 11, wherein the coefficient is a fivst
coefficient, the offset value 15 an offset value for the first coefficient, the quantization
level is the first quantization lovel for the first coefficient. the quantizer for the first
cocflicient is the first quantizer, the quantization parameter is a fust quantization
parameter, and the inverse-quantization parameter 19 a first mverse~quantization
parameter, and wherein the processing circuitry is configured to: determine a quantizer
for a second coctficient, for quantization or inverse quantization, wherein the quantizer
for the second coefficient is the second guantizer; deternining that a quantization level
for the second coefficient 1s the first quantization level; determine an offset value for the
second coefficient based on the quantizer for the second coctficient being the second
quantizer, and the guantization level being the first quantization level, wherein the offsct

value for the second coefficient is different than the offset value for the first coefficient
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based on the quantizer for the first and second coefficient being different, while the
quantization level for the first and second coefficient is the same; determine a second
quantization parameter or a second inverse-quantization parameter for the second
coefficient based on the determined offset value for the second coefficient; and perform
one of quantization or inverse-quantization for the second coefficient based on the
determined sccond quantization parameter or the determined sccond mverse-
quantization parameter.

16252} Clause 13, The device of any of clauses 10-12, wherein cach of the plurality
of quantization levels is associated with a different offset value.

{8253} Clavse 14. The device of any of clauses 16-12, wherein o determine the
offset value. the processing circuitry is configured to: determine that the offset value is
the first offset value based on the quantization level being one or negative one, or
determine that the offset vahue is the second offset value based on the quantization level
being greater than one or less than negative one.

10284} Clause 15, The device of any of clauses 10-12, wherein to deternine the
offsct value, the processing cirewtry 1s configured to: determine that the offset value 1s
the first offset value based on an absolute value of the guantization level being less than
a threshold, or determine that the offset value is the second offset value based on the
absolute value of the quantization level being greater than the threshold.

{8258 Clause 16, The device of any of clauses 1015, wherein the first offset value
1s associated with the first quantization level and the cocfficient being for a luma block,
and the first offset value is different than offsct values associated with the first
quantization level and coefficients being for a chroma block, and wherein the second
offset value is associated with the second quantization level and the coefficient being for
the luma block, and the second offset value is different than offset values associated
with the sccond guantization level and coefficients being for the chroma block.

(9256} Clause 17, The device of any of clauses 1016, wherein the processing
circaitry is configured to encode the current block, wherein to encode the corrent block,
the processing circuitry is configured to: determine a prediction block for the current
block; and determine the coefficient based on a difference between the prediction block
and the current block, wherein to perform one of quantization or inverse-guantization
for the coefficient based on the determined quantization parameter o1 the determined
mverse-guantization parameter, the processing circuitry is configured to perforn

quantization for the coefficient based on the determined guantization parameter to
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generate a quantized coctlicicnt, wherein to encode the current block, the processing
cirewtry is further configured to signal information indicative of the quantized
coefficient.

[0257F Clanse 18, The device of any of clauses 10-16, wherein to perform one of
quantization or inverse-quantization for the coefficient based on the deternuined
quantization parameter or the determined inverse~quantization parameter, the processing
circuitry is configured to perform inverse-quantization for the coefficient based on the
deternuned mverse-quantization parameter to gencrate an inverse-quantized coefficient,
wherein the processing circuitry is forther configured to decode the current block, and
wherein to decode the current block, the processing circuitry is configured to: determine
residual values for the current block based on the inverse-quantized coctficient;
deterraine a prediction block for the current block; and add the prediction block to the
residual valoes to reconstruct the current block.

18258] Clause 19. A computer-readable storage medium storing instructions thercon
that when executed cause one or more processors to: deterune a quantization level for
a coefficient of a current block from a plurality of guantization levels; determine an
offset value based on the quantization level, wherein the offset vahue is a first offset
value based on the quantization lovel being a first quantization level or a second,
different offset value based on the quantization level being a second quantization level;
determine a quantization parameter or an mverse~-gquantization parameter for the
cocfficient based on the determined offset value: and as part of encoding or decoding
the current block, perform one of quantization or inverse-quantization for the cocfficient
based on the determined guantization parameter or the determuned inverse-quantization
parameter.

{8259 Clause 20.  The computer-readable storage medium of clause 19, wherein
cach of the plurality of quantization levels 1s associated with a different offset value.
{08260 Tt 15 to be recognized that depending on the example, certain acts or events of
any of the technigues described herein can be performed in a different sequence, may be
added, merged, or left out altogether {¢ g., not all described acts or events are necessary
for the practice of the techniques). Morcover, 1n certamn examples, acts or cvents may
be performed concurrently, ¢.g., through multi-threaded processing, mterrupt
processing, or multiple processors, rather than sequentially.

{0261} Tn one or more examples, the functions described may be implemented in

hardware, software, firmware, or any combination thereof. I implemented in software,
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the functions may be stored ov or transmitted over as one or more jnstructions of code
on a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or communication media
including any medium that facilitates transter of a computer program from one place to
another, e.g., according to a commumication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
roedia which is non-transttory or (2) a convnunication medium such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
One OF OIS COMPUEErs OF GnE Of MOTS Processors to retrteve instructions, code and/or
data stouctures for tmplementation of the techniques described in this disclosure. A
compuier program product may mehade a computer-readable medium.,

{8262} By way of example, and not limitation, such computer-readable storage media
may include one or more of RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage, or other magnetic storage devices, flash memory, or any
other medium that can be used to store desired program code o the form of instructions
or data structures and that can be accessed by a computer. Also, any connection is
propetly termed a computer-readable medium. For example, if instructions are
transmitied from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscniber hne (BSL), or wireless technologics such as
mfrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wircless technologies such as infrared, radio, and microwave are included 1n
the definition of medium. | should be understood, however, that computer-readable
storage media and data storage media do not include connections, camvier waves, signals,
or other transitory media, but are instead directed to non-transitory, tangible storage
media. Disk and disc, as used herem, includes compact dise (C1), laser disc, optical
disc, digital versatile disc {BVD), floppy disk and Blu-ray disc, where disks usually
reproduce data magnetically, while discs reproduoce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

{62631 Instructions may be exccuted by one or more processors, such as one or more

DSPs. general purpose microprocessors, ASICs, FPGAgs, or other equivalent integrated
or discrete logic circuitry. Accordingly, the terms “processor” and “processing

circuitry,” as used herein may refer to any of the foregoing structures or any other
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structure suttable for implementation of the technigues described herein. In addition, in
some aspects, the functionality described herein may be provided within dedicated
hardware and/or software modules configured for encoding and decoding, or
incorporated in a combined codec. Also, the techniques could be fully implemented in
one or More circuits or logic clements.

[8264] The techmques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of
ICs {e.g., achip set}. Various components, modules, or urats are described i this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessartly require realization by different hardware
units. Rather, as described above, vartous units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
18265] Various cxamples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED IS:
I A method of processing video data, the method comprising:

determining a quantization level for a coefficient of a current block from a
plurality of quantization levels;

determining an offset value based on the quantization level, wherein the offset
value is a first offset value based on the quantization level being a first quantization
level or a second, different offset value based on the quantization level being a second
quantization level;

determining a quantization parameter or an inverse-guantization parameter for
the coefficient based on the determined offset value: and

as part of encoding or decoding the current block, performing one of
quantization or inverse-quantization for the coefficient based on the determined

guantization parameter or the determined inverse~-quantization parameter.

2. The method of claim 1, further comprising:

determining a quantizer for the coefficient from at least a first quantizer and a
second quantizer,

wherem determining the offset value comprises deternuning the offset value

based on the quantization level and the quantizer,

3. The method of claim 2, wherein the coefficient is a first coefficient, the offset
value is an offset value for the first coefficient, the quantization level is the first
quantization level for the first coefficient, the quantizer for the first coefficient is the
first quantizer, the quantization parameter is a first quantization parameter, and the
inverse~-guantization parameter is a first inversc~quantization parameter, the method
further comprising:

determining a quantizer for a second coefficient, for quantization or inverse
quantization, wherein the quantizer for the second coefficient is the second quantizer;

determining that 3 quantization level for the second coetficient is the first
quantization level;

determining an offset value for the second coefficient based on the quantizer for
the second coefficient being the second quantizer, and the guantization level being the

first quantization level, wherein the offset value for the second coefficient 1s different



WO 2024/254314 PCT/US2024/032816
63

than the offset value for the first coefficient based on the quantizer for the first and
second coetticient bemg different, while the quantization level for the first and second
coefficient is the same;

determining a second quantization parameter or a second inverse-quantization
parameter for the second coefficicnt based on the determined offset value for the second
coefficient; and

performing one of quantization or inverse-quantization for the second coefficient
based on the deternmined second quantization parameter or the deterouned second

mverse-quantization parameter.

4, The method of claim 1, wherein each of the plurality of quantization levels is

associated with a different offset value.

5. The method of claim |, whercin determining the offset value comprises:
deternuining that the offset value is the first offset value based on the
quantization level being one or negative one, or
determining that the offset valoe is the second offset value based on the

quantization level being greater than one or less than negative one.

6. The method of claim 1, wherein determining the offset value comprises:
determuning that the offset value is the first offset valae based on an absolute
value of the quantization fevel being less than a threshold, or
determining that the offset value is the second offset value based on the absolute

valoe of the quantization level being greater than the threshold.

7. The method of claim 1,

wherein the first offset value is associated with the first quantization level and
the coefficient being for a luma block, and the first offset value 15 different than offset
values associated with the first quantization level and coefficients being for a chroma
block, and

wherein the second offset value 1s associated with the second quantization level
and the coefficient being for the loma block, and the second offset value is different
than offset values associated with the second quantization level and cocfficients being

for the chroma block.
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g The method of claim i, further comprising encoding the current block, wherein
encoding the current block comprises:

determining a prediction block for the current block: and

determining the coetficient based on a difference between the prediction block
and the current block,

wherein performing one of quantization or wnverse-quantization for the
coefficient based on the determined quantization parameter or the determined inverse-
quantization parameter comprises performing quanitzation for the coefficiont based on
the determined quantization parameter to generate a quantized coefficient,

wherein encoding the current block further comprises signaling information

indicative of the quantized coefficient.

9. The method of claim 1, wherein performing one of quantization or inverse-
guantization for the coetficient based on the determined quantization parameter or the
deternuned mverse-quantization parameter comprises performing mverse-guantization
for the cocfficient based on the determined nverse~quantization parameter to gencrate
an inverse-guantized coefficient, the method further comprising decoding the current
bloack, whercin decoding the current block:

determining residual values for the current block based on the mverse~-quantized
coctticient;

deternuning a prediction block for the current block; and

adding the prediction block to the residual values to reconstruct the current

block.
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10, A device for processing video data, the device comprising:
one or more memories configured to store the video data; and
processing circuitry coupled to the one or more memories, wherein the
processing circuitry is configured o
determine a quantization level for a coctlicient of a current block from a
plurality of quantization levels;
determine an offset value based on the quantization level, wherein the
offsct value s a first offset value based on the quantization level being a first
quantization level or a second, different offset value based on the guantization
level being a second guantization level;
detenmine a quantization parameter of an inverse-quantization parameter
for the coefficient based on the deterouved offset value; and
as part of encoding or decoding the current block, perform one of
guantization or inverse-quantization for the coefficient based on the determined

guantization parameter or the determuned 1nverse-quantization parareter.

11, The device of claim 10, wherein the processing circuitry is configured to:
determine a guantizer for the coefficient from at least a first quantizer and a
second quantizer,
wheremn to determine the offset value, the processing circurtry is configured to

determine the offset vahue based on the guantization level and the quantizer.

12 The device of clamm 11, wherem the coefficient 1s a first coefficient, the offset
value 1s an offset value for the first coefficient, the quantization level is the first
quantization level for the first coefficient, the quantizer for the first coefficient is the
first quantizer, the guantization parameter is a first quantization parameter, and the
mverse~gquantization parameter is a first inverse~quantization parameter, and wherein the
processing circuitry is configured to:

determine a quantizer for a seccond coefficient, for quantization or inverse
quantization, whercin the quantizer for the second coefficient is the second guantizer;

determining that a quantization level for the second coefficient is the first quantization

determine an offset value for the second coefficient based on the guantizer for

the second coefficient being the second quantizer, and the quantization level being the
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first quantization level, wherein the offset value for the second coefficient is difforent
than the offset value for the first coefficient based on the quantizer for the first and
second coefficient being different, while the quantization level for the first and second
coefficient is the same;

determine a second quantization parameter or a second inverse-quantization
parameter for the second coefficient based on the determined offset value for the second
coetfticient; and

perform one of quantization or inverse~quantization for the second coefficient
based on the determined second quantization parameter or the determined second

inversc-quantization parameter.

13, The device of claim 10, wherein cach of the plurality of quantization levels s

associated with a different offset value.

14. The device of claim 10, wherein to determoine the offset value, the processing
circutry 1s configured to:

determine that the offset value is the first offset value based on the guantization
level being one or negative ong, or

determuine that the offset value 1s the second offset value based on the

quantization level being greater than one or less than negative one.

15, The device of claim 10, wherein to determine the offset value, the processing
cireuttry is configured to:

determine that the offset value is the first offset value based on an absolute value
of the quantization level bemng less than a threshold, or

determinge that the offset value is the sccond offset value based on the absolute

value of the quantization level being greater than the threshold.

16. The device of claim 10,

wherein the first offsct value 15 associated with the first quantization level and
the coefficient being for a tuma block, and the first offset value is different than offset
values assoctated with the first guantization level and coefficients being for a chroma

black, and
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wherein the second offset value is associated with the second quantization level
and the coefficient being for the tuma block, and the second offset value s different
than offset vahues asaociated with the second quantization level and coefficients being

for the chroma block.

17.  Thedevice of claim 10, wherein the processing circuitey is configured to encode
the current block, wherein to encode the current block, the processing circuitry is
contigured to:

determine a prediction block for the current block; and

determine the coefficient based on a difference between the prediction block and
the carrent block,

wherein to perform one of quantization or jnverse-quantization for the
coefficient based on the determined quantization parameter or the determined inverse-
quantization parameter, the processing circuitry is configured to perform guantization
for the coefficient based on the determined quantization parameter to generate a
quantized coefficient,

wherein to encode the current block, the processing circuitry is further

configured to signal mformation indicative of the quantized coctficient.

18, The device of claim 10, wherein to perform one of quantization or inverse-
quantization for the coefficient based on the determined quantization parameter or the
deternuned inverse-quantization parameter, the processing circuitry is configured to
perform inverse~-gquantization for the coefficient based on the determined nverse-
quantization parameter t¢ generate an inverse-quantized coefficient, wherein the
processing circuitry is further configured to decode the current block, and wherein to
decode the current block, the processing circutiry is counfigured 1o

determine residual values for the current block based on the inverse-quantize
coctficient;

determine a prediction block for the current block: and

add the prediction block to the residual values to reconstruct the current block,
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19, A computer-readable storage medium storing instructions thereon that when
executed CaUse ONS OF OIS Processors (o)

determine a quantization level for a coefficient of a current block from a
plurality of quantization levels;

determine an offset value based on the quantization level, wherein the offset
value 13 a first offset value based on the quantization level being a first quantization
level or a second, different offset value based on the quantization level being a second
quantization level;

determine a quantization parameter or an mverse-guantization parameter for the
coefficient based on the determined offset value; and

as part of encoding or decoding the current block, perform one of quantization or
inverse~-quantization for the cocfficient based on the determined quantization parameter

or the determined inverse~quantization parameter.

20, The compuicr-readable storage medimn of claim 19, wherein cach of the

plurality of quantization levels 1s associated with a different offset value,



