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METHOD AND APPARATUS FOR VIDEO CODING

INCORPORATION BY REFERENCE
{68] Thus present application clairs the benefit of priority to U.S. Patent Application No.
17/226,672, “METHOD AND APPARATUS FOR VIDEQ CODING” filed on April 1, 2021,

which claims the benefit of priorty to U.S. Provisional Application No. 63/005,34S5, "Method for
signaling of subpicture and shice partitioning in coded video stream” filed on April 5, 2020, U.S.
Provisional Application No. 63/010,272, "Method for signaling picture header and slice header in
coded video stream™ filed on April 15, 2020, U.S. Provisional Application No. 63/024,140,
"Techniques for coding tool control with constraint flags in coded video stream” filed on May 13,
2020, U.S. Provisional Application No. 63/027,848, "Techniques for signaling field coding
information in multilayered video stream” filed on May 20, 2020, and U.S. Provisional Application
No. 63/028,222, "Techniques for conditional signaling of constraint flags in coded video stream”
filed on May 21, 2020. The entire disclosures of the prior applications are hereby incorporated by

reference in their entirety.

TECHNICAL FIELD

{06617 The present disclosure describes embodiments generally related to video coding.
BACKGROUND
{6662]  The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Work of the presently named inventors, to the extent the
work 18 described in this background section, as well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly nor impliedly admitted as
prior art against the present disclosure.

10683}  Video coding and decoding can be performed using inter-picture prediction with
motion compensation. Uncompressed digital video can include a series of pictures, each picture
having a spatial dimension of, for example, 1920 x 1080 luminance samples and associated
chrominance samples. The series of pictures can have a fixed or variable picture rate (informally
also known as frame rate), of, for example 60 pictures per second or 60 Hz. Uncompressed video
has specific bitrate requirements. For example, 1080p60 4:2:0 video at 8 bit per sample (1920x1080
fuminance sample resolution at 60 Hz frame rate) requires close to 1.5 Gbit/s bandwidth. An hour
of such video requires more than 600 GByies of storage space.
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{0664  One purpose of video coding and decoding can be the reduction of redundancy in the
input video signal, through compression. Compression can help reduce the aforementioned
bandwidth and/or storage space requirements, in some cases by two orders of magnitude or more.
Both lossless compression and fossy compression, as well as a combination thereot can be
emploved. Lossless compression refers to techniques where an exact copy of the original signal can
be reconstructed from the compressed original signal. When using lossy compression, the
reconstructed signal may not be identical o the original signal, but the distortion between original
and reconstructed signals is small enough to make the reconstructed signal useful for the intended
application. In the case of video, lossy compression is widely employed. The amount of distortion
tolerated depends on the application; for example, users of certain consumer streaming applications
may tolerate higher distortion than users of television distribution applications. The compression
ratio achievable can reflect that: higher allowable/tolerable distortion can yield higher compression
ratios.

[0083] A video encoder and decoder can utilize techniques from several broad categories,
including, for example, motion compensation, transform, quantization, and entropy coding.

[0086]  Video codec technologies can include technigues known as intra coding, To infra
coding, sample values are represented without reference to samples or other data from previously
reconstructed reference pictures. In some video codecs, the picture 1s spatially subdwvided mto
blocks of samples. When all blocks of samples are coded i intra mode, that picture can be an intra
picture. Intra pictures and their derivations sech as independent decoder refresh pictures, can be
used to reset the decoder state and can, therefore, be used as the first picture 10 a coded video
bitstream and a video session, or as a still image. The samples of an intra block can be exposedtoa
transform, and the transform coefficients can be quantized before entropy coding. Intra prediction
can be a technique that mminuzes sample values i the pre-transform domain. In some cases, the
smaller the DC value alter g transform s, and the smaller the AC coefficients are, the fewer the bits
that are required at a given quantization step size to represent the block after entropy coding.

{6667}  Traditional inira coding such as known from, for example MPEG-2 generation
coding technologies, does not use intra prediction. However, some newer video compression
technologies include techniques that attempt, from, for example, surrounding sample data and/or
metadata obtained during the encoding/decoding of spatially neighboring, and preceding in

decoding order, blocks of data. Such technigues are henceforth called “intra prediction” technigues.
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Note that in at least some cases, intra prediction is using reference data only from the current picture
under reconstruction and not from reference pictures.

{0668}  There can be many different forms of intra prediction. When more than one of such
technigues can be used in a given video coding technology, the technique in use can be coded in an
intra prediction mode. In certain cases, modes can have submodes and/or parameters, and those can
be coded individually or included in the mode codeword. Which codeword to use for a given
mode/submaode/parameter combination can have an impact in the coding efficiency gain through
intra prediction, and so can the entropy coding technology used to translate the codewords into a
bitstream.

{0089} A certain mode of inira prediction was introduced with H.264, refined in H 265, and
further refined in newer coding technologies such as joint exploration model (JEM), versatile video
coding (VYV}, and benchmark set (BMS). A predictor block can be formed using neighboring
sample values belonging to already avadable samples. Sample values of neighboring saroples are
copied into the predictor block according to a direction. A reference to the direction in use can be
coded m the bitstream or may iself be predicted.

[0610]  Referring to FIG 14, depicted 1 the lower right is a subset of nine predictor
directions known from H.265’s 33 possible predictor directions (corresponding to the 33 angular
maodes of the 35 intra modes). The point where the arrows converge (101) represents the sample
being predicted. The arrows represent the direction from which the sample 1s being predicted. For
example, arrow (102} indicates that sample (101} s predicted from a sample or samples to the upper
right, at & 45 degree angle from the honizontal. Similarly, arrow {103) indicates that sample {101} is
predicted from a sample or samples to the lower feft of sample (101}, ina 22.5 degree angle from
the horizontal.

{0611} Still referring to FIG. 1A, ou the top left there 1s depicted a square block (104) of 4 x
4 samples (indicated by a dashed, boldface line). The square block (104} includes 16 samples, each
fabelled with an “S”, its position in the Y dimension {e.g., row index} and its position i the X
dimension (e.g., column index). For example, sample 821 15 the second sample in the ¥ dimension
{from the top) and the first {from the left) sample in the X dimension. Similarly, sample S44 i3 the
fourth sample in block (104} in both the Y and X dimensions. As the block 1s 4 x 4 samples in size,
S44 15 at the bottom right. Further shown are reference samples that follow a similar numbering

scheme. A reference sampie is labelled with an R, #ts Y position {e.g., row index} and X position
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{column index) relative to block (104}, In both H.264 and H.2635, prediction samples neighbor the
block under reconstruction; therefore no negative values need o be used.

{0612]  Intra picture prediction can work by copying reference sample values from the
neighboring samples as appropriated by the signaled prediction direction. For example, assume the
coded video bitstream inchudes signaling that, for this block, indicates a prediction direction
consistent with arrow (102}—that is, samples are predicted from a prediction sample or samples to
the upper right, at a 45 degree angle from the horizontal In that case, samaples 841, 832, 823, and
S14 are predicted from the same reference sample R05. Sample 544 is then predicted from
reference sample ROE.

{86613]  In certain cases, the values of multiple reference samples may be combined, for
example through inderpolation, in order to calculate a reference sample; especially when the
directions are not evenly divisible by 45 degrees.

[0614]  The number of possible directions has increased as video coding technology has
developed. In H.264 (year 2003), nine different direction could be represented. That increased to
33 in HL263 {vear 2013), and JEM/VVC/BMS, at the time of disclosure, can support up to 65
directions. Experiments have been conducted to wdentity the most likely directions, and certain
techniques in the entropy coding are used to represent those likely directions in a small number of
bits, accepting a certain penalty for less likely directions. Further, the directions themselves can
sometimes be predicted from neighboring directions used 1n neighboring, already decoded, blocks.

{0013  FIG 1B shows a schematic (180} that depicts 65 intra prediction directions according
to JEM to illustrate the increasing number of prediction directions over time.

{0016]  The mapping of tra prediction directions bits in the coded video bitstream that
represent the direction can be different from video coding technology to video coding technology;
and can range, for example, from simple direct mappings of prediction direction to mtra prediction
maode, o codewords, to complex adaptive schemes mvolving most probable modes, and similar
techniques. 1n all cases, however, there can be certain directions that are statistically less likely to
occur in video content than certain other directions. As the goal of video compression is the
reduction of redundancy, those less likely directions will, in a well working video coding
technology, be represented by a larger nuomber of bits than more likely directions.

{6617]  Motion compensation can be a lossy compression technique and can relate to
techniques where a block of sample data from a previously reconstructed picture or part thereof

{reference picture), after being spatially shifted in a direction indicated by a motion vector (MV
4



WO 2021/207023 PCT/US2021/025559

henceforth), 1s used for the prediction of a newly reconstructed picture or picture part. In some
cases, the reference picture can be the same as the picture currently under reconstruction. MVs can
have two dimensions X and Y, or threg dimensions, the third being an indication of the reference
picture in use (the latter, indirectly, can be a time dimension}.

{6018]  In some video compression technigues, an MV applicable to a certain area of sample
data can be predicted from other MVs, for example from those related to another area of sample
data spatially adjacent to the area under reconstruction, and preceding that MV in decoding order.
Doing so can substantially reduce the amount of data required for coding the MV, thereby removing
redundancy and increasing compression. MY prediction can work effectively, for example, because
when coding an input video signal derived from a camera (known as natural video) there s a
statistical hikelihood that areas larger than the area to which a single MV 15 applicable move in a
simifar direction and, therefore, can in some cases be predicted using a similar motion vector
derived from MVs of neighboring area. That results in the MV found for a given area to be similar
or the same as the MV predicted from the surrounding MVs, and that in turn can be represented,
after entropy coding, 1 8 smaller number of buts than what would be used if coding the MV
directly. In some cases, MV prediction can be an example of lossless compression of a signal
{namely: the MVs) derived from the oniginal signal (namely: the sample stream). o other cases,
MYV prediction itself can be lossy, for example because of rounding errors when calculating a
predictor from several surrounding MV,

[B819]  Various MV prediction mechamsms are described in H.265/HEVC (ITU-T Rec.
H.265, "High Efficiency Video Coding”, December 2610}, Out of the many MV prediction
mechanisms that H.265 offers, described here s a technique henceforth referred to as "spatial
merge"”.

{8028  Referning to FIG. 2, a current block (201) comprises samples that have been found
by the encoder during the motion search process to be predictable from a previous block of the same
size that has been spatially shifted. Instead of coding that MV directly, the MV can be derived from
metadata associated with one or more reference pictures, for example from the most recent (in
decoding order) reference picture, using the MV associated with either one of five surrounding
samples, denoted A0, Al, and BO, B1, B2 (202 through 206, respectively). In H 265, the MV
prediction can use predictors from the same reference picture that the neighboring block is using.

SUMMARY
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{6621]  Aspects of the disclosure provide methods and apparatuses for video
encoding/deceding. In some examples, an apparatus for video decoding includes processing
circuitry. The processing circuitry is configured to obtain a gate flag for each of at least one
constraint information group in constraint information signaled in a coded video bitstream. Each
gate flag can indicate whether a constraint information group of the at least one constraint
information group corresponding to the respective gate flag is present in the constraint information.
The constraint information can be for a subset of coding blocks in the coded video bitsiream. The
processing circuitry is configured to determine, based on the gate flag of the constraint information
group of the at least one constraint information group, whether the constraint information group of
the gate flag is present in the constraint information, the constraint information group of the gate
flag including at least one constraint flag for the subset of coding blocks. The processing circuitry
15 configured to determine prediction information for the subset of coding blocks based on whether
the constraint mformation group of the gate flag is present 1o the constraint information. The
processing cureuitry 1s configured to reconstruct the subset of coding blocks based on the prediction
information.

{0622} o an embodiment, the constraint information group of the gate flag 5 determuned to
be present 1o the constraint information. The processing circutry s configured to deternune the
prediction information for the subset of coding blocks based on the at least one constraint flag in the
constraint information group of the gate flag.

[6823]  Inan embodiment, the constraint information group of the gate flag 15 determined not
to be present in the constraint information.

{0024}  In an embodiment, each gate flag indicates that the constraint mformation group
corresponding 1o the respective gate flag is not present in the constraint mnformation, and no
consiraint flags are present m the consiramt information,

{0625}  In an embodiment, the constraint information is present in a high level syntax for at
feast one picture, and the subset of coding blocks includes coding blocks in the at least one picture.

{0626]  In an embodiment, one or more of the at least one constraint information group are
present in the coded video bitstream. A plurality of constraint fiags in the one or more of the at least
one constraint information group 13 signaled according to a predetermined order. The processing
circuitry s configured to run-decods the plurality of constraint flags, and determine the prediction

information for the subset of coding blocks based on the phlurality of constraint flags.
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{06277  In an embodiment, the at least one constraint flag in the constraint information group
of the gate flag includes a plurality of constraint flags signaled according to a predetermined order.
The processing circuitry is configured to run-decoding the plurality of constraint flags.

{0628}  In an embodiment, an offset and a length are present in the constraint information
indicating that the at least one constraint flag in the constraint information group of the gate flag is
present in the constraint information.

{6629]  In an embodiment, one or more of the at least one constraint information group are
present in the coded video bitstream. For each of the one or more of the at least one constraint
mformation group, an offset and a length are present in the constraint mformation indicating that at
least one constraint flag in the respective one of the one or more of the at least one constraint
mformation group s present in the constraint information. A number of the offsets s signaled in
the coded video biistream.

[0636]  In an embodiment, one or more of the at least one constraint information group are
present in the coded video bustream. One or roore syntax elements in the constraint information are
byte aligned. The one or more syntax elements can nclude the gate flag for each of the at least
constraint information group and a plurality of covstraint flags m the one or more of the at least one
constraint information group.

{6831} Aspects of the disclosure also provide a non-transitory computer-readable medium
storing instructions which when executed by a computer for video decoding cause the computer to
perform the methods for video decoding.

BRIEF DESCRIPTION OF THE DRAWINGS

{0032}  Further featares, the nature, and various advantages of the disclosed subject matter
wiil be more apparent from the following detaited description and the accompanying drawings in
which:

{8633] FIG. TA 18 a schematic iHlustration of an exemplary subset of inira prediction modes.

{0634  FIG. 1B 15 an illustration of exemplary intra prediction directions.

{86638]  FIG. 2 1is a schematic illustration of a current block and 1ts surrounding spatial merge
candidates in one example.

{0636}  FIG. 3 is a schematic illustration of a simplified block diagram of a communication
system (300} i accordance with an emvbodiment.

{86637]  FIG. 4 is a schematic illustration of a simplified block diagram of a communication

system (400} in accordance with an embodiment.
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{6638]  FIG. 5 is a schematic illustration of a simplified block diagram of a decoder in
accordance with an embodiment.

{06397  FIG. 6 is a schematic illustration of a simplified block diagram of an encoder in
accordance with an embodiment.

{6046]  FIG. 7 shows a block diagram of an encoder in accordance with another
embodiment.

{6641]  FIG 8 shows a block diagram of a decoder in accordance with another embodiment.

{0042}  FIG 9 shows examples for signaling adaptive resolution change (ARC) parameters
according to embodiments of the disclosure.

{0643}  FIG 10 shows examples of ARC parameters signaling according to embadiments of
the disclosure.

10044}  FIG 11 shows an example of a set of profile tile laver (PTL) syntax elements
according to an embodinent of the disclosure.

{0043}  FIG 12 shows an example of geveral constraint information according to an
embodirent of the disclosure.

[0046]  FIGs. 13A-138 show an example of a set of PTL syntax elements according to an
embodirnent of the disclosure,

[0847]  FIGs. 14A-14B show an exemplary general constraint information syntax structure
according to an embodiment of the disclosure.

[6048]  FIGs. 15A-13D show an exemplary general constraint information syntax structure
according to an embodiment of the disclosure.

[0049]  FIG. 16 shows an example of a set of PTL syntax elements in a PTL syntax structure
according to an embodiment of the disclosure.

{86306  FIG. 17 shows an example of a syntax table to indicate field coding information in a
sequence parameter set according to an embodiment of the disclosure,

{06517  FIG. 18 shows an example of a syntax table to indicate field coding information in a
video parameter set according to an embodiment of the disclosure.

{06821 FIG. 19 shows a flow chart outlining a process according to an embodiment of the
disclosure.

{B033]  FIG 20 shows examples of syntax tables according to embodiments of the

disclosure.



WO 2021/207023 PCT/US2021/025559

{0634]  FIG. 21 shows a flow chart of parsing and decoding picture order count (POC) cycle
per access unit and access unit count value according to an embodiment of the disclosure.

{0688 FIG. 22 shows an example of a prediction structure for scalability with adaptive
resolution change according to an embodiment of the disclosure.

[6036]  FIG 23 shows an example of a video bitstream strocture comprising multi-fayered
sub-pictures according to an embodiment of the disclosure.

{6687]  FIG 24 shows a schematic illustration of a display of a selected sub-picture with an
enhanced resolution according to an embodiment of the disclosure.

{6638]  FIG. 25 shows a block diagram of a decoding and a display process for a video
bitstream comprising multi-layered sub-pictures according to an embodiment of the disclosure,

[00659]  FIG. 26 shows a schematic tlustration of a 360 video display with an enhancement
layer of a sub-picture according to an embodiment of the disclosure.

[06606]  FIG. 27 shows an example of layout information of sub-pictures and corresponding
layer and picture prediction structure according to an embodiment of the disclosure.

[0661]  FIG. 28 shows an example of layout information of sub-pictures and corresponding
laver and picture prediction structure with spatial scalability modality of a local region according to
an embodument of the disclosure.

[6662]  FIGs. 29A-29B show examples of syntax tables for sub-picture layout information
according to an embodiment of the disclosure.

[6863]  FIG 30 shows an example of a syniax table of SET message for sub-pictore layout
information according to an embodiment of the disclosure.

{80647  FIG. 31 shows an example of a syntax table to mdicate output layers and PTL
information for an output layer set according to an embodiment of the disclosure.

{8063}  FIG. 32 shows an example of a syntax table to indicate an output layer mode on for
an output layer set according 10 an embodiment of the disclosure.

{0666]  FIG. 33 shows an example of a syntax table to indicate a present subpicture of each
fayer for each output layer set according to an embodiment of the disclosure.

{06677  FIG. 34 shows an example of a syntax table of a video parameter set according to an
embodiment of the disclosure.

{6068]  FIG. 35 shows an example of a syniax table to indicate an output layer set with an

output layer set mode according to an embodiment of the disclosure.
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{0669]  FIG. 36 is a schematic illustration of a computer system in accordance with an
embodiment.

DETAHED DESCRIPTION OF EMBODIMENTS

{0676}  FIG. 3 illustrates a simplified block diagram of a communication system {300}
according to an embodiment of the present disclosure. The communication system (300) mcludes a
plurality of terminal devices that can communicate with each other, via, for example, a network
{350). For example, the communication systerm {300} mcludes a first pair of terminal devices (310}
and {320} interconnected via the network (350}, In the FIG. 3 example, the first pair of terminal
devices (310} and (320) performs unidirectional transmission of data. For example, the terminal
device (310} may code video data {e.g . a stream of video pictures that are captured by the terminal
device (310)) for transmission to the other terminal device (320} via the network (350). The
encoded video data can be transmaitted in the form of one or more coded video bitstreams. The
termunal device (320) may recetve the coded video data from the network (350), decode the coded
video data to recover the video pictures and display video pictures according to the recovered video
data. Unidirectional data transmission may be cornmon 1n media serving applications and the like.

{0071} Io another example, the commurication systern (300) 1ncludes a second pair of
termunal devices {330) and {340} that performs hidirectional transmussion of coded video data that
may occur, for example, during videoconferencing. For bidirectional transmugsion of data, in an
example, each terminal device of the terminal devices {330) and (340) may code video data{e.g., a
stream of video pictures that are captured by the termunal device) for transmussion to the other
terminal device of the terminal devices (330} and (340} via the network (350). Each termuinal device
of the terminal devices {330} and (340) also may receive the coded video data transmitted by the
other termunal device of the terminal devices (330} and (340}, and may decode the coded video data
to recover the video pictures and may display video pictures at an accessible display device
according to the recovered video data.

{06721  Inthe FIG. 3 example, the terminal devices (310}, (320}, (330} and (340) may be
Hlustrated as servers, personal computers and smart phones but the principles of the present
disclosure may be not so limited. Embodiments of the present disclosure find application with
faptop computers, tablet computers, media players and/or dedicated video conferencing equipment.
The network {350) represents any number of networks that convey coded video data among the
terminal devices {(310), (320), (330} and (340}, including for example wireline {wired) and/or

wireless communication networks. The communication network {350} may exchange data in
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circuit-switched and/or packet-switched channels. Representative networks include
telecommunications networks, local area networks, wide area networks and/or the Internet. For the
purposes of the present discussion, the architecture and topology of the network (350} may be
immaterial to the operation of the present disclosure unless explained herein below.

{6073}  FIG. 4 tllustrates, as an example for an application for the disclosed subject matter,
the placement of a video encoder and a video decoder in a streaming environment. The disclosed
subject matter can be equally applicable to other video enabled applications, inchuding, for example,

video conferencing

g, digital TV, storing of compressed video on digital media including CD, DVD,
memory stick and the like, and so on.

{0674} A streaming system may include a capture subsystem (413}, that can include a video
source {401}, for example a digital camera, creating for example a stream of video pictures (402}
that are uncompressed. In an example, the stream of video pictures (402) includes samples that are
taken by the digital camera. The stream of video pictures (402), depicted as a bold line to
erophasize a high data volume when compared to encoded video data (404) {or coded video
bitstreams), can be processed by an electronic device {420) that includes a video encoder {403)
coupled to the video source {401). The video encoder (403} can mmclude hardware, software, or a
combination thereof to enable or implement aspects of the disclosed subject matter as described 1n
more detail below. The encoded video data (404} (or encoded video bitstream (404)), depicted as a
thin line to emphasize the lower data volume when compared to the stream of video pictures (402},
can be stored on a streaming server (405) for future use. Une or more streaming client subsystems,
such as client subsystems {406} and {408} 1n FIG. 4 can access the streaming server {403) to retrieve
copies {407} and {409) of the encoded video data (404}, A client subsystem {406} can include a
video decoder (410}, for example, in an electronic device {430). The video decoder (410} decodes
the incoming copy (407} of the encoded video data and creates an outgoing stream of video piciures
{411} that can be rendered on a display (412} (e.g., display screen} or other rendering device {not
depicted}. In some streaming systems, the encoded video data (404), (407), and {409} {e.g., video
biistreams) can be encoded according to certain video coding/compression standards. Examples of
those standards include ITU-T Recommendation H.265. in an example, a video coding standard
under development is informally known as Versatile Video Coding (VVC). The disclosed subject

matter may be used in the context of VV(.
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{06751 It is noted that the electronic devices (420) and {(430) can include other components
{not shown}. For example, the electronic device (420} can include a video decoder (not shown} and
the electronic device (430} can include a video encoder (not shown) as well.

{0676}  FIG. 5 shows a block diagram of a video decoder (510} according to an embodiment
of the present disclosure. The video decoder (510} can be included in an electronic device (530},
The electronic device (530} can include a recetver (531} (e g, receiving circuitry).  The video
decoder (510} can be used in the place of the video decoder (410) in the FIG. 4 example.

188777 The recever (831) may recetve one or more coded video sequences to be decoded by
the video decoder (510); in the same or another embodiment, one coded video sequence at a time,
where the decoding of each coded video sequence 15 independent from other coded video sequences.
The coded video sequence may be received from a channel (S01), which may be a
hardware/software link to a storage device which stores the encoded video data. The recetver (531)
may receive the encoded video data with other data, for example, coded audio data and/or ancillary
data streams, that may be forwarded to their respective using entities {not depicted). The receiver
{531) may separate the coded video sequence trom the other data. To combat network jitter, a
buffer memory (515) may be coupled 10 between the receiver (531) and an entropy decoder / parser
{520) ("parser (320)" henceforth). In certain applications, the buffer memory (515) 1s part of the
video decoder (510). In others, it can be outside of the video decoder (510} {not depicted). Tn st
others, there can be a buffer memory (not depicted) outside of the video decoder (510}, for example
to combat network jitter, and m addition ancther buffer memory {515} inside the video decoder
{510}, for example to handle playout timing. When the receiver (531} 1s recerving data from a
store/forward device of sufficient bandwidth and controllability, or from an isosynchronous
network, the buffer memory (5153 may not be needed, or can be small. For use on best effort packet
networks such as the Internet, the buffer memory (515) may be required, can be comparatively large
and can be advantageously of adaptive size, and may at least partially be implemented 1n an
operating system or similar elements {not depicted} cutside of the video decoder (510).

{6678}  The video decoder (510} may include the parser {520) to reconstruct symbols (521)
from the coded video sequence. Categories of those symbols include information used to manage
operation of the video decoder {510}, and potentially mnformation to control a rendering device such
as a render device (512} {e.g., a display screen) that is not an integral part of the glectronic device
{530} but can be coupled to the electronic device (530}, as was shown in FIG. 5. The control

mformation for the rendering device(s} may be in the form of Supplemental Enhancement
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Information (SEI messages) or Video Usability Information (VUI} parameter set fragments {not
depicted). The parser {520) may parse / entropy-decode the coded video sequence that is received.
The coding of the coded video sequence can be 1n accordance with a video coding technology or
standard, and can follow various principles, including variable length coding, Huffman coding,
arithmetic coding with or without context sensitivity, and so forth. The parser (520} may extract
from the coded video sequence, a set of subgroup parameters for at least one of the subgroups of
pixels in the video decoder, based upon at least one parameter corresponding to the group.
Subgroups can mclude Groups of Pictures {GOPs), pictures, tiles, slices, macroblocks, Coding Units
{CUs), blocks, Transform Units (TUs), Prediction Units {PUs) and so forth. The parser (520) may
also extract from the coded video sequence information such as transform coefficients, quantizer
parameter values, motion vectors, and so forth,

{86679]  The parser (520} may perform an entropy decoding / parsing operation on the video
sequence recetved from the buffer memory (515}, so as to create symbols (521}

[0080]  Reconstruction of the syrobols (5321) can involve multiple different units depending
on the type of the coded video picture or parts thereof (such as: inter and ntra picture, inter and
intra block), and other factors. Which units are wvolved, and how, can be controlled by the
subgroup countrol information that was parsed from the coded video sequence by the parser (520},
The flow of such subgroup control information between the parser {520) and the multiple units
below s not depicted for clarity.

{00817  Beyond the functional blocks already mentioned, the video decoder (510) can be
conceptually subdivided into a number of functional units as described below. In a practical
smplementation operating under commercial constraints, many of these units interact closely with
sach other and can, at least partly, be mtegrated mto each other. However, for the purpose of
describing the disclosed subject maiter, the conceptual subdivision mto the functional units below is
appropriate.

{06827 A first unit is the scaler / inverse transform umit {551}, The scaler / inverse transform
unit (3513 receives a quantized transform coefficient as well as control information, mncluding which
transform to use, block size, quantization factor, quantization scaling matrices, etc. as symbol(s}
{521) from the parser {520). The scaler / inverse transform unit (551} can output blocks comprising
sample values, that can be input into aggregator {555},

{0683}  In some cases, the output samples of the scaler / inverse transform (551} can pertain

to an inira coded block; that is: a block that is not using predictive information from previously
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reconstructed pictures, but can use predictive information from previously reconstructed parts of the
curent picture. Such predictive information can be provided by an intra picture prediction unit
{552). In some cases, the intra picture prediction unit {552} generates a block of the same size and
shape of the block under reconstruction, using surrounding already reconstructed information
fetched from the current picture buffer (558}, The current picture buffer (558} buffers, for example,
partly reconstructed current picture and/or fully reconstructed current picture. The agpregator
{555}, in some cases, adds, on a per sample basis, the prediction mformation the intra prediction unit
{552) has generated to the ouiput sample information as provided by the scaler / inverse transform
unit (351).

{0084}  In other cases, the outpui samples of the scaler / inverse transform unit (851} can
pertain to an inter coded, and potentially motion compensated block. In such a case, a motion
compensation prediction unit (353) can access reference picture memory (357) to fetch samples
used for prediction. After motion compensating the fetched saroples in accordance with the
symbols {521} pertaining to the block, these samples can be added by the aggregator (555} to the
output of the scaler / inverse transform unit (351} (in this case called the residual samples or residual
signal) so as to generate output sample mformation. The addresses within the reference picture
memory {337) from where the motion compensation prediction unut (553} fetches prediction
samples can be controlied by motion vectors, available to the motion compensation prediction unit
{553) in the form of syrobols (521) that can bave, for example X, Y, and reference picture
components. Motion compensation also can include interpolation of sample values as fetched from
the reference picture memory (557} when sub-sample exact motion vectors are n use, motion vector
prediction mechanisms, and so forth,

{0685}  The output samples of the aggregator (555) can be subject to various loop filiering
techniques tn the loop filter unit (556). Video compression technologies can include in-loop filter
technologies that are controlled by parameters included in the coded video sequence (also referred
to as coded video bitstream) and made available to the loop filter unit (556} as symbols (521} from
the parser {520}, but can also be responsive to meta-information obtaied during the decoding of
previous {in decoding order} parts of the coded picture or coded video sequence, as well as
responsive to previously reconstructed and loop-filtered sample values.

{G086] The output of the loop filter unit (556} can be a sample stream that can be output to
the render device {512} as well as stored in the reference picture memory {557} for use in future

inter-picture prediction.
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{66877  Certain coded pictures, once fully reconstructed, can be used as reference pictures for
future prediction. For example, once a coded picture corresponding to a current picture is fully
reconstructed and the coded picture has been identified as a reference picture (by, for example, the
parser {520}), the current picture buffer {558} can become a part of the reference picture memory
{557), and a fresh cusrent picture buffer can be reallocated before commencing the reconstruction of
the following coded picture.

{6088] The video decoder {510} may perform decoding operations according to a
predetermined video compression technology in a standard, such as ITU-T Rec. H.265. The coded
video sequence may conform to a syntax specified by the video compression technology or standard
being used, in the sense that the coded video sequence adheres to both the syntax of the video
compression technology or standard and the profiles as documented in the video compression
technology or standard. Specifically, a profile can select certain tools as the only tools available for
use under that profile from all the tools available in the video compression technology or standard.
Also necessary for compliance can be that the complexity of the coded video sequence s within
bounds as defined by the level of the video compression technology or standard. In some cases,
levels restrict the maximum picture size, maximum frame rate, maximum reconstruction sample rate
{measured m, for example megasamples per second), maximum reference picture size, and s0 on.
Limits set by levels can, in some cases, be further restricted through Hypothetical Reference
Decoder (HRD) specifications and metadata for HRD buffer management signaled i the coded
video sequence.

{608%]  In an embodiment, the recetver {531} may receive additional {redundant) data with
the encoded video. The additional data may be included as part of the coded video sequence(s).
The additional data may be used by the video decoder {5310} to properly decode the data and/or to
more accurately reconstruct the original video data. Addiiional data can be n the form of, for
example, temporal, spatial, or signal noise ratio {SNR) enhancerment layers, redundant slices,
redundant pictures, forward error correction codes, and so on.

{0690}  FIG. 6 shows a block diagram of a video encoder (603} according to an embodiment
of the present disclosure. The video encoder (603} is included in an electronic device (620). The
electronic device (620) includes a transmiiter (640} {e.g., transmitting circuttry}.  The video
encoder (603} can be used in the place of the video encoder {403) in the FIG. 4 exampie.

16691}  The video encoder (603} may receive video samples from a video source (601} (that

is not part of the electronic device {620} in the FIG. 6 example) that may capture video image(s} to
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be coded by the video encoder (603}, In another example, the video source (601} is a part of the
electronic device {620},

{06927  The video source (601} may provide the source video sequence to be coded by the
video encoder (603} in the form of a digital video sample stream that can be of any suitable bit
depth {for example: 8 bit, 10 bat, 12 bat, ..}, any colorspace (for example, BT.601 Y CrCB, RGB,
...}, and any suitable sampling structure (for example Y Cr(Cb 4:2:0, Y CrCh 4:4:4). Ina media
serving system, the video source (601} may be a storage device storing previously prepared video.
In a videoconferencing system, the video source {601} may be a camera that captures local image
information as a video sequence. Video data may be provided as a plurality of individual pictures
that impart motion when viewed in sequence. The pictures themselves may be organized as a
spatial array of pixels, wherein each pixel can comprise one or more samples depending on the
sampling structure, color space, etc. in use. A person skilled in the art can readily understand the
relationship between pixels and samples. The description below focuses on samples.

[00%3]  According to an embodiment, the video encoder (603) may code and compress the
pictures of the source video sequence into a coded video sequence (643) 1n real time or under any
other time constraints as required by the application. Enforcing appropriate coding speed 15 one
function of a controiler (650}, In some embodiments, the controller (650} controls other functional
units as described below and s functionally coupled to the other functional units. The coupling 18
not depicted for clarity. Parameters set by the controller {650) can include rate control related
parameters (picture skip, quantizer, lambda value of rate-distortion optimization techniques, ...},
picture size, group of pictures {GOP} layout, maximum motion vector search range, and so forth,
The controller {650) can be configured to have other sintable functions that pertain to the video
encoder {603) optimized for a certain system design.

[00%4]  In some embodiments, the video encoder (603} is configured to operate in a coding
foop.  As an oversimplified description, in an example, the coding loop can include a source coder
{630) (e.g., responsible for creating symbols, such as a symbol stream, based on an mput picture to
be coded, and a reference picture(s}), and a (local} decoder (633) embedded in the video encoder
{603). The decoder (633) reconstructs the symbols 1o create the sample data in a similar manner as
a (remote) decoder also would create {as any compression between symbols and coded video
bitstream 18 lossless in the video compression technologies considered in the disclosed subject
matter). The reconstructed sample stream (sample data) is input to the reference picture memory

{034). As the decoding of a symbol stream leads to bit-exact results independent of decoder
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tocation {local or remote), the content in the reference picture memory (634} 1s also bit exact
between the local encoder and remote encoder. In other words, the prediction part of an encoder
"sees" as reference picture samples exactly the same sample values as a decoder would "see” when
using prediction during decoding. This fundamenial principle of reference picture synchronicity
{and resulting drift, if synchronicity cannot be maintammed, for example because of channel errors) is
used in some related arts as well.

{6095] The operation of the "local” decoder (633) can be the same as of a "remote” decoder,
such as the video decoder {510}, which has already been described in detail above in conjunction
with FIG. S, Briefly referring also to FIG. 3, however, as symbols are available and
encoding/decoding of symbols to a coded video sequence by an entropy coder (645) and the parser
{520) can be lossless, the entropy decoding parts of the video decoder (510), including the buffer
memory {515}, and parser {520} may not be fully implemented in the local decoder (633).

[8696]  An observation that can be made at this point 1s that any decoder technology except
the parsing/entropy decoding that is present in a decoder also necessarily needs to be present, in
substantially identical functional form, i a corresponding encoder. For this reason, the disclosed
subject matter focuses on decoder operation. The description of encoder technologies can be
abbreviated as they are the imverse of the comprehensively described decoder technologies. Only in
certain areas a more detail description 18 required and provided below.

{06977  During operation, in some exaroples, the source coder (630) may perform motion
compensated predictive coding, which codes an input picture predictively with reference to one or
more previously coded picture from the video sequence that were designated as "reference
pictures.” In this manner, the coding engine (632} codes differences between pixel blocks of an
mput picture and pixel blocks of reference picture(s) that may be selected as prediction referencef(s)
to the input picture.

{0698}  The local video decoder {633) may decode coded video data of pictures that may be
designated as reference pictures, based on symbols created by the source coder (630}, Operations of
the coding engine {632) may advantageously be lossy processes. When the coded video data may
be decoded at a video decoder {not shown in FI(. 6}, the reconstructed video sequence typically
may be a replica of the source video sequence with some errors. The local video decoder {633)
replicates decoding processes that may be performed by the video decoder on reference pictures and
may cause reconstructed reference pictures to be stored in the reference picture cache (634}, In this

manner, the video encoder (603) may store copies of reconstructed reference pictures locally that
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have common content as the reconstructed reference pictures that will be obtained by a far-end
video decoder (absent transmission errors).

{06997  The predictor (635) may perform prediction searches for the coding engine (632},
That i3, for a new picture to be coded, the predictor {635} may search the reference picture memory
{634) for sample data (as candidate reference pixel blocks} or certain metadata such as reference
picture motion vectors, block shapes, and so on, that may serve as an appropriate prediction
reference for the new pictures. The predictor (635} may operate on a sample block-by-pixel block
basis to find appropriate prediction references. In some cases, as determined by search resulis
obtained by the predicior {633), an mput picture may have prediction references drawn from
multiple reference pictures stored in the reference picture memory (634).

{6366} The controller (630} may manage coding operations of the source coder (630},
mcluding, for example, setting of parameters and subgroup parameters used for encoding the video
data.

{0161} Output of all aforementioned functional units may be subjected to entropy coding n
the entropy coder {645). The entropy coder (645) translates the symbols as generated by the various
functional units into a coded video sequence, by lossless compressing the symbols according to
technologies such as Huffman coding, variable length coding, arithmetic coding, and so forth,

[6162] The transnutter (640) may buffer the coded video sequence(s) as created by the
entropy coder {645} to prepare for transmission via a communication channel {660), which may be a
hardware/software link to a storage device which would store the encoded video data. The
transmitter (640} may merge coded video data from the video coder (603} with other data to be
transmitted, for example, coded audio data and/or ancillary data streams {sources not shown}.

{0163]  The controller {650) may manage operation of the vides encoder {603). During
coding, the controller (650} may assign to each coded picture a certain coded picture type, which
may affect the coding techniques that may be applied to the respective picture. For example,
pictures often may be assigned as one of the following picture types:

{0164}  An Intra Picture (I picture) may be one that may be coded and decoded without using
any other picture in the sequence as a source of prediction. Some video codecs allow for different
types of mira pictures, including, for example Independent Decoder Refresh (“IDR”) Pictures. A
person skilled m the art 1s aware of those variants of | pictures and their respective applications and

features.



WO 2021/207023 PCT/US2021/025559

{01G5] A predictive picture (P picture} may be one that may be coded and decoded using
intra prediction or inter prediction using at most one motion vector and reference index to predict
the sample values of each block.

{0166} A bi-directionally predictive picture (B Picture} may be one that may be coded and
decoded using intra prediction or inter prediction using at most two motion vectors and reference
indices to predict the sample values of each block. Simiarly, multiple-predictive pictures can use
more than two reference pictures and associated metadata for the reconstruction of a single block.

[8167]  Source pictures commonly may be subdivided spatially into a plurality of sample
blocks {for example, blocks of 4x4, §x8, 4x8, or 16x16 samples each) and coded on a block-by-
block basis. Blocks may be coded predictively with reference to other (already coded) blocks as
determined by the coding assignment applied to the blocks' respective pictures. For example,
biocks of I pictures may be coded non-predictively or they may be coded predictively with reference
to already coded blocks of the same picture (spatial prediction or 1ntra prediction). Pixel blocks of P
pictures may be coded predictively, via spatial prediction or via temporal prediction with reference
to one previously coded reference picture. Blocks of B pictures may be coded predictively, via
spatial prediction or via temporal prediction with reference to one or two previously coded reference
pictures.

[6108§] The video encoder {603} may perform coding operations according to a
predetermuned video coding technology or standard, such as ITU-T Rec. H 265, In i3 operation, the
video encoder {603} may perform various compression operations, including predictive coding
operations that exploi temporal and spatial redundancies 1n the input video sequence. The coded
video data, therefore, may conform to a syntax specified by the vides coding technology or standard
being used.

[8169]  In an embodiment, the transmitter (640} may transmit additional data with the
encoded video. The source coder (630} may nchude such data as part of the coded video sequence.
Additional data may comprise temporal/spatial/SNR enhancement lavers, other forms of redundant
data such as redundant pictures and slices, SEI messages, VUI parameter set fragments, and so on.

{0116 A video may be captured as a plurality of source pictures (video pictures) ina
temporal sequence. Intra-picture prediction (often abbreviated to intra prediction) makes use of
spatial correlation in a given picture, and mter-picture prediction makes uses of the {temporal or
other} correlation between the pictures. In an example, a specific picture under encoding/decoding,

which is referred to as a current picture, is partitioned into blocks. When a block in the current
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picture 1s simifar to a reference block in a previously coded and still bufferad reference picture in
the video, the block in the current picture can be coded by a vector that is referred to as a motion
vector. The motion vector points to the reference block in the reference picture, and can have a
third dimension identifying the reference pictare, 1n case multiple reference pictures are in use.

{6111]  In some embodiments, a bi-prediction technique can be used in the inter-picture
prediction. According to the bi-prediction technique, two reference pictures, such as a first
reference picture and a second reference picture that are both prior in decoding order to the current
picture in the video (but may be in the past and future, respectively, in display order) are used. A
block in the current picture can be coded by a first motion vector that points to a first reference
block in the first reference picture, and a second motion vector that points to a second reference
block in the second reference picture. The block can be predicted by a combination of the first
reference block and the second reference block.

{0112}  Further, a merge mode technique can be used in the inter~-picture prediction to
improve coding efficiency.

[0113]  According to some embodiments of the disclosure, predictions, such as mter-picture
predictions and intra-picture predictions are perforroed o the unit of blocks. For example,
according to the HEVC standard, a picture in a sequence of video pictures 13 partitioned into coding
tree units {CTU) for compression, the CTUs 1n a picture have the same size, such as 64x64 pixels,
32x32 pixels, or 16x16 pixels. In general, a CTU includes three coding tree blocks {TTBs), which
are one luma CTB and two chroma CTBs. Each CTU can be recursively quadtree split into one or
multiple coding units (CUs). For example, a CTU of 64x64 pixels can be split into one CU of
64x64 pixels, or 4 CUs of 32x32 pixels, or 16 CUs of 16x16 pixels. In an example, each CU s
analyzed to determine a prediction type for the CU, such as an inter prediction type or an intra
prediction type. The CU 13 split into one or more prediction units {PUs) depending on the temporal
and/or spatial predictability. Generally, each PU includes a luma prediction block (PB), and two
chroma PBs. In an embodiment, a prediction operation in coding {encoding/decoding) is performed
in the unit of a prediction block. Using a luma prediction block as an example of a prediction block,
the prediction block includes a matrix of values {e.g., luma values) for pixels, such as 8x8 pixels,
16x16 pixels, 8x16 pixels, 16x8 pixels, and the like.

[6114]  FIG 7 shows a diagram of a video encoder (703} according to another embodiment
of the disclosure. The video encoder {703) 1s configured to receive a processing block {eg., a

prediction block} of sample values within a current video picture in a sequence of video pictures,
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and encode the processing block into a coded picture that is part of a coded video sequence. Inan
example, the video encoder (703) is used in the place of the video encoder (403} in the FIG. 4
example.

{81158}  Inan HEVC example, the video encoder {703} receives a matrix of sample values for
a processing block, such as a prediction block of 8x8 samples, and the like. The video encoder
{703} determines whether the processing block is best coded using mira mode, inter mode, or bi-
prediciion mode using, for example, rate-distortion optimization. When the processing block is to
be coded i intra mode, the video encoder (703) may use an inira prediction technique to encode the
processing block info the coded picture; and when the processing block is to be coded in inter mode
or bi-prediction mode, the video encoder {703} may use an inter prediction or bi-prediction
technique, respectively, to encode the processing block into the coded picture. In certain video
coding technologies, merge mode can be an inter picture prediction submode where the motion
vector 15 derived from one or more rotion vector predictors without the benefit of a coded motion
vector component outside the predictors. In certain other video coding technologies, a motion
vector component applicable to the subject block may be present. In an example, the video encoder
{703} 1acludes other components, such as a mode decision module (not shown) to determune the
mode of the processing blocks.

[6116]  Inthe FIG. 7 example, the video encoder (703} includes the inter encoder (730), an
intra encoder {722}, a residue calculator (723}, a switch (726}, a residue encoder {724}, a general
controller {721}, and an entropy encoder (725} coupled together as shown in FIG. 7.

{01177  The mter encoder (730) 15 configured to receive the samples of the current block
{e.g., a processing block), compare the block to one or more reference blocks in reference pictures
{e.g., blocks 1 previous pictures and later pictures), generate inter prediction information {e.g.,
description of redundant mformation according to inter encoding techmque, motion veciors, merge
mode information), and calculate inter prediction resuits {e.g., predicied block) based on the inter
prediction information using any suitable technigue. In some examples, the reference pictures are
decoded reference pictures that are decoded based on the encoded video information.

{0118}  The intra encoder (722} 1s configured to receive the samples of the current block
{e.g., a processing block}, in some cases compare the block to blocks already coded in the same
picture, generate quantized coefficients after transform, and in some cases also intra prediction

information {e.g., an intra prediction direction information according to one or more intra encoding
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techniques). In an example, the intra encoder (722} also calculates intra prediction results {e.g.,
predicted block) based on the intra prediction information and reference blocks in the same picture.
{0119]  The general controller {721} is configured to determine general control data and

control other components of the video encoder (703) based on the general conirol data. Inan
example, the general controller {721) determines the mode of the block, and provides a controf
signal to the switch (726) based on the mode. For example, when the mode is the intra mode, the
general controlier (721} controls the switch (726} to select the intra mode result for use by the
residue calculator (723), and controls the entropy encoder (725) to select the intra prediction
information and include the intra prediction information in the bitstream; and when the mode is the
inter mode, the general controller (721) controls the switch {726) to select the inter prediction result
for use by the residue calculator (723), and controls the entropy encoder {725) to select the inter
prediction information and include the inter prediction information in the bitstream.

[01206]  The residue caleulator (723) s configured to caleulate a difference {residue data)
between the received block and prediction results selected from the intra encoder (722) or the 1nter
encoder {730}, The residue encoder (724} 1s configured o operate based on the residue data to
encode the residue data to gevnerate the fransform coefficients. Inan example, the residue encoder
{7245 15 configured to convert the residue data from a spatial domain to a frequency domain, and
generate the transform coefficients. The transform coefficients are then subject to quantization
processing to obtain quantized transform coefficients.  In various embodiments, the video encoder
{703} also includes a residue decoder {728}, The residue decoder (728) 18 configured to perform
mverse-transform, and generate the decoded residue data. The decoded residue data can be suitably
used by the intra encoder (722) and the inter encoder {730}, For example, the inter encoder (730}
can generate decoded blocks based on the decoded residue data and mnter prediction mformation,
and the intra encoder (722} can generate decoded blocks based on the decoded residue data and the
mira prediction information. The decoded blocks are suitably processed to generate decoded
pictures and the decoded pictures can be buffered in a memory circuit {not shown) and used as
reference pictures in some examples.

{01217 The entropy encoder {725) s configured to format the bitstream to include the
encoded block. The entropy encoder {7235} is configured to include various information according
to a suitable standard, such as the HEV standard. In an example, the entropy encoder {725} is
configured to inchude the general control data, the selected prediction information {e.g., inira

prediction information or inter prediction information), the residue information, and other suitable
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information in the bitsiream. Note that, according to the disclosed subject matter, when coding a
biock in the merge submode of either inter mode or bi-prediction mode, there 13 no residue
information.

{0122}  FIG. 8 shows a diagram of a video decoder (810) according to ancther embodiment
of the disclosure. The video decoder (810) is configured to receive coded pictures that are part of a
coded video sequence, and decode the coded pictures to generate reconstructed pictures. Inan
example, the video decoder (810} 1s used in the place of the video decoder {410} in the FIG. 4
example.

{01231 Inthe FIG. § example, the video decoder (810) includes an eniropy decoder (871}, an
mter decoder (880), a restdue decoder (873}, a reconstruction module (874), and an intra decoder
{872) coupled together as shown in FIG. 8.

18124}  The entropy decoder (871) can be configured to reconstruct, from the coded picture,
certan symbols that represent the syntax elements of which the coded picture 1s made up.  Such
symbols can include, for example, the mode in which a block is coded (such as, for example, intra
mode, inter mode, bi-predicted mode, the latter two in merge submode or another submode},
prediction information {such as, for example, intra prediction information or inter prediction
information) that can Wentify certain sample or metadata that s used for prediction by the 1ntra
decoder {872} or the inter decoder (880}, respectively, residual information in the form of, for
example, quantized transform coefficients, and the ke In an example, when the prediction mode 13
mter or bi-predicted mode, the inter prediction information is provided to the inter decoder {880);
and when the prediction type is the intra prediction type, the intra prediction nformation s provided
to the intra decoder (872). The residual information ean be subject to inverse guantization and is
provided to the residue decoder {873}

{01258}  The mter decoder (880} 1s configured to receive the inter prediction imformation, and
generate inter prediction resulls based on the inter prediction information.

{8126]  The intra decoder (872) 1s configured to receive the intra prediction information, and
generate prediction results based on the intra prediction information.

{6827 The residue decoder {873} s configured to perform inverse quantization to extract
de-quantized transform coefficients, and process the de-quantized transform coefficients to convert
the residual from the frequency domain to the spatial domain. The residue decoder (873} may also

require certain control information {to include the Quantizer Parameter (QF)), and that information
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may be provided by the entropy decoder (871) (data path not depicted as this may be low volume
control information only).

{0128}  The reconstruction module (874} i3 configured to combine, in the spatial domain, the
residual as output by the residue decoder (873} and the prediction results (as ocutput by the mter or
intra prediction modules as the case may be) to form a reconstructed block, that may be part of the
reconstructed picture, which m turn may be part of the reconstructed video. It is noted that other
suttable operations, such as a deblocking operation and the like, can be performed to improve the
visual quality.

{03291 It 15 noted that the video encoders (403), {603), and (703}, and the video decoders
{410}, (510), and {810} can be implemented using any suitable technique. In an embodiment, the
video encoders (403}, (603}, and (703), and the video decoders (410}, (510}, and (810) can be
implemented using one or more integrated circuits. 1n another embodiment, the video encoders
{403), (603), and {603), and the video decoders (410}, (510), and (810) can be implemented using
one or more processors that execute software instructions,

[01306]  Aspects of the disclosure mclude control of coding tool(s) and functionalities with
constraint flags i a coded video stream.

{01311 Video encoders and decoders can operate on a given picture s1ze that 15 defined and
remans coustant for a coded video sequence (CVS), Group of Pictures (GOP), or a sumilar mulit-
picture timeframe. In an example, such as in MPEG-2, system designs are known to change a
horizontal resolution {and thus a picture size} dependent on factors such as activity of a scene, but
only at [ pictures, hence typically for a GOP. Resampling of reference pictares for use of different
resolutions within a CVS 18 known, for example, from ITU-T Rec. H.263 Annex P. However, the
picture size does not change, only the reference pictures are resampled, resulting potentially m only
parts of a picture canvas being used (e.g., m down-sampling), or only parts of a scene being
captured {e.g., 1 up-sampling). In some examples, such as in H.263 Annex Q resampling of an
individual macroblock by a factor of two in each dimension {e.g., upward or downward} is allowed.
The picture size can remain the same. A size of a macroblock can be fixed, for example, in H.263,
and thus does not need to be signaled.

{0132} A picture size in predicted pictures can be changed. In an example, such as VP9,
reference picture resampling and changing of a resclution for 3 whole picture are allowed. In an
example, (including, for example, Hendry, et. al, "On adaptive resolution change (ARC) for VYV,

Joint Video Team document JVET- MOI35-vi Jan 9-19, 2019, incorporated herein in its entirety}
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resampling of a whole reference picture to a different resolution {e.g., a higher resolution or a lower
resolution} is allowed. Different candidate resolutions can be coded in a sequence parameter set
{SPS) and can be referred to by per-picture syntax elements in a picture parameter set (PPS).

{0133}  Techniques for signaling of an adaptive picture size in a video bitstream are
disclosed in the disclosure.

{8134]  When pictures are encoded into a bitstream that includes one or more layers with
different qualities, the bitstream can have syntax elements that specify which layer(s) {or a set of
layers) can be output at a decoder side. The set of layers to be output can be defined as an cutput
fayer set. In an exemplary video codec that supports multiple layers and scalabilities, one or more
output layer sets can be signaled in a video parameter set (VPS). Syntax elements specifying profile
tier level {(PTL) for the entire bitstream or one or more cutput layer sets can be signaled ina VPS, a
DPS that is identical to Decoder Capability Information (DCT), a SPS, a PPS, a SEf message, or the
tike. Inthe PTL information, general constratut information that can specify constraints on coding
tools or functionalities can be present. Tt is desirable to efficiently represent and signal constraint
information for various coding tools and functionalities.

{0133} A sub-picture can refer to, for example, a rectangular arrangement of samples,
blocks, macroblocks, coding units, or sinular entities that is semantically grouped and may be
independently coded in changed resolution. One or more sub-pictures can form a picture. One or
more coded sub-pictures can form a coded picture. One or more sub-pictures can be assembled mio
a picture, and one or more sub pictures can be extracted from a picture. In some examples, one or
more coded sub-pictures can be assembled in a compressed domain without transcoding 1o a sample
fevel into a coded picture. In some examples, one or more coded sub-pictures can be extracted from
a coded picture in the compressed domam.

[8136]  Adaptive Resolution Change (ARC) can refer to mechanisms that allow a change of
a resolution of a picture or a sub-picture in a CVS by, for example, reference picture resampling,
ARC parameters can refer to conirol information used to perform adaptive resolution change. The
AR parameters can include filter parameters, scaling factors, resolutions of an output and/or a
reference picture, various control flags, and/or the like.

{86137]  The above description can be applied to coding and decoding a single and
semantically independent coded video picture. Before describing coding/decoding of multiple sub-
pictures with independent ARC parameters and its implied additional complexity, signaling ARC

parameters is described.
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{0138]  FIG. 9 shows examples {e.g., options) for signaling ARC parameters according to
embodiments of the disclosure. Coding efficiency, complexity, and architecture can vary among the
examples. A video coding standard or technology may choose one or more of the examples, or
other variations, for signaling ARC parameters. The examples may not be mutually exclusive, and
may be interchanged based on application needs, standards technologies, choice of an encoder,
and/or the like.

{6139] Classes of ARC parameters may include:

e Upsample and/or downsample factors, separate or combined in an X dimension and a
Y dimension where one or more short syntax elements that can point to a table
including the upsample and/or downsarple factors can be coded;

¢ Upsample and/or downsarople factors, with an addition of a temporal dimension,
mdicating a constant speed zoom in and/or out for a given number of pictures where
one or more short syntax elements that can pomt to a fable mcluding the apsample
and/or downsample factors with the addition of the temporal dimension can be
coded,

s A resolution, in the X dimension or the Y dimension, m units of samples, blocks,
macroblocks, CUs, or any other suitable granularity, of an input picture, an output
picture, a reference picture, a coded picture, combined or separately. If there are
more than one resolution {e.g., one resolution for the input picture, another resolution
for the reference picture}, a set of values can be inferred from another set of values,
which can be gated, for example, by the use of flags, as described below;

¢  Warping coordinates that are similar to that used in the H 263 Annex P, in a suitable
granularity as described above. The H.263 Annex P defines an efficient way to code
the warping coordinates. Other efficient ways can be devised. For example, the
variable length reversible, Huffman-style coding of warping coordinates of Annex P
can be replaced by a suitable length binary coding where the length of the binary
code word can be derved from a maximum picture size that is multiplied by a factor
and offset by a value to allow for warping outside of boundaries of the maximum
picture si7¢;

+  Upsample and/or downsample filter parameters. In an example, there is only a single

filter for upsampling and/or downsampling. In an example, 1t is advantageous to
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allow more flexibility in a filter design. In an example, the filter parameters are
signaled. The filter parameters can be selected by using an index in a list of possible
filter designs. The filter may be fully specified (e.g., by specifyving a list of filter
coefficients, using suitable entropy coding technigques), the filter may be implicitly
selected through upsample or downsample ratios which are signaled according to any
of the mechanisms described above, and/or the like.

{6140] The description can be applicable to coding of a finite set of upsample or
downsample factors {the same factor to be used in both the X dimension and the Y dimension)},
indicated through a codeword. The codeword can advantageously be variable length coded, for
example, using an Ext-Golomb code for certain syntax elements in video coding specifications {e.g.,
H.264 and H.265). A suitable mapping of values to upsample or downsample factors can, for
example, be based on Table 1.

Table 1. Mapping upsample or downsample factors, codewords, and Ext-Golomb codes

Codeword Ext-Golomb | Orniginal/Target resolution
Code
0 1 11
1 010 1/1.5 {upscale by 50%)
2 011 1.5/1 {downscale by 50%)
3 00100 1/2 {upscale by 100%;)
4 00101 2/1 {downscale by 100%)

{0141}  Swnular mappings can be devised according to an application and capabilities of
upscale and downscale mechanisms available in a video compression technology or standard. Table
1 can be suitably extended to additional values. Values may be represented by entropy coding
mechanisms other than the Ext-Golomb code, for example, by using a binary coding. Inan
example, entropy coding mechanisms other than the Ext-Golomb code may have certan advaniages
when the resampling factors are of interest ouiside the video processing engines {(e.g., an encoder
and a decoder), for example, by media-aware network elements (MANEs). When no resolation
change 1s required {e.g, the original/target resolution being 1 in Table 1}, a short Ext-Golomb code
{e.g., only a single bit shown in Table 1} can be chosen, which can have a coding efficiency
advantage, for example, over using bmary codes for the most common case.

{0142} A number of entries in Table 1, and corresponding semantics can be fully or partially
configurable. For example, a basic outline of Table 1 is conveved in a high level parameter set,
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such as an 8PS or a DPS. Alternatively or in addition, one or more tables similar to Table 1 may be
defined in a video coding technology or standard, and may be selecied through, for example, an SPS
or a DPS.

{0143}  How an upsample or downsample factor (ARC mformation) coded as described
above, may be included in a video coding technology or standard syntax is described above.

Sinmuilar considerations may apply to one or a few codewords controlling the upsample or
downsample filters. When a comparatively large amount of data 1s required for a filter or other data
structures, the description is below.

{0344}  Referring to FIG. 9, in an example, such as in H.263 Annex P, ARC information
{902} in a form of four warping coordinates 1s included in a picture header (901), specifically inan
H.263 PLUSPTYPE (903) header extension. The picture header (901) including the ARC
mformation {902} and the H.263 PLUSPTYPE (903) header extension can be applied when 1} a
picture header 1s available, and 1) frequent changes of the ARC information are expecied.
However, the overhead when using the H.263-style signaling can be high, and scaling factors may
not be apphcable among picture boundaries as the picture header can be of a transient nature,

{0143}  Referring to FIG 9, i an example such ag JVCET-M135-v1, ARC reference
information {905} {e.g., an index) located 10 a PPS {904} can point to a table (or a target resolution
table} (906} including target resolutions {e.g, resolutions 1-3) where the table (906} 15 located mside
an 8PS (507). Placing the target resolutions in the table (906) mn the 8PS (907} can be justified by
using the SPS as an interoperability negotiation pomt during capability exchange. A resolution can
change, within a hmit set by the values {e.g., the resolutions 1-3} in the table (906) from one picture
to another picture by referencing the appropriate PPS {904),

{8146]  Referning back to FIG. 9, additional options or examples may be used to convey
ARC mformation i a video bitstream. A plhurality of the options may be simultaneously present in
a same video coding technology or standard.

{6147}  In an embodiment, ARC information {909) such as a resampling factor {or zoom
factor) may be present in a header, such as a slice header, a GOB header, a tile header, a tile group
header, or the like. A tile group header {908} is illustrated in FIG. 9 for example. The embodiment
can be adequate when a memory space for the ARC mformation (909) is small, such as a single
variable length ve(v} or a fixed length codeword of a few bits, as shown above.

{0148}  Having the ARC information (909} in a header (e.g., the tile group header (908} in

FIG. 9, a slice header, or a tile header) directly can have additional advantages in that the ARC
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information {909} may be applicable to a sub-picture represented by, for example, a corresponding
tile group (or a slice, a tile), rather than an entire picture. In addition, in an example, even if a video
compression technology or standard envisions only whole picture adaptive resolution changes {in
contrast to, for example, a tile group based adaptive resolution changes), putting the ARC
iformation {909} mto the tile group header (908} vis a vis putting the ARC mformation {909} into
an H.263-style picture header can have certain advantages from an error resilience viewpoint.

{6149]  Referring to FIG. 9, ARC mformation (912) may be present in a parameter set (911)
such as a PPS, a header parameter set, a tile parameter set, an adaptation parameter set {APS), or the
fike. An APS (911) is illustrated in FIG. 9 for example. A scope of the parameter set (911) can
advantageously be not larger than a picture, for example, a tile group. The use of the ARC
mformation {e.g., the ARC mformation {912}) can be implicit through the activation of the relevant
parameter set {e.g, the APS (911}). For example, when a video coding technology or standard
conternplates only picture-based ARC, a PPS or equivalent may be appropriate.

[0130] o some embodiments, ARC reference information {913) may be present in a tile
group header (914) or a simiar data structure (e.g., a picture header, a slice header, a tile header, or
a GOP header) as described above. The tile group header (914) 1s illustrated i FIG. 9 for example.
The ARC reference 1nformation {913} can refer to a subset of ARC information (915) available m a
parameter set {916) with a scope beyvond a single picture, for example an SPS, a DPS, or the like
The SPS (916} 1s dlustrated n FIG. 9 for example.

[8158%]  FIG 10 shows examples of ARC parameters signaling according to embodiments of
the disclosure. FIG 10 shows syntax diagram examples used 1n video coding standards. Inan
example, the notation of the syntax diagrams roughly follows C-style programming. Lines in
boldface can imdicate syntax elements present in a bitstream, and lines without boldface can indicate
control flow(s) or setting of variables.

{0152}  Refernng to FIG. 10, a tile group header (1001) as an exemplary syntax struchure of a
header applicable to a part {(e.g., a rectangular part) of a picture can conditionally contain, a variable
fength, Exp-Golomb coded syntax element dec pic size idx (1002) (depicted in boldface}). The
presence of the syntax element {(e.g., the dec_pic size 1dx {1002)) in the tile group header (1001}
can be gated based on an adaptive resolution, for example, represented by a flag {e.g , an
adaptive pic resolution change flag) (1003} A value of the flag {(e.g., the

in the bitstream at a point where the flag occurs in the syntax diagram. Whether the adaptive
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resolution is 1n use for the picture or the part of the picture can be signaled in a high level syntax
structure {e.g., 8 SPS (1010) as described below) inside or outside the bitstream.

{0183}  Referring to FIG. 10, an excerpt of the SPS (1010} is shown. The first syntax
true, the flag can indicate a use of the adaptive resolution which may require certain control
information. In an exarple, the certain control information is conditionally present basedon a
value of the flag (1011) as shown by an f {} statement (1012} in the SPS (1010) and the tile group
header (1001).

[01%4]  When the adaptive resolution is in use, such as shown i the example in FIG. 10, an
output resolution in units of samples {or a resolution of an output picture) (1013) can be coded. The
output resolution (1013} can refer to both a width resolution {e.g , an
output_pic_height in_luma samples). The width resolution and the height resolution can define the
output resolution (1013}, In a video coding technology or standard, certain restrictions 1o value(s)
of the output resolution {1013) can be defived. For example, a level definttion may linit a number
of total output samples {e.g., a product of the output_pic width 10 luma_samples and the
output_pic_height in_luma_samples). A video coding technology or standard, or an external
technology or standard {e.g., a system standard) can linut a range {(e.g., the width resolution and/or
the height resolution are divisible by a power of 2), an aspect ratio (e.g., a ratio of the width
resolution over the height resolution 1s 4:3 or 16:9}, or the like. In an example, the above
restrictions may be introduced to facilitate hardware roplementations.

[0185]  In certain applications, an encoder can instruct a decoder 1o use a certain reference
picture size rather than implicitly assume that a size 13 the output picture size. For example, a
syntax element {e.g., a reference pic size present flag) (1014) gates a conditional presence of
reference picture dimensions {1015}, The reference picture dimensions (1015} can refer to both a
width {e.g., a reference pic width m lome samples)and a height (e.g., a
reference pic height in luma samples).

{0186  FIG. 10 shows a table of applicable decoding picture widths and heights. The table
can be expressed by a table indication {e g., a syntax element
num dec pic size in luma samples minusi} (1016} The "minusi” can refer to the inferpretation

of the value of the syntax element (1016). For example, if the coded value 1s zero, one table entry is
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present. If the coded value is five, six table entries are present. For each line in the table, the
decoded picture width and height are included in syntax elements (1017).

{01871 The table entries represented by the syntax elements {1017) can be indexed using the
syntax element dec_pic size 1dx (1002} in the tile group header {1001), and thus allowing different
decoded sizes and zoom factors per tile group.

{8188]  Certain video coding technologies or standards {e.g., VP9)} can support spatial
scalability by implementing certain forms of reference picture resampling in conjunction with
temporal scalability, and thus can enable spatial scalability. In an embodiment, a reference picture
is upsampled using ARC-style technologies to a higher resolution to form the base of a spatial
enhancement layer. The upsampled picture can be refined, using normal prediction mechanisms
{e.g., motion-compensated prediction for inter-prediction from reference pictures) at the high
resolution for example to add detail.

[0158]  The disclosure can be used in such an environment. Tn some examples, a value ina
Network Abstraction Laver (NAL) unit header, for example, a Temporal 1D field, s used to mdicate
a temporal and a spatial layer. The advantages can include existing Selected Forwarding Units
{SFUs) can be used without modification for scalable environments. The SFUs can be, based on the
WAL unit header Teraporal ID value, created and optimized for the temporal layer selected
forwarding . To enable that, a mapping can be performed between a coded picture size and the
temporal layer as indicated by the temporal ID field in the NAL unit header.

[B168]  When pictures are encoded mto a bitstream that mcludes one or more layers with
different qualities, the bitstream can have syntax elements that specify which layer(s} may be output
at a decoder side. A set of layers to be output can be defined as an output layer set. In a video
codec supporting mudiiple layers and scalabilities, one or more outpui fayer seis can be signaled in
one or more VP8s. One or more syntax elements that specify PTL mwformation for the entire
bitstream, a CVS, each output layer set, and/or the like can be signaled in a lugh-level syntax
structure, such as a VP8, a DPS, CT, a SPS, a PPS, an APS, a GOP, a sequence, a header, an 8FI
message, of the like.

{0161}  Block-level coding tools can be used to decode pixels or samples i a picture to
reconstruct the picture. The block-level coding tools can include any suitable coding tools used in
reconstruction of a coding block, such as coding tools for inter prediction (or inter coding tools},
coding tool{s) for intra prediction {or intra coding tools), an adaptive loop filter (ALF), a deblocking

filter (DBF), entropy coding, a transform, and the like.
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{81627  High-level syntax (HLS8) can specify information on functionality, system-interface,
picture-fevel control of tools and buffer control, and the like. For example, the HLS can specify
partition {e.g., a tile, a slice, a subpicture}, buffer management, random access {e.g., DR, clean
random access (CRA)), parameter seis) {e.g., a VPS, an SPS, a PPS, an APS), reference picture
resampiing {(RPR), scalability, and/or the like. The high-level syntax can be above a block-level.

{8163]  Control information can include SPS level tool control information, PPS level tool
control information, sequence level control information, bitstream level control information, and/or
the like.

{0164]  Constraint flags can be part of an HLS structure.

{8165}  In an example, constraint flags indicate control of tools. The constraint flags can be
provided in one of sequence level control information and bitstream level control information. In
an example, if certain tools are disabled by constraint flags, no control information is present in the
HLS and the tools are not used, for example, for coding blocks 1n a scope corresponding to the HLS.

[0166]  Constrant flags can be signaled in a profile syntax structure,

{0167}  Constramnt mformation can indicate whether a specific tool, functionality or syntax
elements are present or used in a corresponding video stream or coded video bitstream. For
example, constraint flags can indicate whether inter coding tools, mtra coding tools, a DBF, entropy
coding, a transform, partitioning {e.g., a tile, a shce), buffer mavagement, random access {e.g.,
IDR}, a parameter set (e.g., an SPS, a PPS), and/or the like are present or used in the coded video
bitstream. The constraint information can be signaled i parameter sets (e.g., an 8PS, a VPS, or
DCI). The constraint flags can be signaled in a high-level syntax structure {e.g., an SPS, a VPS,
DC).

{0168]  FIG. 11 shows an example of a set of PTL syntax elements according to an
embodiment of the disclosure. The set of PTL syniax elements can include general profile ide,
general tier flag, general level ide, num sub profiles, general sub profile ide,
sublayer level present flag, ptl alignment zero bit, sublayer level ide, and general consiraing
information.

{0169]  The general constraint information can inchude constraint information on a video
source type, coding tools, functionalities, and/or the like. FIG. 12 shows an example of the general
constraint information according to an embodiment of the disclosure. The general constraint

information can include a plurality of constraint flags, as shown in FI(z 12, Referring to FIG. 12, a
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being I (i.e., a slice being an intra slice). The constraint flag {e.g., the intra_only constraint flag)
pictures within the scope of the FTL information where other information (e.g., a profile idc) can
allow non intra-slices. In an example, a constraint flag {e.g., a no_alf constraint flag) (1206} equal
to 1 can indicate that an sps_alf enabled flag is equal to O for ali CVSs within the scope of the PTL
information, and thus adaptive loop filtering 1s not in use even if the adaptive loop filtering is
allowed based, for example, on the profile idc. The constraint flag (e g., the

no_alf constraint flag) (1206) equal to 0 does not impose the above constramnt.

{03761 A constramt flag {e.g., a no lossless coding tool constraint flag) (1201) can be
signaled in the general constraint information, as shown i FIG 12, The constraint flag {e.g., the
to lossless coding cannot be used within the scope of the PTL information including the constraint
flag (1201). The constraint flag (e g., the no_lossless coding tool constraint flag) (1201) equal to
0 does not impose the above constraint.

{03717 A constramnt flag {e.g., a no_lossy coding tool constraint flag) (1202) can be
signaled in the general constraint information, as shown i FIG 12 The constraint flag (e g, the
no_lossy_coding tool constraint flag) (1202} equal to 1 can indicate that coding tool{s) related to
lossy coding cannot be used within the scope of the PTL mformation including the constraint flag
(12023 The constraint flag (e.g., the no_lossy coding tool constraint flag) (1202) equal to O does
not impose the above constraint.

{0172}  In an embodiment, the constraint flag {e.g., the
no lossless coding tool constraint flag) (1201} may not be equal to 1 when the constraint flag
{e.g., the no_lossy coding tool constraint flag) {1202) is equal to 1. Alternatively, the constramt
flag {e.g., the no lossy coding tool constraint flag) (1202) may not be equal to 1 when the
constramt flag {e.g, the no_lossless coding tool constraint flag) (1201315 equal to 1.

{61737 The plurality of consiraint flags i the general constraint information can be sorted in
certain orders. The order can be set based on, for example, bikelihoods of respective mechanisms
and/or tools not being used in a scope of a PTL. The order can be referred to as a priortty order.
The order can be presented in the general constraint information syntax structure from a high
priority to a low priority where the high priority indicates that non-use of a tool {or a mechanism}
has a high likelihood and the low priority indicates that non-use of the tool {or the mechanism} has a

fow likelihood. Additional factors affecting the order can include tools likely being used only for
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specific use cases (&.g., tools for sub-pictures, scalability, and/or interlace support), impact of the
tool for encoder/decoder/implementation complexity, and the like.

{6874  FIGs. 13A-13B show an example of PTL information (including for example a set of
PTL syniax elements} according to an embodiment of the disclosure. A syntax element indicating a
number of constraint flags (¢.g., a num_available constraint flags) (1301} can be signaled i the
PTL information. For example, the number of constraints flag can be signaled outside of a general
constraint information bracket, as shown in FIG. 13A. Alternatively, the syntax element indicating
the number of constraint flags can be signaled in a beginning of the general consiraint information
syntax structure. When the syntax element {e.g , the num_available constraint flags) is present and
a value of the syniax element {e.g. . the num_available constraint flags) is equal to N, the first N
constraint flags may be present in the general constraint information syntax structure. Further, other
constraint flags may not be present and can be inferred to be equal to a specific value. Ncanbea
non-negative integer,

{0173}  Io an embodiment, the value N {e.g., the num_available constraint flags)isina
range of 0 to a maximum vumber of constraint flags {(e.g., MaxNumConstraintFlags). The
maximum number of constraint flags can be any positive integer. The value of the maxiroum
number of constraint flags {e.g , MaxNumConstraintFlags) can be predefined to be 16, 32, 64, 128,
or the like. When the value N {e g, nurn_available constraint_flags) 1s equal to 0, no constraint
flags are present in the general constraint information syntax structare. Coding of the value N {e.g,
num_available constraint flags) can be chosen such that a corresponding entropy-coded
representation for the value N and the constraint flags can add up to a number divisible by & to
ensure byte alignment.

{0176]  According to aspects of the disclosure, constramt flags can be categorized into one or
more constraint information groups. Each constraint mformation group can include one or more
constraint flags and can have a corresponding gate flag. A gate flag of a corresponding constraint
mformation group can indicate whether constraint flag(s) in the corresponding constraint
information group may be present. In an example, the gate flag can be referred 1o as a constraint
group present flag. In general, the gate flag is associated with the corresponding constraint
information group, and is associated with constraint flag(s} in the corresponding constraint
mformation group. In an embodiment, the gate flag pates whether the constraint flag(s) in the
corresponding constraint information group are present {or signaled) in constraint information. For

example, if the gate flag of the corresponding constraint information group is equal to 1, the
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constraint flag{s) corresponding to the constraint information group can be present, for example, in
the constraint mformation. If the gate flag of the corresponding constraint information group is
equal to 0, the constraint flag{s) corresponding to the constraint information group may not be
present, for example, in the constraimt information. In an example, if all the gate flags are equal to
0, no constraint flags are present.

{8177}  Constraint flags can have different copes. For example, a scope of constraint flags in
DT can be a coded video bitstream. A scope of constraint flags i a VPS can be CLVSs with
multiple layers. A scope of constraint flags in an 8PS can be a single CLVS.

01781  Aflagi{eg., agate flag all) can indicate whether the gate flag(s) are present. In an
example, the flag 1s false indicating that no gate flags(s) are present. In an example, when no gate
flag(s) are present, no constraint flags are present in the constraint information. In an example, the
flag s true indicating that one or more of the gate flags(s) are present.

[0178]  According to aspects of the disclosure, a gate flag for each of at least one constraint
information group in constraint information signaled 1o a coded video bitstream can be obtained,
Each gate flag can indicate whether a constraint information group of the at least one constraint
information group corresponding to the respective gate flag 15 present 1o the constraint information,
The constraint mformation can be for a subset of coding blocks in the coded video bitstream.
Whether the constraint inforration group of the gate flag is present in the constraint information
can be determined based on the gate flag of a constramt information group of the at least one
constraint information group. The constraimt information group of the gate flag can include at least
one constraint flag for the subset of coding blocks. Prediction mformation for the subset of coding
blocks can be determined based on whether the constraint mformation group of the gate flag s
present in the constrant information. The subset of coding blocks can be reconstructed based on the
prediction mformation.

{8188]  In an embodiment, the constraint information group of the gate flag is determimed to
be present in the constraint information. The prediction information for the subset of coding blocks
can be determined based on the at least one constraint flag in the constraint information group of the
gate flag. Inan embodiment, the constraint information group of the gate flag is determined not to
be present in the constraint information.

{6181]  Inan embodiment, each gate flag indicates that the constraint information group
corresponding to the respective gate flag is not present in the constraint information, and no

constraint flags are present in the constraint information.
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{0182]  In an embodiment, the constraint information is present in a gh-level syntax for at
feast one picture, and the subset of coding blocks includes coding blocks in the at least one picture.
The high-level syntax can be a VPS, a DPS, BCL a 8PS, a PPS, an APS, a GOP, a sequence, or the
fike. In an example, the high-level syntax 1s DCI or a DPS, a scope of the constraint information
includes the coded video bitstream, and thus includes coding blocks in the coded video bitstream.
In an example, the high-level syntax is a VPS, a scope of the constraint information includes CLVSs
with multiple layers, and thus includes coding blocks in the CLVSs. In an example, the high-level
syntax is a SPS, a scope of the constraint information includes a single CLVS, and thus includes
coding blocks in the single CLVS.

{0183}  In an embodiment, each constraint flag that can be present {or signaled) in constraing
information is categorized into one or more constraint information groups, and thus can be gated by
a respective gate flag. In an example, the one or more constraint information groups include a first
constraint information group and a second constraint information group. The constraint flags
include at least one fust constraint flag and at least one second constraint flag. The at least one first
constraint flag 1s categorized mnto the first constraint information group, and the at least one second
constraint flag is categorized mto the second constraint information group. A fust gate flag of the
first constraint information group can indicate whether the at least one first constraint flag {or the
first constraint information group) 18 present {e.g., signaled) in the constraint information. A second
gate flag of the second constraint information group can indicate whether the at least one second
constraint flag {(or the second constraint imformation group) is present (&.g., signaled) m the
constraint information. Thus, m the example, the constraint information does not include additional
constraint flag{s) 1o the at least one first constraint flag and the at least one second constraint flag,

{0184]  In an embodiment, a first subset of constraint flags is ¢ategorized into one or more
constraint information groups, and thus can be gated by a respective gate flag. Further, a second
subset of constramnt flags is outside the one or more constraint information groups, and thus s not
gated by gate flag(s). In an example, the one or more constraint information groups include a third
constraint information group and a fourth constraint information group. The first subset of
constraint flags includes at feast one third constraint flag and at least one fourth constraimt flag. The
at least one third constrait flag is categorized mto the third constraint information group, and the at
least one fourth constraint flag 1s categonized into the fourth constraint information group. A third
gate flag of the third constraint information group can indicate whether the at least one third

constraint flag {or the third constraint information group} is present {e.g., signaled) in the constraint
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iformation. A fourth gate flag of the fourth constraint information group can indicate whether the
at least one fourth constraint flag {or the fourth constraint information group) 1s present {e.g.,
signaled) in the constraint information. In addition, the constraint information can include the
second subset of constraint flags. In an example, the third gate flag and the fourth gate flag indicate
that the third constraint mformation group and the fourth constraint mformation group are not
signaled in the constraint information, and thus the constraint information includes the second
subset of constraint flags and does not include the at least one third constraint flag and the at least
one fourth constraint flag.  In an example, the third gate flag and the fourth gate flag indicate that
the third constraint information group and the fourth constraint information group are signaled i
the constraint information, and thus the constraint information includes the second subset of
constraint flags, the at least one third constraint flag, and the at least one fourth constraint flag,
|0185)  FIGs. 14A-14B show an exemplary general constraint imformation syntax structure
{1400} according to an embodiment of the disclosure. The general constraint oformation syntax
structure {(1400) can represent constraint information {e.g., referred to as general constramnt
information). The general constraint information {or the general constraint information syniax
structure (1400}} can include one or more gate flags, such as a gate flag (e.g., a
general frame structure constraint_group flag) (1401}, a gate flag{e.g., a
high level functionality constramnt_group flag) (1402), a gate flag {e.g, a
scalability constramt_group flag) (1403}, a gate flag (e g, a partitioming_constraint_group flag)
{1404), a gate flag {e.g, an mntra_coding_tool constraint_group flag) (1405}, a gate flag {e.g., an
mter_coding tool constramt_group flag) {1400), a gate flag {e.g., a
transforn_contraint group flag) (1407), a gate flag (e.g., an inloop filtering constraint_group flag)
{1408} in FIG. 14A. The one or more gate flags {e.g, the gate flags (1401}-(1408)) can be present
at the beginning of the general constramt imformation syntax structure (1400}, as shown in FIG.
14A.

{0186]  The gate flag {e.g, the general frame structure constraint group flag) (1401} i3
associated with a constraint information group {1410), and 1s associated with constraint flags
{1411)-(1414) that are in the constraint information group {1410). The gate flag (¢.g., the
general frame structure constraint group flag) {1401} being equal to 1 can specify that the
constraint flags (1411}-{1414) that are in the constraint information group {1410) may be present.

{0187}  The constraint information group (1410) {or the constraint flags (14113-(1414})) can

be related to input source and frame packing {e.g. a packed or a projected frame). Referring to FIG.
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14A, the constraint flags (14113-(1414) correspond to a general non packed constraint flag
{1411}, a general frame only constraint flag (1412), a general non projected constraint flag
{1413), and a general one picture only constraint flag (1414). Otherwise, the gate flag (e.g., the
general frame structure constraint group flag) (1401} being equal to O can specify that constraint
flags (1411)-(1414) that are in a constraint information group (1410} may not be present.

{0188]  Referring to FIG. 14B, the gate flag (e g, the
high level functionality constraint group flag) (1402) being equal to 1 can specify that constraint
flags related to high level functionality (e.g. reference piciure resampling) that are in a constraing
mformation group {1420) may be present. Otherwise, the gate flag (e.g, the
constraint flags that are in the constraint information group {(1420) may not be present.

{0189}  Referring back to FIG. 144, the gate flag (e g, the
scalability constraint_group flag) (1403} being equal to 1 can specity that constraint flag(s) related
to scalability {e.g. interlayer prediction) may be present. Otherwise, the constraint flag{s) related to
the scalability may not be present.

{0150}  The gate flag {e.g, the partitiontng_constraint_group flag) (1404) being equal to 1
can specify that constraiot flag(s) related to bigh level partitionung {e.g. a subpicture or a tile) may
be present. Otherwise, the constraint flags related to the high level partitioning may not be present.

{6181] The gate flag (e g., the ntra_coding_tool constramt_group flag) (1405} being equal
to 1 can specify that constraint flag{s} related to intra coding {e.g. intra prediction} may be present.
Otherwise, the constraint flag{s} related to the intra coding may not be present.

[0192]  The gate flag {e.g, the mter_coding tool constraint group flag} (1406) being equal
to 1 can specify that constraint flag{s) related to inter coding {e.g. motion compensation for inter-
picture prediction) may be present. Otherwise, the constraint flags related to the mnter coding may
not be present.

{0193}  The gate flag {e.g, the transfom contraint group flag) (1407} being equal to 1 can
specify that constraint flag{s) related to transform coding {e.g. multiple ransform matrices) may be
present. Otherwise, the constraint flags related to the transform coding may not be present.

{0124}  In an embodiment, when all gate flags (e g, the gate flags (1401)-(3408) in FIG.
14A) are equal to 0, no constraint flags are present in a constraint information syntax structure (e.g.,

the general constraint information syntax structure (1400}).
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{6195] According to aspects of the disclosure, syntax can be designed such that control
information including gate flags {e g, the gate flags (1401)-(1408)), associated constraint flags (e.g.,
the constraint flags (1411)-(1412) and the constraint flags in the constraint information group
{14207}, additional control information, and/or the like can be byte aligned, for example, a number
of flags s divisible by 8 to prasarve the byte alignment. In an example, a number of gate flags and
constraint flags in constraint mformation {e g, the general constraint mformation syntax structure
{1400)) 15 divisible by 8. A byte-alignment mechanism can be used to achieve the byte-alignment
of the control information. Referring to FIG. 148, symtax {e.g., a while loop) (1430) can be used for
byte-alignment.

{8196}  In an embodiment, offset information such as an offset (e.g., a syntax element
constraint_info_offset[]}} and length information such as a length (e.g., a syniax element
constraint_info length{}) are present in the constraint information {e g, at the beginning of a
general constraint information syntax structure) indicating that the at least one constraint flag 1o the
constraint information group of the gate flag 1s present in the constraing information. In an
embodiment, one or more of the at least one constraint information group are present m the coded
video bifstream. An offset and a length can be present in the constraint joformation mdicating that
at least one constraing flag m each of the one or more of the at least one constraint information
group is present n the constraint information. A number of the offsets can be signaled 1o the coded
video bitstream.

{8187  In an embodiment, zero or more offsets {or constramnt information offsets) {e.g.,
indicated by the syntax element constraint_info_offset] ]} and corresponding zero or more lengths
{or constramt mformation lengths} (e.g., indicated by the syntax element constraint_info_length{]}
can be present i constraint information, such as at the beginning of a general constraint information
syntax structure. A number of the zero or more constraint information offsets and a number of the
zero or more constraint information lengths can be exphicitly indicated by syntax element(s}.

{6198]  In an example, the number of the zerc or more constraint information offsets and the
number of the zero or more constraint information lengths are identical, and the number of the zero
or more constraint imformation offsets {represented by M} is explictily indicated {or signaled)} by a
syntax element (e.g., 3 num _constaint info set). M can be an integer that 13 larger than or equal to
0. M being 0 can indicate that no constraint information offsets and no constraint information

lengths are present in the constraint information.
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g., a syntax element

=

{0199]  In an embodiment, a constraint information offset {e.
constraint_info offset{i]) and a constraint information length (e.g., a syntax element
constraint_info length{i}} can specify available constraint flags that are present in the constraint
information {e.g., the general constraint information syntax structure). In an example, when a value
of the constraint information offset {e.g., the syntax element constraint info_offset{i]} s equal to 3,
and a value of the constraint information length (e.g., the syntax element constraint_info_lengthfi]}
is equal to 3, the fifth, the sixth, and the seventh constraint flags are present in the constraint
information {e.g., the general constraint information syntax structure).

{02606 In an example, f M is equal to 0, no constraint tlags are present in the constraint
information {e.g., the general constraint information syntax structure).

{0261} Inan example, a run-length coding can be used to code the constraint flags that are
specified in a pre-determined order {or a given order).

[0202] Tn an embodimoent, a run-coding can be used where the constraint flags are specified
in a pre~determined order {or a given order). Instead of coding the constraint flags directly, a
suitably coded list of "skip” values can mdicate constraint flags that are equal to zero, with a
following constraint flag being mmplied o be equal to 1. The run-coding described above may be
particularly efficient 1f {1} a number of the constraint flags is large and (11} a small percentage of the
constraint flags 1s equal to 1.

{6263] In an embodiment, one or more of the at least one constramt information group are
present in the coded video bitstream. A plurality of constraint flags in the one or more of the at least
one constraint information group 18 signaled according to the predetermined order. Accordingly, the
plurality of constraint flags can be run~coded {e.g., run-encoded or run-decoded). Further, the
prediction information for the subset of coding blocks can be determined based on the plurality of
constraint flags.

{62064]  In an embodiment, the at least one constraint flag 1n the constraint information group
of the gate flag includes a plurality of constraint flags signaled according to a predetermined order.
Accordingly, the plurality of constraint flags can be run-coded (e.g., run-encoded or run-decoded).

{0265  In an embodiment, a full hist of the constraint flags can be specified in a video coding
standard {e.2., 2 VVC specification), an external table, or the like. In an example, only available
constraint flag(s}) of the constramt flags are indicated, for example, by one or more of the following:

a number of available constraint flags (e.g., a num available constraint flags), gate flag(s) (or
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constraint group present flag(s}), constraint information offset information and constraint
information length information, or the like are present in the coded video stream.

{02661  In an example, a full list of the constraint flags is specified and is available to an
encoder and a decoder. The full list of the constraint flags can be stored at the decoder. The full hist
of the constramnt flags can include 100 constraint flags. 10 of the 100 constramnt flags are present in
constraint information for a CLVS and thus are available to the subset of coding blocks in the
CLVS. The 10 of the 100 constraint flags are referred to as the 10 available constraint flags. Inan
example, a number of available constraint flags {e g, 10} 15 signaled. In an example, the 10
avatlable constraint flags are in two constraint information groups and are gated by a first gate flag
and a second gate flag. Thus, the first gate flag and the second gate flag can be signaled to indicate
the 10 available constraint flags.

10287} In an example, a first constraint information offset {e g, the syntax element
constraint_info_offset{0]) and a first constraint information length {e.g., the syntax element
constraint_info_length{O]) are signaled. A second coustraint information offset (e.g., the syntax
element constraint_info offset[1]) and a second constraint inforrmation length (e.g., the symiax
element constraint_1ofo_length]{1]) are signaled. For exarple, the syntax element
constraint_info_offset[0] 15 15 and the syntax element constraint_nfo_length{0] 15 3, and the syntax
element constraint_info_offset{1] 15 82 and the syntax elemeunt constraint_info_length{1] 5 7,and
thus indicate that the 15th to the 17th constraint flags and the 82th to the 88th constraint flags in the
full Hist {e.g., the 100 constraint flags} are available or present in the constraint information.

{0268]  In an embodiment, any of the various techniques {or methods, embodiments,
examples) for efficient coding of constraint flags can be combined, employing suitable control
information. The combination may be a suntable combmation of two or more of such technigues.
Alternatively, one of the varicus techniques (or methods, embodiments, examples} can be used
mndependently. Constramnt flags can be grouped. In certain group{s), run-coding can be used while
other group{s) may employ siraightforward binary coding.

{6269}  The value of the maximum number of constraint flags {(e.g.,
MaxNumConstraintFlags} can be predefined to be 16, 32, 64, 128, or the like.

{6218}  The value of the maximum number of constraint flags {(e.g.,
MaxNumConstraintFlags} can be determined by the profile information, such as general profile ide
or general sub profile idc, or a codec version mformation, so that the range of the number of

constraint flags {e.g., the num available constraint flags (1301)} can be restricted by the profile
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information or the version information. For example, the value of the number of constraint flags
{e.g., the num available constraint flags (1301}) in a main profile {e.g., where the

MaxNumConstraintFlags = 64} can be in the range of 0 to 64, while the value of the number of

constraint flags {e.g., the num_available constraint flags (1301)} in an advanced profile {e.g.,

{6211]  Inan embodiment, the value of the number of constraint flags (e.g., the
num_available constraint_flags) can be inferred to be equal to a value predefined by the profile
information, such as general profile ide or general sub profile ide, or codec version information,
so that the value of num_available constraint flags can be determined without explicitly signaling.

{0212} In an embodiment, in FIG. 12, reserved byte information can be present in the
general constraint information syntax structure. For example, the flags gci_num _reserved bytes
structure for extension of the general constraint information syntax structure. The flag
gei_num_reserved byvtes can specify a number of reserved constraiut bytes. In an example, the
reserved constraint bytes are for signahing additional flags {e.g., additional coostraint flags). The
flag ge1_reserved byie] | may have any suitable value,

[6213]  Inan embodiment, a value of gci_num_reserved byies may be restricted or
determined by the profile information, such as general profile ide or general_sub _profile ide, or
codec version information. With a base profile {or the main profile), the value of the flag
gcimum_reserved byies can be 0. With an extended profile (or the advanced profile), the value of
gl nom_reserved bytes can be greater than &

{0214} A field sequence flag can be signaled in a coded video bitstream. The field sequence
fiag can mdicate whether pictures in an output layer are coded with field coding. The field
sequence flag can be signaled inan SPS as an sps_fleld seq flag In an embodiment, the flag
sps_field seq flag may be present in an SPS. The flag sps_field seq flag being equalto 1 can
indicate that a CLVE conveys pictures that represent fields. The flag sps_field seq flag being equal
to O can indicate that the CLVE conveys pictures that represent frames.

{02158}  Inthe general constramnt information syntax structure in FIG 12, the flag
general frame only constraint flag may be present. The flag general frame only constraint flag
being equal to T can specify that a scope for an output layer set (e.g., OlsinScope} conveys pictures
that represent frames. The flag general frame only constraint flag being equal to O specifies that

the scope for the output layer set {e.g., the OlsinScope) conveys pictures that may or may not
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represent frames. In an embodiment, the flag general frame only constraint flag indicates
whether pictures in an output layer set is coded with field coding. The output layer set can mclude
the subset of coding blocks. The flag sps_field seq flag can be false based on the flag

general frame only constraint flag {e.g., being 1) indicating that a subset of the pictures is not
coded with field coding. The subset of the pictures can be i one layer of the ouiput laver set.

{6216]  When the flag general frame only constraint flag is equal to 1, the value of the flag
sps_field seq flag may be equal to 0.

[6217]  Inan embodiment, the flag pps_mixed nalu types in pic flag may be present in a
PPS. The flag pps_mixed nalu types in pic flag being equal to 1 can specify that each picture
referring to the PPS has more than one VCL NAL unit and the VCL NAL units do not have the
same value of nal unit_type. The flag pps_mixed nalu types in pic_flag being equal to 0 can
specify that each picture referring to the PPS has one or more VCL NAL units and the VCL NAL
units of each picture referring to the PPS have the same value of nal_unit_type. To the general
constraint information syntax structure in FIG 12, the flag
no_mixed nalu types in pic constraint_flag may be present. The flag
no nuxed nalu types in pic constraint flag being equal to 1 can specify that the value of
pps_mixed nalu types in pic flag shall be equal to 6. The flag
no_nuxed nalu types in pic_constraint flag being equal to 0 does not impose such a constraint,

{6218] In an embodiment, the flag general one picture only constramnt flag may be
present in the general constraint information syntax structure in FIG 12, The
general one picture only constraint flag being equal to 1 can specify that there 1s only one coded
picture in a bitstream. The flag general one picture only constramnt flag being equal to 0 does not
impose such a constraint.

{0219}  In an embodiment, the flag single layer constrammt flag may be present in the
general constraint information syntax structure in FIG 12, The flag single layer constraint flag
being equal to T can specify that a sps_video parameter set id shall be equal to 0. The flag
general one picture only constraint flag is equal to 1, the value of the flag
single laver constraint flag may be equalto 1.

{6228]  Inan embodiment, the flag all layers independent constraint flag may be present in
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vps all independent layers flag may be equalto 1. The flag
the flag single layer constraint flag is equalto 1, the value of the flag
all layers independent constraint flag may be equal to 1.
{6221]  Inan embodiment, the flag no res change in clvs constraint flag may be present

in the peneral constraint information syntax structure in F1G 12, The flag

{6222]  Inan embodiment, the flag no _mixed nalu types in pic_constraint_flag may be
present in the general constraint information syntax structure in FIG 12, The flag
no nuxed nalu types in pic constraint flag being equal to 1 specifies that the value of the flag
pps_mixed nalu types_in_pic_flag may be equal to 0. The flag
no_nuxed nalu types in pic constraint flag being equal to G does not impose such a constrant,
When a flag one_subpic_per pic constramnt_flag is equal to 1, the value of the tlag
no_nuxed nalu types in pic_constraint flag may be equal to 1.

{6223] In an embodiment, the flag no_trail constraint flag may be present in the general
constraint information syntax structure in FIG 12, The flag no_trail_constraint_flag being equal to
1 can specify that there may be no NAL unit with a nuh_unit_type equal to TRAIL _NUT present in
OlsinScope. The flag no_trail constraint_ flag being equial to 0 does not impose such a constraing,
When the flag general one picture only constraint flag is equal to 1, the flag
no_trail_constraint flag may be equal to 1.

{0224]  In an embodiment, the flag no_stsa constramnt flag may be present in general
constraint information syntax structure in FIG 12, The flag no_stsa_constraint flag being equal to 1
OlsinScope. The flag no_stsa_constraint flag being equal to 0 does not impose such a constraint.
When the flag general one picture only constraint flag s equal to 1, the flag
no stsa constraint flag may be equal to 1.

{62258]  Inan embodiment, the flag no trail constraint flag may be present in the general

constraint information syntax structure in FIG 12, The flag no_trail constraint flag being equal to
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1 can specify that there may be no NAL unit with the nuh _unit_type equal to TRAIL NUT present
in OlsinScope. The flag no trail constraint flag being equal to U does not impose such a
constraint. When the flag general one picture only constraint flag is equal to 1, the flag

no trail constraint flag may be equal to 1.

{6226]  Inan embodiment, the flag no sisa constraint flag may be present in the general
constraint information syntax structure in FIG 12, The flag no_stsa_constraint_flag being equal to 1
can specify that there may be no NAL unit with the nuh_unit_type equal to STSA NUT present in
OlsinScope. The flag no stsa_constraint flag being equal to 0 does not impose such a constraint.
no_stsa_constraint_flag may be equal to 1.

{02277 In an embodiment, the flag no_idr constraint flag may be present in the general
constraint information syntax structure in FIG 12, The no 1dr constraint flag being equal to 1 can
specify that there may be no NAL unit with the nuh_unit type equal to IDR W _RADL or
IDR._N _LP present in OlsloScope. The flag no_idr_coustraint_flag being equal to 0 does not
mpose such a constraint,

{0228} o an embodiment, the flag no_cra_constraint flag may be present in the general
constraint information syntax structure in FIG 12, The flag no_cra_constraint_flag being equal to 1
can specity that there may be no NAL unit with the nub_unit_type equal to CRA_NUT present in
OlsInScope. The flag no_cra_constraint flag being equal to O does not impose such a constraint,

[6229]  Inan embodiment, the flag no_rasl constraint_flag may be present in the general
constraint information syntax structure in FIG 12, The flag no rasl constraint_flag being equal to 1
can specify that there may be no NAL unit with the nub_unit_type equal to RASL NUT present in
OlsinScope. The flag no_ras! constraint_ flag being equal to © does not impose such a constraint.
When the flag no_cra_constramnt_flag is equal to 1, the value of the flag no_rasl constraint flag
may be equal to 1.

{0238}  In an embodiment, the flag no radl constraint flag may be present in the general
constraint information syntax structure in FIG 12, The flag no radl constraint flag being equal to 1
can specify that there may be no NAL unit with the nuh unit type equal to RADL NUT present in
OlsinScope. The flag no radl constraint flag being equal to 0 does not impose such a constraint.
When the flag no idr constraint flag is equal to 1 and the flag no _cra constraint flag is equalto 1,

the value of the flag no_rasl constraint flag may be equal to 1.
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{02317 FIGs. 15A-135D show an exemplary general constraint information syntax structure
{1500} according to an embodiment of the disclosure. The general constraint information syntax
structure (1500} can represent constraint information {e.g., referred to as general constraint
information). The general constraint information {or the general constraint information syntax
structure (1500)) can include a flag (e g, a gei_present flag) indicating whether constraint flags are
present in the general constraint information syntax structure {1500). In an example, if the flag
{e.g. the gci present flag) 15 true, one or more of the constraint flags can be present in the general
constraint mformation syntax structure {1500). If the flag (e.g, the goi present flag) is false, no
constraint flags can be present in the general constraint information syntax structure (1500).

10232} As described above with reference to FIGs. 14A-14B, the constraint flags in FIGs.
1SA-15D can be categorized into groups {e.g., constraint information groups). Whether constraint
flags n a constraint information group can be present in the general constraint information syntax
structure (1500} can be controlled, for example, by a corresponding gate flag for the constramt
information group.

[0233]  The general constramnt mformation syutax structure (1500} can include any suitable
number of constraint information groups. Tu an example, the general constraint information syutax
structure (1500) can further include constraing flag(s) that are not included 10 the constraint
information groups, and thus the constraint flag{s) are outside the constraint information groups.

[6234]  In an example shown in FIGs. 15A-15D, the general constraint information syntax
structure {1500} inchudes nine constraint information groups {1510)-(1518). The constraint
information group {1510} s refated to general constraint information and inchudes three constraint
flags {e.g., a go1_intra_only constraint flag, a gei all layers indepedent constraint flag, a
gci_one au only constrami flag). In an example, a gate flag can gate or control whether the
constraint information group {1510} 15 present in the general constraint information syntax structure
(1500},

{02387 The constraint mformation group (1511) and corresponding constraint flags are
related to picture format constraint information. In an example, a gate flag can gate or control
whether the constraint information group (1511} 1s present in the general constraint information
syntax structure (1500}

{6236] The constraint mformation group {1512) and corresponding constraint flags are

related to NAL unit type constraint information. In an example, a gate flag can gate or control
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whether the constraint information group (1512} 1s present in the general constraint information
syntax structure (1500}

{02377  The constraint information group (1513) and corresponding constraint flags are
related to tile, slice, or subpicture partitioning constraint information. In an example, a gate flag can
gate or control whether the constraint information group (1513) 1s present in the general constraint
information syntax structure (1500).

{6238] The constraint mformation group {1514) and corresponding constraint flags are
related to CTU and block partitioning constraint information. In an example, a gate flag can gate or
control whether the constraint information group (1514} is present in the general constraint
information syntax structure (1500},

{0239}  The constraint imformation group (1515) and corresponding constraint flags are
related to intra coding constraint information. In an example, a gate flag can gate or control whether
the constraint mformation group (1515) 1s present in the general constraint information syntax
structure (1500},

{6248]  The constraint information group (1516} and corresponding constraint flags are
related to inter coding constraint information. Inan example, a gate flag can gate or control whether
the constraird mformation group (1516} 1s present in the general constraint information syntax
structure (1500},

{02417  The constraint mmformation group (1517) and corresponding constraint flags are
related to transform, quantization, and residual constraint information. In an example, a gate flag
can gate or control whether the constraint information group (1517} 1s present in the general
constraint information syntax structure {1500},

{0242}  The constraint mnformation group (1518) and corresponding constraint flags are
related to loop filter constraint mformation, In an example, a gate flag can gate or control whether
the constraint mformation group (1518} 1s present in the general constraint information syntax
structure (1500}

{6243]  Inan embodiment, in FIG. 15D, syntax elements gei_num _reserved bits and
gci_reserved zero bitf] can be present in the general constraint information syntax structure (1500}
for extension of the general constraint information syntax structure. The syniax element
gci num reserved bits can spectfy a number of reserved constraint bits. The syntax element
gci_reserved zero bitf | may have any suitable value. In an example, the presence of the syniax

element g1 _reserved zero bit] ] and the value of goi_reserved zero bit] | do not affect a decading
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process specified in certain video coding standard {(e.g., the YV specification}. The presence of
the syntax element gei_reserved zero bit] T and the value of gci_reserved zero bit] | may be used
for some video coding standard,

{0244}  FIG. 16 shows an example of a set of PTL syntax elements in a PTL syntax structure
according to an embodiment of the disclosure. The set of PTL syntax elements can mnclude
general profile ide, general tier flag, peneral level ide, ptl frame only constrant flag,
ptl_multilayer enabled flag, pht sublaver level present flag], ptl reserved zero bif,
sublayer level idc[], ptl_num_sub profiles, general sub profile idc, and/or general constraint
information. Whether some (e g, the general profile idc, the general tier flag, the general
constraint information, the ptl num sub profiles) of the set of PTL syntax elementis can be present
can be based on values of a flag {e.g., a profileTierPresentFlag).

10245} A video sequence with one or more layers may be coded as field coding structure
where two or more consecutive field pictures roay comprise the full frame picture. The field coding
information may be signaled in hagh-level syntax structure, such as parameter sets or SEI messages.

[0246]  In an embodiment, every interlaced video frame has two fields for each frame. In
some examples, a three-two pull down {a 3:2 pull down) can be used to convert 24 frames per
second nto 29.97 or 30 frames per second. The 3.2 pull down can convert four frames 1oto five
frames plus a slight slow down in speed, approximately.

{6247} In an embodiment, the flag {e.g , the sps_field seq flag) may be signaled m an SPS,
as shown m FIG. 17, to indicate whether field coding 15 used or not. The flag {e.g., the
sps_field seq flag) being equal to 1 can indicate that a CLVS conveys pictures that represent fields.
The flag {e.g., the sps_field seq flag) being equal to 0 can indicate that the CLVS conveys pictures
that represent frames. When the flag {e.g., the general frame only coustraint flag) is equal to 1,
the value of the flag {e.g., the sps field seq flag) mav be equal to 0. In an example, the flag {e.g.,
the general frame only constraint flag} being equal to 1 mdicates that the value of the flag (e.g.,
the sps_field seq flag) s 0.

{0248}  In an embodiment, when the flag (e.g., the sps_field seq flag) is equal to 1, a frame-
field information SEI message may be present for every coded picture in the CLVS. A video
coding standard or technology may require such presence.

{6249]  Inan embodiment, a decoding process may not treat pictures that represent fields or
frames differently from other pictures. A sequence of pictures that represent fields can be coded

with picture dimensions of an individual field. For example, pictures that represent 10801 fields can
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have cropped output dimensions of 1920x540, while a sequence picture rate can express a rate of
source fields {(e.g., typically between 5C and 60 Hz}, instead of a source frame rate {e.g., typically
between 25 and 30 Hz).

{62588]  In an embodiment, the value of the flag (e.g., the sps_field seq flag) may be the
same across lavers. Inan example, the value of the flag (e.g., the sps_field seq flag) can be the
same in all SPSs that are referred to by CLVSs in a CVS, for example, because all layers can have
the same field structure or the same frame structure.

{0251}  In an embodiment, the value of the flag (e.g , the sps_field seq flag )ofa layer A is
equal to the value of the flag {e g, the sps field seq flag) of a dependent layer of the layer A inan
output layer set.

{02521  In an embodiment, when the flag (e.g., the sps_field seq flag)is equal to 1, all fields
that include a same frame may refer to the same PPS so that all fields of the same frame can have
the same picture size, conformance window and tile partitioning.

[0233]  Io an embodiment, two fields of a frame may have a same partitioning structure with
same tile syntax elements or same subpicture syntax elements.

[0254] o an embodiment, two fields of a frame can have an identical layer structure with a
same nurmber of layers and sublavers.

[6238]  Inan embodiment, as shown 1 FIG. 18, a flag {e.g, a vps_field seq flag) may be
signaled in a VPS to mdicate whether the layers referring to the VPS are coded as field or frame.
The flag {e.g., the vps_field seq flag) being equal to 1 can indicate that the CVE referring to the
VPS conveys pictures that represent ficlds. The flag (e.g., the vps_field seq flag) being equal to O
can indicate that the CVE referring to the VPS conveys pictures that represent frames. When the
fiag {e.g., the general frame only_constraint flag} 1s equal to 1, the value of the flag {(e.g., the
sps_field seq flag) shall be equal to O.

{0256]  Whenthe flag {e.g, the vps_field seq flag) is present in the VPS, the value of the
flag {e.g., the sps field seq flag) in the SPS referring the VPS8 may be equal to the value of the flag
{e.g., the vps field seq flag).

{6257] High level syntax Clean-ups in an 8PS

{0258}  The following high level syntax (HLS) clean-ups may be performed in Sequence
Parameter Set (SPS) according to embodiments of the present disclosure: (1} Signaling

sps_picture header in slice header flag; (2} Alignment on subpic treated as pic flag value
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across lavers; (3) Constraint on Number of subpictures for small picture; {4) Correction on the value
range of sps_subpic_id len minust.

{6259] 1. Signaling picture_header in slice header flag

{0260}  When the picture header 1s contained in a slice header, it is assumed that the
subpicture information i1s not used and only one slice 1s present per picture m the CLVS referring to
the sequence parameter set {(SPS). This assumption was hypothetically agreed, but not clearly
described. To make HTTP live streaming clean-ups, a new tlag
sps_picture_header in slice header flag may be defined and used in the SPS.
sps_picture_header in_slice header flag equal to 1 specifies that the picture header (PH) syntax
structure is present in the slice header and only one slice is present per picture in the CLVS. In
addition, no subpicture information is present when sps_picture_header _in slice header flag equal
to 1.

[0261]  The following are example semantic and syntax definions for the new flag
sps_picture_header_in_slice header flag:

{0262}  seq parameter set rbsp{ ) {1 Descriptor

sps_picture_header in_slice header flag u{1)
if{ sps_picture header m slice header flag )

subpic_info_present flag ufl)

Sommt

{8263]
[6264]
{0265]
{6266]
{8267] H{ subpic_jufo_present flag ) {
{6268]
[0269]
{6276}
{0271}

}
{6272]  sps_pictare_header in slice header flag equal to | specifies that the PH syntax
structure is present in the shice header and only one slice 15 present per picture in the CLVS.
sps_picture header in slice header flag equal to O specifies that the PH syniax structure is not
present in the slice header in the CLVS.
{02737  subpic info present flag equal to 1 specifies that subpicture information is present
for the CLVE and there may be one or more than one subpicture in each picture of the CLVS.

subpic_info present flag equal to O specifies that subpicture information is not present for the
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CLVS and there is only one subpicture in each picture of the CLVS. When not present, the value of
subpic info present flag is inferred to be equal to 0.

{0274]  Whenres change in clvs allowed flag is equal to 1, the value of
subpic mnfo present flag shall be equal 10 0.

{62758]  In one embodiment, picture header in slice header flag is signaled in picture
header.

{6276]  picture header in slice header flag equal to 1 specifies that the PH syntax
structure is present in the slice header. picture_header in slice header flag equal to 0 specifies that
the PH syntax structure is not present in the slice header.

{6277  The value of picture_header _in_slice header flag shall be equal to
sps_picture_header in slice header flag

10278}  When picture header in slice header flag is equal to 1 for a coded slice, itis a
requirement of bitstream conformance that no VCL NAL uou with nal unit_type equal to PH NUT
shall be present in the CLVS,

[0278]  When picture_header in_slice header flag s equal to 0, all coded shices in the
current picture shall have picture header in_slice header flag s equal to 0, and the curreng PU
shall have a PH NAL unit.

[0280]  Furthermore, the constant tlag pic_header_in_slice header constraint_flag may
be added in general constraint_info(}. When pic_beader in_slhice header constramnt_flag is equal to

1, the value of picture_header in slice header flag in PH shall be equal to |

general constraint info{ ) { Descriptor
one tile per pic constraint flag u(1}
one shice per pic constraint flag u{1)
one subpic per pic constraint flag u(l}
pic_header in slice header constraint flag u{l}

Y

5

[0281]  pic_header in_slice header constraint_flag equal to 1 specifies that PH syntax

structure 1s present in slice header. pic_header in shice header constraint flag equal to 0 does not

(4]
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equal to 0.

{0283]  When pic_header in slice header constraint flag is equal to 1, rect shce flag shall
be equal to 1.

[6284]  When pic_header in_slice header constraint flag is equal to 1,
subpic_info_present flag shall be equal t0 0.

{0285}  When pic_header in slice header constraint flagis equal to 1,

separate_colour plane flag shall be equal to 0.

10286}  The following is an example syntax definttion for the new constraint flag:

general constraint info } { Descriptor
general progressive source flag ufl)
general interlaced source flag u(l)
general non packed constraint flag a1}
general frame only constraint {flag ufl}
general non projected constraint flag ufl)
mira_only constraint_flag u(l)
max_bitdepth constraint ide u{4)
max_chroma format constraint ide {2}
no_res change in clvs constraint flag ufl)
one tile per pic constraint flag ull)
one slice per pic constraint flag u{1}
one subpic per pic constraint flag ufl}
pic header in slice header constraint flag uw(l}
no_gtbtt dual tree intra constraint flag ul)
no partition constraints override constraint flag w1}

L
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no_sao_constraint_flag ufl}y
no_alf constraint flag u(l)
no_cealf constraint_flag u(l)
no joint cher constramt flag ufl)
no_ref wraparound constraint flag ufl}y
no temporal mvp constraint flag ufl)
no_sbhtmvp constramnt_flag u(h)
no amvr constraint flag a1}y
no_bdot constraint flag ufl)
no dmvr_constraint flag ul)
no cclm constraint_ flag w1}
no mis constraint flag u(l}
no_sbt constraint flag ufl)
no affine motion_constraint_flag uil)
no_bow constraint_flag o1}
no_ibe constraint flag ufl}
no_ciip_constraint_flag u(l}
no fpel mmvd constraint flag ul)
no gpm_ constraint flag o1}
no ladf constraint flag a1}y
no_transform skip constraint flag ufl}
no_bdpem_constraint flag uil)
no_gp delta constraint flag a1}
no_dep _quant constraint flag ufl}
no_sign data hiding constraint flag ufl)
no mixed nalu types mn pic constraint flag w(l)
no trail constraint flag u(1}

(¥4
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no_stsa_constraint_flag ufl}y
no_rasl constraint flag u(l)
no_radl constraint flag u(h)
no idr constraint flag ufl)
no_cra_constraint_flag ufl}y
no gdr constraint flag ufl)
no_aps constraint_flag u(h)

while( !byte aligned{ )}

gci alignment zero bit 1)

num_reserved consiraint bytes w8}

for{ 1=0; 1 <num_reserved constraint_bytes; i++)

gct reserved constramt bytef 1] u(8}

H

[6287]  The following 15 an example semantics definttion for the new constraint flag:

{0288]  separate colour plane flag equal to 1 specifies that the three colour components of
the 4:4:4 chroma format are coded separately. separate_colour plane flag equal to 0 specifies that
the colour components are not coded separately. When separate_colour _plane flag is not present, it
1s inferred o be equal to 0. When separate_colour plane flag is equal to 1, the coded picture
consists of three separate components, each of which consists of coded samples of one colour plane
(Y, Cb, or Cr} and uses the monochrome coding syntax. In this case, each colour plane is associated
with a specific colour plane id value

{628%]  NOTE - There is no dependency in decoding processes between the colour planes
having different colour plane id values. For example, the decoding process of a monochrome
picture with one value of colour plane id does not use any data from monochrome pictures having
different values of colour plane id for inter prediction.

{0250}  Depending on the value of separate colour plane flag, the value of the variable
ChromaArrayType 15 assigned as follows:

10291} - Ifseparate colour plane flag is equal to 0, ChromaArrayType 15 set equal to

chroma format ide.

(]
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{02927 -~ Otherwise {separate colour plane flag is equalto 1), ChromaArrayType is set
equal to 0.

{6293] When pic header in slice header comsiraint flas is egual to 1,

separate colour plane flae shall be equal (0 8,

{6294] subpic_info present flag equal to 1 specifies that subpicture information is present

for the CLVS and there may be one or more than one subpicture in each picture of the CLVS,
subpic_mmfo present flag equal to O specifies that subpicture information is not present for the
CLVS and there is only one subpicture in each picture of the CLVS.

[0295%]  Whenres change in clvs allowed flag is equal to 1, the value of
subpic nfo present flag shall be equal to 0.

[0296]  NOTE — When a bitstream 1s the result of a sub-bitstream extraction process and
contains only a subset of the subpictures of the input bitstream to the sub-bitstream exiraction
process, it might be required to set the value of subpic_info_present flag equal to 1 in the RBSP of
the SPSs.

[6297] When pic header in slice header constraint flagis egual to 1,

subpic imfo present flao shall be egual {0 @,

[0298]  rect_shice flag equal to 0 specitfies that tdes within each slice are n raster scan order
and the shee informoation 15 not signalled in PPS. rect slice flag equal to 1 specifies that tiles within
each shice cover a rectangular region of the picture and the slice information is signalled in the PPS.
When not present, rect_shice flag 15 inferred to be equal to 1. When subpic_info_present flag s
equal 1o 1, the value of rect_slice flag shall be equal to 1.

[6299]  When pic beader _in slice header constraint f{lags is equal to 1, rect shice flag

{0360 gp delta info_in_ph flag equal fo 1 specifies that QP delia imformation 1s present
in the PH syntax structore and not present in shice headers referring to the PPS that do not contain a
PH syntax structure. gp_delta info in ph flag equal to O specifies that QF delta information is not
present in the PH svntax structure and may be present in slice headers referring to the PPS that do
not contain a PH syntax structure.

{6361] When pic header in slice header constraint flae is equal to I,

rpl info in ph flas, dbf info in ph flas, sac infe in ph flas. wn info in ph flas,

ap delta mfe in ph flac shall be equal to 0,

j 4
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{03621  one subpic per pic censtraint flag equal to 1 specifies that each picture shall
contain only one subpicture. one_subpic per pic_constraint flag equal to O does not impose such a
constraint. When one_slice per pic constraint flag is equal to 1, the value of
one subpic per pic constraint flag shall be equal to 1.

{6363] ic header in slice header comsiraint flas equal to 1 specifies that PH syntax

structure is present in slice header. pic header in slice header constraint flag equal to §

does not impose such a constraint, When pic header in slice header constraing flas shall be

egual to 1. the value of picture header in slice header flac shall be equal to 1,

{63064] 2. Alignment on subpic_treated as pic_flag value across lavers

10365}  For subpicture extraction from a multilayer bitstream, when
subpic_treated as pic flagf i1 ] s equal to 1, for each ouiput layer and its reference layers inan
QOLS, all pictures in the output layer and its reference layers shall have the value of
subpic treated as pic flagl ;] equal to 1 for each value of § in the range of O to
sps_num_subpics munust. Therefore, according to embodiments of the present disclosure, the
following constraint 15 added.

[0366]  subpic treated as pic Hagl 1] equal to 1 specifies that the -th subpicture of each
coded picture m the CLVS 15 treated as a picture in the decoding process excluding m-loop filtering
operations. subpic treated as pic flag] 1 | equal to O specifies that the i-th subpicture of each coded
picture in the CLVS is not treated as a picture in the decoding process excluding in-loop filtering
operations. When not present, the vahue of subpic_treated as pic flag] 1 115 inferred to be equal to
sps_independent subpics flag.

{03677  When subpic treated as pic flagf 1 ]1s equal to 1, it is a requurement of bitstream
conformance that all of the following conditions are true for each output layer and its reference
fayers moan OLS that includes the layer contaming the i-th sebpicture as an output layer:

{0368] — All pictures in the output layer and us reference layers shall have the same value
of pic_width in luma samples and the same value of pic_height in luma samples.

{63697  — Al the SPSs referred to by the output layer and its reference layers shall have the
same value of sps_num_subpics minusi and shall have the same values of subpic_ctu top left x| ;
1, subpic_ctu top left vf 1, subpic width minusi{ | §, subpic height minusl{j ], and
loop filter across subpic enabled flag{ ]|, respectively, for each value of § in the range of 0 to

sps_mum_subpics _minusl, inclusive.
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{03167  — Al pictures 1n each access umit in the output layer and its reference lavers shall
have the same valoe of SubpicldVal[ j ] for each value of j in the range of 0 1o
sps_num subpics minust, inclusive.

{0311} — Al pictures in the output layer and s reference layers shall have the value of
subptic_treated as pic flag] § 1 equal to 1 for each value of § in the range of O to
sps_num_subpics minusi, inclusive.

{6312] 3. Constraint on the number of subpictures for small picture

{6313]  In one embodiment, an additional constraint can be imposed such that the number of
subpictures shall be equal to 1, when the picture size is not greater than CtbSizeY.

10314}  The following are example syntax and/or semantic definitions for the additional
constraint:

10315}  When pic_width max in luma samples is not greater than CtbSizeY and
pic_height max in fuma_samoples 1s not greater than CtbSizeY, the value of
sps_num_subpics_minuslishall be equal to 0.

[8316] 4 Correction on the value range of sps_subpic 1d len minus!

{03177 1o one embodiment, the sernantics of sps_subpic_id len roinus! can be modified as
follows so that the syntax element can have more accurate value range.

[031§] sps_subpic 1d len minus! plus 1 specifies the number of bits used to represent the
syntax element sps_subpic idf 1], the syntax elements pps_subpic_id] 1 ], when present, and the
syntax element slice subpic id, when present. The value of sps_subpic 1d len _minusl shall be in
the range of 0 to 15, inclusive. The value of T << { sps_subpic id len minusl) shall be greater
than or equal to sps_num_subpics_minast + 1.

{0319}  The above-mentioned embodunents may be used separately or combmed i any
order. Further, each embodiment, encoder, and/or decoder may be implemented by processing
circuitry {e.g., One OF More Processors or one of more integrated circuits). In one example, the one
of mTe Processors execute a program that is stored in a non-transitory computer-readable medium.

{0328}  FIG. 19 shows a flow chart outlining a process {1900) according to an embodiment
of the disclosure. The process (1900} can be used in the reconstruction of a block, so to generate a
prediction block for the block under reconstruction. The term block in the disclosure may be
interpreted as a prediction block, 3 CB, a CU, or the ke, In various embodimenis, the process
{1900} are executed by processing circuitry, such as the processing circuitry in the terminal devices

{310}, (320), (330} and (340), the processing circuitry that performs functions of the video encoder
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{403}, the processing circuitry that performs functions of the video decoder (410}, the processing
circuitry that performs functions of the video decoder {510), the processing circuitry that performs
functions of the video encoder (603), and the like. In some embodiments, the process (1900} is
implemented in software instructions, thus when the processing circuitry executes the software
mstructions, the processing circuitry performs the process {1900}, The process starts at (81901} and
proceeds to (S1910).

{6321] At {81910}, a gate flag for each of at least one constraint information group in
constraint information signaled in a coded video bitstream can be obtained. Fach gate flag can
indicate whether a constraint information group of the at least one constraint information group
corresponding to the respective gate flag is present in the constraint information. The constrant
information can be for a subset of coding blocks in the coded video bitstream.

10322} The constraint information can be present in a high level syntax (e.g , an SPS, a VPS,
DL, a DPS) for at least one picture, and the subset of coding blocks can include coding blocks in
the at least one picture.

{03231  Inan example, each gate flag wdicates that the constraimt information group
corresponding to the respective gate flag s not present in the constraing information, and no
constraint flags are present in the constraint information.

[8324] At {51920), whether the constraint information group of the gate flag s present m the
constraint information can be determined based on the gate flag of a constraint information group
of the at least one constraint information group. The constramnt information group of the gate flag
can mclude at least one constraint flag for the subset of coding blocks.

{03257 At {S1930), prediction mformation for the subset of coding blocks can be determined
based on whether the constraint information group of the gate flag 13 present in the constraint
mformation,

{8326]  In an example, the constraint information group of the gate flag s determined to be
present in the constraint information. The prediction information for the subset of coding blocks
can be determined based on the at least one constraint flag in the constraint information group of the
gate flag.

{83277 In an example, the constraint information group of the gate flag is deternuined not to
be present in the constraint information. The prediction information for the subset of coding blocks

can be determined independent from the constraint information group of the gate flag.
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{0328] At {81940}, the subset of coding blocks can be reconstructed based on the prediction
information.

{03297  The process {1900} can be suitably adapted. Step(s) in the process {1900} can be
modified and/or omitted. Additional step(s) can be added. Any suitable order of implemeniation
can be used. For example, one or more of the at lgast one constraint information group are present
in the coded video bustream. A plurality of constraint flags in the one or more of the at least one
constraint information group can be signaled according to a predetermimed order. The plurality of
constraint flags can be run-decoded, and thus the prediction information for the subset of coding
blocks can be determined based on the plurality of constraint flags.

18330}  In an example, the at least one constramnt flag in the constraint information group of
the gate flag mcludes a plurality of constramnt flags signaled according to a predeternuned order, and
the plurality of constraint flags in the constraint information group of the gate flag can be run-
decoded.

[0331]  In an exarople, an offset and a length are present 1u the constraint information
indicating that the at least one constraint flag in the constraint information group of the gate flag s
present in the constraint information.

{03321 In an example, one or more of the at least one constraint information group are
present in the coded video bitstream.  An offset and a length are present in the constraint
information indicating that at least one constraint flag in each of the one or more of the at least one
constraint information group 1s present in the constraint information. A number of the offsets can
be signaled in the coded video bitstream.

{0333]  Inan example, one or more of the at least one constraint information group are
present in the coded video bitstream. One or more syntax elements 1 the constraint information can
be byte aligned. The one or more syntax elements can include the gate flag for each of the at least
constramt information group and a plurality of constraint flags in the one or more of the at least one
constraint information group.

{6334]  In an example, the at least one gate flag includes a frame-only constraint flag (e g,
the general frame only constraint flag) indicating whether pictures in an output layer set 15 coded
with field coding. The output layer set can inchude the subset of coding blocks. A field sequence
flag {e.g., the sps_field seq flag} is false based on the frame-only constraint flag indicating thata
subset of the pictures is not coded with field coding where the subset of the pictures is in one layer

of the output layer set.
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{03351  Inan example, the field sequence flag is signaled in the coded video bitstream and
the field sequence flag indicates whether pictures in an output layer are coded with field coding.

{0336] Embodiments in the disclosure may be used separately or combined in any order.
Further, each of the methods (or embodiments), an encoder, and a decoder may be implemented by
processing circuitry (€.2., one or more processors or one of more mtegrated circuits). In one
example, the one or more processors execute a program that is stored in a non-transitory computer-
readable medium.

{6337]  Aspects of the disclosure relates to signaling field coding information in a coded
video stream, for example, with multiple layers.

{0338]  When pictures are encoded into a bitstream that includes multiple layers with
different gualities, the bitstream may have syntax elements that specify which layers may be output
at a decoder side. In certain video codec supporting multiple layers and scalabilities, one or more
output layer sets can be signaled in a VPS. The syntax elements specifving output layer sets and
thewr dependency, profile/tier/level and hypothetical decoder reference model parameters are to be
efficiently signaled 1n a parameter set. When multilayered video sequences are coded as a field
structure where two or more field pictures imclude one frame picture, the field coding information
may be signaled in a high level syntax structure, such as 8PS, a VPS, or an SEI message.

[6339]  In some video coding technologies, an access urut (AU) can refer to coded picture(s),
shice(s), tife(s), NAL Urit{s), and so forth, that are captured and composed into a the respective
picture/shice/tile/NAL unit bitstrear at a given instance in time. The given mnstance in ime canbe a
coOmMposHion time,

{0340  In some examples, such as in HEVC and certain other video coding technologies, a
picture order count (POC) value can be used for ndicating a selected reference picture among
multiple reference picture stored m a decoded picture buffer {DPB). When an AU includes one or
more pictures, slices, or tiles, each picture, slice, or tile belonging to a same AU may have a same
POC value, from which it can be derived that the one or more pictures, slices, or tiles are created
from content of the same composition time. Thus, two pictures/shices/tiles having the same given
POC value can indicate that the two pictures/shices/tiles belong {o the same AU and having the
same composition time. Conversely, the two pictures/tiles/slices having different POC values can
mndicate the two pictures/siices/tiles belonging to different AUs and having different composition

times.

60



WO 2021/207023 PCT/US2021/025559

{0341}  In an embodiment, aforementioned rigid refationship can be relaxed where an AU
can comprise pictures, slices, or tiles with different POC values. By allowing different POC
values within an AU, POC values can be used to identify potentially independently decodable
pictures/slices/tiles with an identical presentation time. Thus, multiple scalable layers can be
supported without a change of reference picture selection signaling (e g. reference picture set
signaling or reference picture list signaling), as described in more detail below.

{0342}  In some examples, it is desirable to identify an AU that a picture/shice/tile belongs
to, with respect to other picture/slices/tiles having different POC values, from the POC value
alone. This can be achieved as described below.

{0343}  In an embodiment, an access unit count {AUC) may be signaled in a high-level
syntax structure, such as a NAL umit header, a slice header, a tile group header, an SEI message, a
parameter set or an AU delimiter. A value of the AUC {or an AUC value) may be used to identify
which NAL units, pictures, slices, or tiles belong to a given AU, The value of the AUC may
correspond to a distinct composition time instance. The AUC value may be equal to a multiple of
the POC value. By dividing the POC value by an integer value, the AUC value may be
calculated. In some examples, division operations can place a certain burden on decoder
implementations. Thus, small restrictions in the numbering space of the AUC values may allow
for substitution of the division operations by shift operations. For example, the AUC value may
be equal to a Most Significant But (MSB) value of the POC value range.

{6344]  In an embodiment, a value of POC cycle per AU {e.g, a poc_cycle_au) may be
signaled 1 a high~level syntax structure, such as a NAL unit header, a slice header, a tile group
header, an SEI message, a parameter set, or an AU delimiter. The value of POC cycle per AU
{e.g, the poc_cycle au) roay indicate how many different and consecutive POC values can be
associated with a same AU, For example, if the value of POC cycle per AU {e.g,, the
poc_cycle au)is equal to 4, the pictures, slices or tiles with the POC value equal to 010 3,
mchusive, are associated with the AU with the AUC value equal to 6, and the pictures, shices or
tiles with POC value equal to 4 to 7, inclusive, are associated with the AU with the AUC value
squal o 1. Hence, the valoe of the AUC may be mnferred by dividing the POC value by the value
of the value of POC cycle per AU {e.g., the poc_cycle au).

{6345]  In an embodiment, the value of POC cycle per Al {e g, the poc_cyle au} may be
dertved from information located, for example, in a VIS, that identifies a number of spatial or
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SR layers in a coded video sequence. While the derivaiion as described above may save a few
bits in the VPS and hence may improves coding efficiency, it can be advantageous to explicitly
code the value of POC cycle per AU (e g, the poc_cycle au) in an appropriate high-level syntax
structure hierarchically below the VPS o minimize the value of POC cycle per AU (e.g., the
poc cvcle au) for a given small part of a bitsiream (e g, a picture}. The optimization may save
more bits than can be saved through the derivation process above because POC values (and/or
values of syntax elements indirectly referring to POC) may be coded in low level syniax

struciures.

{8346]  In an embodiment, FIG. 20 shows an example of syntax tables to signal a syntax
picture/shices in a coded video sequence, and a syntax element of slice poc _cycle_au, which
indicates the poc_cycle au of a current shice, in a slice header.

{03477 If the POC value increases untformly per AU, a syntax element
vps_contant poc cycle per au inthe VPS is set equal to 1 and the syntax element
vps poc_cvcle au is signaled in the VPS. Thus, a syntax element slice poc _cycle au is not
explicitly signaled, and the value of AUC for each AU can be calculated by dividing the value of
POC by the syntax element vps poc_cycle au.

[6348]  If the POC value does not increase uniformly per AU, the syntax element
vps_contant poc cyele per auin VPS is set equal to 0. Thus, a syntax element
vps_access unit ont is not signaled, while a syntax element slice_access_unit_cnt is signaled in
the slice header for each shice or picture. Each slice or picture way have a different value of
shice access uwnit_cnt. The value of AUC for each AU can be calculated by dividing the value of
POC by the syntax element shice poc _cycle au

[0349]  FIG 21 shows a block diagram dlustrating a relevant workflow described above.
The workflow starts at (82101) and proceeds to (82110},

{0330  AL(S2110), a VPS or an SPS can be parsed and whether the POC cycle per AU s
constant or not can be wdentified.

{0351 At (S2120), whether the POC cycle per AU 13 constant within a coded video
sequence can be determined. I the POC cycle per AU 18 determined to be constant within the
coded video sequence, the workflow proceeds to (§2130). Otherwise, the workflow proceeds fo
(52140},
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{03821  At{S2130), the value of access unit count can be calculated from a sequence level

[63584] At {82150}, the VPS or the 8PS can be parsed and whether the POC cycle per AU 1s
constant can be identified.

{0355}  In an embodiment, even though the value of POC of a picture, slice, or tile may be
different, the picture, the slice, or the tile corresponding to an AU with a same AUC value may be
associated with a same decoding or output time instance. Hence, without any inter-
parsing/decoding dependency across pictures, slices or tiles in the same AU, all or subset of
pictures, slices or tiles associated with the same AU may be decoded in paraliel, and may be
output at the same time instance

{0356}  In an embodiment, even though the value of POC of a picture, slice, or tile may be
different, the picture, slice, or tile corresponding to an AU with the same AUC value may be
associated with the same composition/display time instance. When the composition time i
contained in a container format, even though pictures correspond to different AUs, if the pictures
have the same composition time, the pictures can be displayed at the same timeinstance.

{03877 In an embodiment, each picture, slice, or tile may have a same temporal identifier
{e.z., a temporal_id) inthe same AU. All or a subset of pictures, slices or tiles corresponding to a
time nstance may be associated with the same temporal sub-layer. In an embodiment, each
picture, slice, or tile may have a same or different spatial layer dentification(s) {e.g., a layer 1d) in
the same AU, All or a subset of pictures, shces or tiles corresponding to a time instance may be
associated with the same or a different spatial layer.

[0358] FIG 22 shows an example of a video sequence structure with combination of
teraporal 1d, layer id, POC and AUC values with adaptive resolution change. In an example
shown in FIG. 22, a picture, a slice or a tile 10 a first AU with AUC = 0 may have temporal 1d=0
and layer id =0 or 1, while a picture, a slice or a tile 1n a second AU with AUC =1 may have
temporal id=1 and laver 1d =0 or 1, respectively. The value of POC 1s increased by 1 per
picture regardless of the values of temporal 1d and layer 1d. Referning to FIG. 22, the value of

poc_cycle au can be equal t0 2. In an example, the value of poc_cycle au may be preferably set
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equal to a number of (spatial scalability) layers. In this example, the value of POC is increased by
2, while the value of AUC 15 increased by 1.

{6359} In the above embodiments, all or a sub-set of inter-picture or inter-layer
prediction structure and reference picture indication may be supported by using reference
picture set (RPS) signaling in video standards, such as the HEVC or the reference picture list
{RPL) signaling. In the RPS or the RPL, a selected reference picture can be indicated by
signaling a value of POC or a delta value of POC between a current picture and the selected
reference picture. ln various examples, the RPS and the RPL can be used to indicate the inter-
picture or imnter-layer prediction structure without change of signaling and with the following
restrictions. If the value of temporal id of a reference picture s greater than the value of
temporal id of the current picture, the current picture may not use the reference picture for
motion compensation or other predictions. If the value of laver id of a reference picture s
greater than the value of laver id of the current picture, the current picture may not use the

reference picture for motion compensation or other predictions.

{0366}  In an embodiment, motion vector scaling based on a POC difference for
temporal motion vector prediction may be disabled across multiple pictures within an AU,
Hence, although each picture may have a different POC value within an AU, the motion vector
i3 not scaled and used for temporal motion vector prediction within the AU because a reference
picture with a different POC m the same AU is considered a reference picture having a same
time mstance. Therefore, the motion vector scaling function may return | when the reference
picture belongs to the AU associated with the current picture.

[8361]  In an embodiment, the motion vector scaling based on a POC difference for
temporal motion vector prediction may be optionally disabled across multiple pictures, when
the spatial resolution of the reference picture 1s different from the spatial resolution of the
current picture. When the motion vector scaling 1s allowed, the motion vector 1s scaled based
on both the POC difference and the spatial resolution ratio between the current picture and the
reference picture.

[0362] o an embodiment, the rootion vector may be scaled based on an AUC
difference instead of the POC difference, for temporal motion vector prediction, especially
when the poc_cvele ao has a son-umiform value (e.g., when vps_contant_poc cycle per au ==
03. Otherwise (e.g., when vps_contant poc cycle per au === 1}, the motion vector scaling
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based on the AUC difference may be identical to the motion vector scaling based on the POC
difference.

16363}  In an embodiment, when the motion vector s scaled based on the AUC
difference, the reference motion vector in the same AU (with the same AUC value) with the
current picture is not scaled based on the AUC difference and used for motion vector prediction
without scaling or with scaling based on spatial resohution ratio between the current picture and
the reference picture.

{6364]  Inan embodiment, the AUC value is used for identifying a boundary of an AU
and used for a hypothetical reference decoder (HRD) operation, which may need input and
output timing with an AU gramularity. In various examples, a decoded picture with a highest
faver in an AU may be output for display. The AUC value and the layer id value can be used
for identifying the output picture.

{03658]  Inan embodiment, a picture may include one or more sub-pictures. Hach sub-
picture may cover a local region or the entire region of the picture. A region supported by a sub-
picture may or may not be overlapped with a region supported by another sub-picture. The
region composed by one or more sub-pictures may or may not cover the entire region of the
picture. If a picture includes a sub-picture, the region supported by the sub-picture can be

identical to the region supported by the picture.

{68366]  In an embodiment, a sub-picture may be coded by a coding method sinular to the
coding method used for the coded picture. A sub-picture may be independently coded or may be
coded dependent on another sub-picture or a coded picture. A sub-picture may or may not have
any parsing dependency from another sub-picture or a coded picture.

10367}  In an embodiment, a coded sub-picture may be contained in one or more layers.
A coded sub-picture n a layer may have a different spatial resolution. The original sub-picture
may be spatially re-sampled (e.g., up-sampled or down-sarpled), coded with different spatial
resolution parameters, and contained 1n a bitstream corresponding to a layer.

[0368]  In an embodiment, a sub-picture with (W, H) may be coded and contained in the
coded bitstream corresponding to a layer 0. W indicates a width of the sub-picture and A
indicates a height of the sub-picture, respectively. An up-sampled (or a down- sampled) sub-
picture can be up-sampled {or down-sampled) from the sub-picture with the oniginal spatial

resolution. The up-sampled (or a down- sampled) sub-picture can have a spatial resolution
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{580 r, H% Sy and may be coded and contained in the coded bitstream cosresponding to a
fayer k. Parameters Sur and Syurcan indicate the horizontal and vertical resarmpling ratios,
respectively. If the valoes of S, Shrare greater than 1, the resampling s the np-samphing. If
the values of Sur, Sirare smaller than 1, the resampling is the down-sampling,

[6369]  Inan embodiment, a coded sub-picture in a layer may have a different visual
guality from that of the coded sub-picture i another layer in the same sub-picture or a different
subpicture. For example, a sub-picture i in a layer # is coded with a quantization patameter (e.g.,
Q) while a sub-picture j in a layer m 1 coded with a quantization parameter {e.g., Qim}.

[0370]  In an embodiment, a coded sub-picture 1n a layer may be independently
decodable, without any parsing or decoding dependency from a coded sub-picture i another
layer of the same local region. The sub-picture layer which can be independently decodable
without referencing another sub-picture layer of the same local region is the independent sub-
picture layer. A coded sub-picture in the independent sub-picture Iaver may or may not have a
decoding or parsing dependency from a previously coded sub-picture i the same sab-picture
layer. The coded sub-picture may not have any dependency from a coded picture 1n another sab-
picture layer,

{8371]  Inan embodiment, a coded sub-picture in a layer may be dependently decodable,
with any parsing or decoding dependency from a coded sub-picture in another layer of the same
focal region. The sub-picture layer, which can be dependently decodable with referencing
another sub-picture layer of the same local region, 1s the dependent sub-picture layer. A coded
sub-picture in the dependent sub-picture may reference a coded sub-picture belonging to the
same sub-picture, a previously coded sub-picture in the same sub-picture layer, or both reference
sub-pictures.

{6372} In an embodiment, a coded sub-picture includes one or more independent sub-
picture layers and one or more dependent sub-picture lavers. However, at least one independent
sub-picture layer may be present for a coded sub-picture. The independent sub- picture laver
may have the value of the layer identifier (layer id), which may be present in a NAL unit header
or another high-level syntax structure, equal to 0. The sub-picture layer with the layer 1d equal
to 0 is the base sub-picture layer.

{63731  In an embodiment, a picture may inchude one or more foreground sub-

pictures and one background sub-picture. The region supported by the background sub-
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picture may be equal to the region of the picture. The region supported by a foreground sub-
picture may be overlapped with the region supported by a background sub-picture. The
background sub-picture may be a base sub-picture layver, while the foreground sub-picture
may be a non-base sub-picture layer {e.g., an enhancement sub-picture layer). One or more
non-base sub-picture layers may reference the same base layer for decoding. Hach non-base
sub-picture layer with a layer id equal to o may reference a non-base sub-picture laver with
laver id equal to b, where a 15 greater than 5.

{6374}  In an embodiment, a picture may mnchude one or more foreground sub-
pictures with or without a background sub-picture. Each sub-picture may have ifs own base
sub- picture layer and one or more non-base {enhancement} layers. Each base sub-picture
fayer may be referenced by one or more non-base sub-picture layers. Each non-base sub-
picture layver with a layer id equal to @ may reference a non-base sub-picture layer with
tayer id equal to b, where @ is greater than A,

10378} In an embodiment, a picture may include one or more foreground sub-
pictures with or without a background sub-picture. Fach coded sub-picture in a (base or
non- base) sub-picture layer may be referenced by one or more non-base layer sub-pictures
belonging to the same sub-picture and one or more non-base layer sub-pictures, which are
not belonging to the same sub-picture.

10376} In an embodiment, a picture may include one or more foreground sub-
pictures with or without a background sub-picture. A sub-picture i a layer ¢ may be further
partitioned mto multiple sub-pictures 1u the same laver. One or more coded sub-pictures in a
taver » may reference the partitioned sub-picture 1n the layer a.

{03777 In an embodiment, a coded video sequence (CVS) may be a group of the
coded pictures. The CVS may include one or more coded sub-picture sequences (CSPS),
where the CSPS may be a group of coded sub-pictures covering the same local region of the
picture. A CSPS may have the same or a different temporal resolution than that of the coded
video sequence.

[0378]  In an embodiment, a CSPS may be coded and contained in one or more
layers. A CSPS may include one or more CSPS layers. Decoding one or more CSPS layers
corresponding to a USPS may reconstruct a sequence of sub-pictures corresponding to the
same Jocal region.
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{6379]  Inan embodiment, a number of CSPS layers corresponding to a CSPS may be
identical to or different from a number of CSPS lavers corresponding to another CSPS.

{6380}  In an embodiment, a C8PS layer may have a different temporal resolution
{e.g. a frame rate} from that of another CSPS layer. The original (e g., uncompressed) sub-
picture sequence may be temporally re-sampled {e.g., up-sampled or down-sampled), coded
with different temporal resolution parameters, and contained in a bitstream corresponding to
a layer.

{6381]  Inan embodiment, a sub-picture sequence with a frame rate & may be coded
and contained in the coded bitstream corresponding to a layer 0, while the temporally up-
sampled {or down-sampled} sub-picture sequence from the original sub-picture sequence,
with £ S;4, may be coded and contained in the coded bitstream corresponding to a layer k.
Stk indicates a temporal sampling ratio for the layer k. If the value of 8 1s greater than 1, the
temporal resampling process corresponds to a frame rate up conversion. If the value of S8
smaller than 1, the temporal resampling process corresponds o the frame rate down
conversion.

{0382}  In an embodiment, when a sub-picture with a CSPS layer ¢ s reference by a
sub-picture with a CSPS layer & for motion compensation or any inter-layer prediction, if the
spatial resolution of the CSPS layer « 1s different from the spatial resolution of the CSPS
fayer b, decoded pixels in the USPS layer g are resampled and used for reference. The
resampling process may need an up-sampling filtering or a down-sampling filtering.

{63831  FIG. 23 shows an example of a video stream inchsding a background video

>SPS with a laver id equal to 0 and multiple foreground CSPS layers. While a coded sub-
picture may include one or more CSPS layers, a background region, which does not belong
to any foreground CSPS layer, may include a base layer. The base layer may contain a
background region and foreground regions. Aun enhancement CSPS layer can contain a
foreground region. An enhancement CSPS layer may have a betier visual quality than the
base layer at the same region. The enhancement CSPS layer may reference the reconstructed
pixels and the motion vectors of the base layer, corresponding to the same region.

{6384]  In an embodiment, the video bitstream corresponding to a base layer s
contained in a track, while the CSPS layers corresponding to each sub-picture are contained

in a separated track, in a video file.
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{0385}  In an embodiment, the video bitstream corresponding to a base layer 1s
contained in a track, while C8SPS lavers with the same layer 1d are contained in a separated
track. In an example, a track corresponding to a layer & includes only CSPS layers
corresponding 1o the layer £

{6386]  In an embodiment, each CSPX layer of each sub-picture is stored in a separate
track. Each trach may or may not have any parsing or decoding dependency from one or

more other tracks.

{6387]  Inan embodiment, each track may contain bitstreams corresponding to a layer
i 10 a layer j of USPS layers of all or a subset of sub-pictures, where (<1 <j <k and k is the
highest layer of the CSPS.

{0388}  In an embodiment, a picture includes one or more associated media data
including a depth map, an alpha map, 30 geometry data, an occupancy map, and the like.
Such associated and timed media data can be divided to one or multiple data sub-stream each

of which corresponds to one sub-piciure.

{03891  In an embodiment, FIG. 24 shows an example of a vides conference based on
the multi-layered sub-picture method. In a video siream, one base layer video bustream
corresponding to the background picture and one or more enhancement layer video
biistreams corresponding to foreground sub-pictures are contained. Hach enhancement layer
vide bitstream corresponds to a CSPS layer. In a display, the picture corresponding to the
base layer is displaved by default. t contains one or more uset's picture in a picture (PIP).
When a specific user is selected by a client's control, the enhancement CSPS layer
corresponding to the selected user 15 decoded and displayed with an enhanced quality or
spatial resolution.

{6396]  FIG 25 shows a diagram for the operation described above. The operation
starts at (S2501) and proceeds 1o {S2510).

{63%1] At {82510}, the video butstream with moulti-layers can be decoded.

[0392] At {S2520), the background region and one or more foreground sub-pictures can be
wdentified.

{8393 At {S2530), whether a specific sub-picture region is selected can be determined. If
the specific sub-picture region is determined to be selected, the operation proceeds 1o (S2540).
Otherwise, the operation proceeds to (S2550}.
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{03%4] At {82540}, the enhanced sub-picture can be decoded and displayed. The operation
then proceeds to (82599}, and terminates.

{03958 At {82550}, the background region can be decoded and displayed. The operation
then proceeds to (82599}, and terminates.

{6396}  In an embodiment, a network middle box (such as a router} may select a subset of
favers to send to a user depending on its bandwidth. The picture/subpicture organization may be
used for a bandwidth adaptation. For example, if the user does not have the bandwidih, the
router strips layers or selects some subpictures due to their importance or based on a used setup

and the operation can be done dynamically to adopt to bandwidth,

{6397]  FIG. 26 shows a use case of 360 viden. When a spherical 360 picture is projected
onto a planar picture, the projection 360 picture may be partitioned into multiple sub-pictures as
a base layer. An enhancement layer of a specific sub-picture may be coded and transmitted to a
client. A decoder may be able to decode both the base layer including all sub-pictures and an
enhancement layer of a selected sub-picture. When the current viewport is identical to the
selected sub-picture, the displayed picture may have a higher quality with the decoded sub-
picture with the enhancement layer. Otherwise, the decoded picture with the base layer can be
displaved with a low quality.

{0398}  In an embodiment, any suitable layout information for display may be presentina
file, as supplementary mformation {such as an SEI message or metadata). One or more decoded
sub-pictures may be relocated and displayed depending on the signaled layout information. The
layout information may be signaled by a streaming server or a broadcaster, or may be
regenerated by a network entity or a cloud server, or may be determined by a user's customuzec
setting,

[6399]  In an embodiment, when an input picture 13 divided into one or more sub-
region{s) {e.g., rectangular sub-regions(s)), each sub-region may be coded as an independent
layer. Each independent laver corresponding to a local region may have a unuque laver id value.
For each independent layer, the sub-picture size and location information may be signaled. For
example, a picture size (e.g., a width and/or a height of the picture), the offset mformation of &
feft-top comer {e.g,, an x_offset, a y offset). FIG. 27 shows an example of the layout of divided
sub-pictures, a sub-picture size, position mformation, and a corresponding picture prediction
structure. The layout information including the sub-picture size(s} and the sub-picture position{s})
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may be signaled in a lugh-level syntax structure, such as parameter set(s}, a header ofa sliceor a
tile group, or an SEI message.

{0468]  In an embodiment, each sub-picture corresponding to an independent layer may
have a unique POC value within an AU. When a reference picture among pictures stored ina
DPB is indicated by using syntax element(s} in a RPS or a RPL structure, the POC value{s) of
each sub-picture corresponding 1o a layer may be used.

{64061]  Inan embodiment, in order to indicate the prediction structure {e.g., an inter-layer
prediction structure}, the layer id may not be used and the POC value (e.g., the POC delta value)
may be used.

{84621  In an embodiment, a sub-picture with a POC vale equal to N corresponding to a
fayer {or a local region} may or may not be used as a reference picture of a sub-picture with a
POC value equal to N+K, corresponding to the same layer (or the same local region} for motion
compensated prediction. In various examples, the value of the number K may be equal to the
maxtmum number of layers (e g., independent laves), which may be identical to a number of
sub-regions.

{0403}  In an embodiment, FIG. 28 shows an extended case of FIG. 27. When an input
picture 15 divided into multiple (e.g. four) sub-regions, each local region may be coded with one
or more layers. Referring to FIG. 28, the number of independent layers may be equal to the
number of sub-regions, and one or more layers may correspond to a sub-region. Thus, each sub-

region may be coded with one or more independent layer(s) and zero or more dependent layer(s).

{0404}  In an embodiment, in FIG. 28, the input picture may be divided into four sub-
regions. The right-top sub-region may be coded as two layers {e.g,, a layer 1 and a layer 4), and
the right-bottom sub-region may be coded as two lavers {e.g., a layer 3 and a layer S). In FIG.
28, the laver 4 may reference the layer 1 for motion compensated prediction, and the layer 5 may
reference the layer 3 for motion compensation.

{0405}  In an embodiment, in-loop filtering (such as deblocking filtering, adaptive in-loop
filtering, re-shaper, bilateral filtering or any deep-learming based filtering) across layer boundary
may be {(optionally} disabled.

[0486]  In an embodiment, motion compensated prediction or intra-block copy across

tayer boundary may be (optionally) disabled.
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{84677  In an embodiment, boundary padding for motion compensated prediction or in-
foop filtering at a boundary of sub-picture may be processed optionally. A flag indicating
whether the boundary padding 1s processed or not may be signaled in a high-level syntax
structure, such as parameter set{s} (a VPS5, an 8PS, a3 PPS, or an APS)}, a slice or a tile group
header, or an SEI message.

{04G8]  In an embodiment, the layout information of sub-region{s) {or sub-~ picture(s}}
may be signaled in VP8 or SPS. FiGs. 29A-29B show an example of syntax elemenis ina VPS
and an SPS. Referring to F1G. 29A, a flag (e.g., a vps_sub picture dividing flag) is signaled in
the VPS. The flag (e g., the vps_sub picture dividing flag) may indicate whether input
picture(s} are divided into multiple sub-regions or not. When the value of the flag (e g, the
vps_sub picture dividing flag) 1s equal to O, the input picture(s) in the coded video sequence(s)
corresponding to the current VPS may not be divided into multiple sub-regions. Thus, the mput
pic_height in luma samples) that is signaled in an SPS. When the value of the flag {e g., the
vps_sub picture dividing flag) 15 equal to 1, the juput picture(s} may be divided wnto multiple
sub-regions. Thus, the syntax elements vps full pic_width in_fuma samples and
vps_full pic height 10 tuma samples are signaled i the VPS. The values of
vps full pic widih 1o luma samples and vps full pic height 1 luma samples may be equal
to the width and height of the input picture(s), respectively.

[0409]  In an embodiment, the values of vps_full pic width 1o _luma_saroples and
vps_full pic height m luma samples may not be used for decoding, but may be used for
corposition and display.

[0418]  In an embodiment, when the value of the flag (e g., the
vps_sub picture dividing flag) 1s equal to 1, syntax elerents pic_offset x and pic_offset v
may be signaled in the SPS, whuch corresponds to (a) specific layer(s). Thus, the coded picture
size {e.g., the pic_width_in_luma_samples, the pic_height in_luma samples) signaled in the
SPR may be equal to the width and height of the sub- region corresponding to a specific layer.
The position {e.g., the syntax elements pic_offset x and pic_offset y) of a lefi-top comer of the

sub-region may be signaled in the SPS.
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{86411}  In an embodiment, the position information {e.g., the syniax elements pic_offset x,
pic_offset v} of the left- top corner of the sub-region may not be used for decoding, but may be
used for composition and display.

{0412}  In an embodiment, the layout information {e.g., a size and a positionj of all or a
sub-set sub-region{s} of (an) input picture{(s) and the dependency information between layer(s)
may be signaled in a parameter set or an SEI message. FIG. 30 shows an example of syntax
elements to indicate the information of a layout of sub-regions, the dependency between layers,
and the relation between a sub-region and one or more layers. Referring to FIG. 30, the syntax
element num_sub region can indicate the number of (rectangular) sub-regions in the current
coded video sequence. The syntax element num_layers can indicate the number of layers in the
of num _sub region. When any sub-region 15 coded as a single layer, the value of num layers
may be equal to the value of num_sub_region. When one or more sub-regions are coded as
multiple layers, the value of num_layers may be greater than the value of num_sub_region. The
syntax element direct_dependency flag [1]{j] can indicate the dependency from the j-th layer to
the i-th fayer. The syntax element num_layers for region [i] can indicate the number of layers
associated with the 1-th sub- region. The syntax element sub_region layer id [1}[i] can ndicate
the layer id of the j-th layer associated with the i-th sub-region. The sub_region_offset x [i] and
sub_region offset v [i] can indicate a horizontal and a vertical location of the lefi-top comer of
the i-th sub-region, respectively. The sub region width [i] and sub _region_height [1] can indicate
the width and height of the 1-th sub-region, respectively.

[8413]  Inan embodiment, one or more syntax elements that specify the output layer set to
mdicate one of more layers to be cutput with or without PTL information may be signaled in a
high-level syntax structure, e.g. a VPS, a DPS, an SPS, a PPS, an APS or an SEI message.

[0414]  Referning to FIG 31, a syntax element num_output_layer sets indicating a number
of an output layer set (018} 0 a coded vide sequence referring to a VPS may be signaled in the
VPR, For each output layer set, a flag {e.g.

an output laver flag) may be signaled for sach of the

output layers,
{0415}  In an embodiment, the output laver flag {1} being equal to 1 can specify that the 1
thlayer 15 an output. The vps ocutput layer flag [1] being equal to O can specify that the i-th layer

1S 1ot an output.
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{0416]  In an embodiment, one or more syntax elements that specify the PTL information
for each output layer set may be signaled in a high-level syntax structure, e.g. a VPS, a DPS, an
SPK, a PPS, an APS or an SEl message. Referring to FIG. 31, the syntax element
num_profile tile level indicating the number of profile tier level information per OLS in the
coded vide sequence referring to the VPS may be signaled i the VPS. For each output layer set,
a set of syntax elements for PTL information or an index indicating specific PTL information
among entries in the PTL information may be signaled for each output layer.

{64177  In an embodiment, profile tier level idx [1}j] specifies the index, nto the fist of
profile tier level { ) syntax structures in the VP, of the profile tier level () syntax structure that
applies to the j-th layer of the i-th OLS,

{0418}  In an embodiment, referring to FIG. 32, the syntax elements
num_profile tile level and/or num output layer sets may be signaled when the number of
maximum layers is greater than 1 (vps_max layers minusi > 0}

{6419]  In an embodiment, referring to FIG. 32, the syntax element
vps_output_layers_mode {1] indicating the mode of output layer signaling for the i-th output laver
set may be present in VPS.

{84261  In an embodiment, vps_output layers mode {1} equal to O specifies that only the
highest layer is an output with the i-th output layer set. vps_output laver mode {1} equal to }
ta 2 specifies that the layers that are outputs are the layvers with vps _output laver flag [1][j] equal

to 1 with the i-th output laver set. More values may be reserved.

{8421]  In an embodiment, the output_layer flag [1][j] may or may not be signaled

{0422]  In an embodiment, referring to FIG. 32, the flag vps_ptl signal flag [1] may be
present for the 1-th output layer set. Depending on the value of vps ptl signal flag [1], the PTL
information for the i-th cutput layer set may or may not be signaled.

[8423]  In an embodiment, referring to FIG. 33, a number of subpictures {e.g., a
max_subpics minusl) in a current CVS may be signaled in a high-level syntax structure, eg. a

VPS8, a DPS, an 8PS, a PPS, an APS or an SEI message.
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{0424}  In an embodiment, referring to FIG. 33, the subpicture identifier {(e.g., sub pic id
{1} for the i-th subpicture may be signaled when a number of subpictures is greater than 1 (
max_ subpics munusl > 0}

{04251 In an embodiment, one or more syntax elements indicating the subpicture identifier
belonging to each layer of each output layer set may be signeled ina VPS. Referring to FIG. 34,
th output layer set. With the above information, a decoder may recognize which sub-picture may
be decoded and sutputted for each layer of a specific output layer set.

{0426}  In an embodiment, a picture header (PH)} 1s a syntax structure containing syntax
elements that apply to all slices of a coded picture. A slice header can be a part of a coded slice
containing the data elements pertaining to all tiles or CTU rows within a tile represented in the
slice. A picture unit (PU) 13 a set of NAL units that are assoctated with each other according to a
specified classification rule, are consecutive in a decoding order, and contain, for example,
exactly one coded picture. A PU may contain a picture header {(PH) and one or more VCL NAL
units composing a coded picture.

{04277 In an embodiment, an SPS (RBSP) may be available to a decoding process prior to
the 8PS being referenced, included in at least one AU with a Temporalld equal to 0 or provided
through external means.

{6428]  In an embodiment, an SPS (RBSP) may be available to the decoding process prior
to the SPS being referenced, included in at least one AU with the Temporalld equal to 0 in the
VS, which contains one or more PPS referring to the SPS, or provided through external means.

{6429]  In an embodiment, an SPS (RBSP) may be available to the decoding process prior
to the SPS being referenced by one or more PPS, included in at least one PU with nuh layer id
equal to the lowest nuh_layer id value of the PPS NAL units that refer to the SPS NAL unit in the
CVS, which contains one or more PPS referring to the SPS, or provided through external means.

10430}  In an embodiment, an SPS (RBSP) may be available to the decoding process prior
to the 8PS being referenced by one or more PPS, included in at least one PU with Teraporalld
equal to 0 and nuh_laver id equal to the lowest nuh_laver id value of the PPS NAL units that

refer to the SPS NAL unit or provided through external means,
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{8431}  In an embodiment, an SPS (RBSP} may be available to the decoding process prior
to the 8PS being referenced by one or more PP, included in at least one PU with Temporalld
refer to the 8PS NAL unit in the CVS, which contains one or more PPS referring to the SPS, or
provided through external means or provided through external means.

{6432]  Inanembodiment, a pps_seq parameter set id specifies a value of
sps_seq parameter set id for the referenced SPS. In an example, the value of
pps seq parameter set id may be the same in all PPSs that are referred to by coded pictures ina
CLVS.

{0433}  In an embodiment, all SPS NAL umiis with a particular value of

sps_seq parameter set id in a CVS may have the same content.

{6434]  In an embodiment, regardless of the nuh layer id values, 8PS WAL units may

share the same value space of sps_seq_parameter set 1d.

{0435}  In an embodiment, the nuh layer 1d value of 2 SPS NAL unit may be equal to the

{0437]  Inan embodiment, a PPS (RBSP) may be available to the decoding process prior
to the PPS being referenced, included in at least one AU with a Temporalld equal to the

Temporalld of the PPS NAL unit or provided through external means.

{0438]  Inan embodiment, a PPS (RBSP) may be available to the decoding process prior
to the PPS being referenced, included in at least one AU with a Temporalld equal to the
Temporalld of the PPS NAL unit in the CVS, which containg one or more PHs {(or coded slice
NAL unuts) referring to the PPS, or provided through external means.

{04391  In an embodiment, a PPS (RBSP) may be available to the decoding process prior
to the PPS being referenced by one or more PHs (or coded slice NAL units), included in at least

one PU with nuh _laver id equal to the lowest nuh laver id value of the coded slice NAL units
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that refer to the PPS NAL unit in the CVS, which contains one or more PHs {or coded slice NAL
units) referring to the PPS, or provided through external means.

{04407  In an embodiment, a PPS (RBSP) may be available to the decoding process prior
to the PPS being referenced by one or more PHs {or coded slice NAL units), included in at least
one PU with a Temporalld equal to the Temporalld of the PPS NAL unit and nuh layer id egual
the CVE, which contains one or more PHs {(or coded slice WAL units) refesring to the PPS, or
provided through external means.

{0441}  In an embodiment, a ph_pic parameter set id in a PH specifies the value of
pps_pic_parameter set id for the referenced PPS in use. The value of the
pps_seq parameter set id may be the same in all PPSs that are referred to by coded pictures ina
CLVS.

{0442]  In an embodiment, all PPS NAL units with a particular value of

pps_pic_parameter sei id within a PU may have the same content.

{6443]  In an embodiment, regardless of the nuh layer id values, PPS NAL units may

share the same value space of the pps_pic parameter set id.

{0444}  In an embodiment, the nuh layer id value of a PPS NAL unit may be equal to the
fowest nuh_layer id value of the coded slice NAL units that refer to the NAL unit. The NAL unit
refers to the PPS NAL unit.

{0448]  In an embodiment, when a PPS with nuh layer id equal to m is referred to by one
or more coded slice NAL units with a nuh_layer id equal to », the layer with the nuh layer id
equal to m may be the same as the layer with the nuh layer id equal to # or a (direct or indirect)
reference laver of the layer with the nuh layer id equal to m.

{6446]  In an embodiment, a PPS (RBSP) may be available to the decoding process prior
to the PPS being referenced, included in at least one AU with the Temporalld equal to the
Temporalld of the PPS NAL unit or provided through external means.

{0447  In an embodiment, a PPS (RBSP) may be available to the decoding process prior
to the PPS being referenced, included in at least one AU with the Temporalld equal to the
Temporalld of the PPS NAL unit in the CVS, which contains one or more PHs {or coded slice

NAL units) referring to the PPS, or provided through external means.
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{0448}  In an embodiment, a PPS (RBSP) may be available to the decoding process prior
to the PPS being referenced by one or more PHs (or coded slice NAL units}, included in at least
one PU with the nub laver id equal to the lowest noh laver id value of the coded slice NAL
uniis that refer to the PPS NAL unit in the CVS, which contains one or more PHs {or coded slice
NAL uvnits} referring to the PPS, or provided through external means.

{04491  In an embodiment, a PPS (RBSP) may be available to the decoding process prior
to the PPS being referenced by one or more PHs (or coded slice NAL units}, included in at least
equal 1o the lowest nuh_laver id value of the coded slice NAL units that refer to the PPS NAL
unit in the CVS, which contains one or more PHs {or coded slice NAL uruts) referring to the PPS,
or provided through external means.

10450}  In an embodiment, ph pic parameter set id in a PH specifies the value of the
pps_pic_parameter set id for the referenced PPS in use. The value of pps_seq_parameter set id

may be the same in all PPSs that are referred to by coded pictures ina CLVS.

{0451} In an embodiment, all PPS NAL uniis with a particular value of

pps_pic_parameter set i1d within a PU may have the same content.

{04521  In an embodiment, regardless of the nuh layer id values, PPS NAL units may
share the same value space of pps_pic_parameter set id.

{0453}  In an embodiment, the nuh layer id value of a PPS NAL unit may be equal to the
fowest nuh layer 1d value of the coded slice NAL units that refer to the NAL unit that refer to the
PPS NAL unit.

reference laver of the layer with nuh layer id equal to m.

{6455] An output layer indicates a layer of an output laver set that 1s an output. An output
layer set {OLS) indicates a set of layers including a specified set of layers, where one or more
tayers i the set of layers are specified to be output layers. An OLS laver index is an index of a

layer in an OLS. The OLS layer index can point to the list of layers in the OLS.



WO 2021/207023 PCT/US2021/025559

{64536] A sublayer indicates a temporal scalable laver of a temporal scalable bitstream
inchiding VCL NAL units with a particular value of the Temporalid variable and the associated
non-VCL NAL units. Sublayer representation indicates a subset of the bitstream including NAL
uniis of a particular sublayer and the lower sublayers.

{6457] A VPS5 RBSP may be available to the decoding process prior to the VPS RBSP
being referenced, included in at least one AU with a Temporalld equal to O or provided through
external means. A VPS NAL units with a particular value of vps video parameter set idina
CVS may have the same content.

{04581 A wvps video parameter set id provides an identifier for the VPS for reference by
other syntax elements. The value of vps_video parameter set id may be greater than .

{04597 A vps max layers nunusi plus 1 specifies the maximum allowed number of layers
in each CVS referring to the VPS.

{04687 A vps max sublayers minus! plus 1 specifies the maximum number of temporal
sublayers that may be present in a layer in each CVS referring to the VPS. The value of
vps max sublayers minus! may be in the range of 0 to 6, inclusive.

{8461}  Inanexample aflag {eg, avps all layers same num sublayers flag) equalto 1
specifies that the number of temporal seblayers 15 the same for all the lavers in each CVS
referring to the VPS. The flag (e.g, the vps_all layers same num sublayers flag)equalto O
specifies that the layers in each CVS referring to the VPS may or may not have the same number
of temporal sublayers. When not present, the value of the flag (e.g,, the

{0462}  Aflag{eg., avps all independent lavers flag) equal to 1 specifies that all layers
in the CVS are independently coded without using inter-layer prediction. The flag (e g, the
vps_all independent layers flag) equal to O specifies that one or more of the layers in the CVS
may use inter-layer prediction. When not present, the value of the flag {(e.g., the

vps_all independent lavers flag) is inferred to be equalto 1.
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vps max lavers nmunusl, inclusive, it is mferred to be equal to 0. When

vps independent layer flag [i] is equal to O, there may be at least one value of | in the range of 0

{8466]  The variables NumDirectRefLavers [i], DirectRefLayeridx [1][d], NumRefLayers
{1}, RefLaverldx [1}{r], and LayerUsed AsRefLayerFlag [j] can be derived as follows:

dependencyFlag| 1 }{ 1 | = vps_direct ref layer flagl 1 ][ 1]
forlk =0, k<t k++3}
i vps_direct_ref layer flagl 1] k ] && dependencyFlagl ki1 D
dependencyFlagi 1 ]{11=1
;
LayerUsedAsRefLayerFlagf 1} =0
H
for{ 1=0; 1 <= vps_max_layers minusl; i++} {
for j =0, d=0, r=0; ] <= vps_max_layers nunust; y++ ) §
i vps_direct ref layer flag{ 111 {
DhrectRefLayerldx] 1 ] d++ 1=
LayerUsedAsRefLayerFlagf ;1= 1
;
i dependencyFlag{ i [ 1 1)
ReflLayerdds] 1} o++ 1=

80
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NumbBhirectReflayers] 1] = d
NumRefLayersf 1 | =1
$
{8467] The variable Generallaveridx [1], specifying the layer index of the layer with
nuh layer 1d equal to vps layer id 1], can be derived as follows:
for(1=0;1<=vps max layers minusl; t++)
Generallaverlds] vps Jayer wd] 1] =1
[6468]  Inan example, for any two different values of 1 and §, both m the range of G to
vps max_fayers minusl, mclusive, when a flag {e.g., a dependencyFlag [i{[j1} equals to 1. A
requirement of bristream conformance can be that the values of chroma_format 1de and
bit_depth minus8 that apply to the i-th laver may be equal to the values of chroma format idc
and bit_depth _minus8, respectively, that apply to the j-th layer.
[8469]  wax tid ref present flag {1} equal to 1 can specify that the syntax element
max_ tid il ref pics plusl{i] is present. max_tid ref present flagfi] equal to O can specify that

the syntax element max tid il ref pics pluslii]is not present

{84767  max tid i} ref pics plusi{ i | equal to O can specify that inter-layer prediction is

not used by non-IRAP pictures of the i-th layer. max tid i ref pics plusi [i] greater than 0 can
specify that, for decoding pictures of the -th layer, no picture with Temporalld greater than
max tid il ref pics plusl [ij-1 is used as ILRP. When not present, the value of

max tid il ref pics plus? {1} is inferred o be equal to 7.

to be equal 1o 0.

{04721  ols mode idc equal to 0 can specify that the total number of OLSs specified by the

from 0 to 1, inclusive, and for each OLS only the highest layer in the OLS is output.
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{64731 ols mode idc equal to 1 can specify that the total number of OLSs specified by the
from O to 4, inclusive. For each OLS, all layers in the OLS are outputs.

{84741  ols mode idc equal to 2 can specify that the total number of OLSs specified by the
VPS 15 explicitly signaled and for each OLS, the ouiput layvers are explicitly signaled and other
fayers are the lavers that are direct or indirect reference layers of the output layers of the OLS.

{647 5] The value of ols_mode 1dc may be in the range of 0 t0 2, inclusive. The value 3 of
ols mode idc can be reserved for certain video coding technologies or standards, for example, by
ITU-T or ISO/IEC.

{86476] Whenaflag(e.g, a vps_all independent lavers flag)isequalto 1 andaflag (e g,

{6477] num output layer sets munusi plus 1 can specify the total number of OLSs
specified by the VPS when ols mode 1de is equal to 2.
{0478] The variable TotalNumQOlss, specifying the total number of OLSs specified by the
VPS8, can be derived as follows:
i#{ vps_max layers minusl === 0}
TotalNumClss = 1
TotalNumOiss = vps max layers minust + 1
else if{ ols mode de==2}

vps_laver id [j]is not an output layer of the 1-th OLS when ols_mode idc is equal to 2.

{6488] The variable NumOutputLaversinQls {1}, specifying the number of output layers
m the i- th OLS, the variable NumSubLayersinLayerinOLS [11{}], specifying the number of
sublavers i the j-th layer in the +-th OLS, the variable QutputLayerldinOls [11]3], specifying the
LaverUsedAsCutputLaverFlag [k}, specifying whether the k-th layer is used as an cutput layer
m at least one OLS, can be derived as follows:
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NumQutputi ayersinQOls] 0 =1

LayerUsed AsQuiputlLayerFlag] 1] =1
else /*( teach laver is an ols flag && ols mode idc==2)%
LayerUsed AsQutputLayerFlag][ 1] =0
$
for{ 1=1; 1 < TotalNumOlss; 1++)
if{ each layer 15 an ols flag 1 1ols mode 1dc==0){
NumGutputLayerslnQGls[ 1§ = |
CutputLaverldinQls] 1 { 0 1 = vps_laver 1df 1]
for(j=0; 1 <1 && {ols_mode dec==0}; j++)
NomSublayersinbayerlnOLS] 1} j | = max_td il ref pics plusifi]
NumSubLayersinLayerlnOLS[ 1 1 1 ] = vps_max sub layers minust + 1
$else f{ ols_mode_tde==1}{
NumQOutputbayerstuQlsf 1 ] =1+ 1
for(j = 0, j < NumOutputLayersinOis] 1 | j++ 3 {
QutputLayeridinOls{ 1 }[ 1 ] = vps_layer 1df 1 ]
NomSebLayersinLayerlnOLS] 1] j | = vps_max_seb layers minusi + 1
H
} else if{ ols_mode 1de==2} {
layerincludedinOlsFlagf 1 {1 1=0
NumSubLayersinLayerinQLS[ 1 ][ 11=0

}

for( k=0, =0; k <= vps_max_layers minusl; kt+)
f{ ols output layer flagl 1 k1) ¢
layerincludedinGlsFlagf 1 [ k =1
LayerUsedAsOutputLaverFlag{ k1 =1
83
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Outputbayerlds]{ 1 Hj]=k
OutputLayerldnOls[ 1 )] 74+ 1= vps_layer id[ k ]
NumSublayersinbayerinGLS{ 1 }] 1 ] =vps_max sub layers nunusl + 1
}
NumOQOutputbayersinQOls[ 1] =
for{ j = 0; j < NumOutputLayersinOls{ i |; j++ ) {
dx = OutputLayerld=f 1 §{ ]
for( k= 0; k < NumRefLayers| idx |, k++ ) {
layerincludedinGlsFlagf 1 || RefLayerldxf wdx J[ k] J=1
i NumnSubLayersinLayerinOLS[ 1 }] RefLayerldx[ idx [k} <
max_tid_il ref pics plusi] OutputlayerldinOls[ 1 ][ 11}
NumSubLayersinLayerinOLS[ 1 J[ RefLayerldx[ idx [k 1]1=
max_tid_il_ref pics_plusi| OutputLayeridloOls[ 1 1[11]

ranens

3
5

{04817  For each value of 1 in the range of 0 to vps_max_lavers minusl, inclusive, the
values of LaverUsedAsRefLayerFlag [1] and LayerUsedAsOutputLayerFlag [1] may not be both
equal to 0. Thus, there may be no layer that 1s neither an output layer of at feast one OLS nora
direct reference layer of any other layer.

[6482]  For each OLS, there may be at least one layer that is an output layer. Thus, for
any value of 1 1n the range of 0 to TotalNumQlss ~ 1, mclusive, the value of
NumOutputLayersinOis {1] may be greater than or equal to 1.

[0483]  The variable NumbLayersinOls] 1 |, specifying the number of layers 1 the i-th
OLS, and the variable LayerldInOls] 1 1{ 1, specifving the nuh_Jayer 1d value of the j-th layer in
the i-th QLS are derived as follows:

NomLayersinQOls{ 0 ] =1
LayerldinOls]{ 0 }J{ 0 }=vps_layer 1d{ O]
for( 1= 1; 1 < TotalNumOlss; i++} {

iff each layer 15 an ols flag) {

NumPayersin{Oisl 1 ] =1
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LayerldInGls{ 1 }f O ] = vps_layer idf 1]
} else if{ ols mode ide==011ols mode idc==1}{
NumbayershnQOlsf1 | =1+ 1
for( ;= 0; j < NumLayersinQOls] 1 }; j++)
LayerldinQls[ 1 1 ; } = vps layer 1d{ ;1]
} else if{ ols mode 1de==2}{
for( k=0, 1= 0; k <=vps max layers munusl; k++ ) f{ layerincludedinOlsFlagf 1 }{ k
b
LayerldinQis] 1 )] j++ 1= vps_layer 1d] k |
NumLayersinOlsf 1 } =
H

{0484}  The variable OlsLayeridx [1}[j], specifying the OLS layer index of the layer with
nuh layver 1d equal to LayerldinOls [1}{j], can be derived as follows:

for( 1=0; 1 < TotalNamOlss; i++ )
for j = 0; j < NumbayersinGlsfi]; j++}
OlsLayerldx{ 1 [| LayerldinOis{i}[ji] =

{0485}  The lowest layer in each OLS may be an independent layer. Thus, for eachim
the range of 0 to TotalNurmOiss ~ 1, inclusive, the value of vps_independent layer flag]
GeneralLayerldx| LayerldinGls [1}[01}] may be equal to L.

{0486]  Each layer may be included in at least one OLS specified by the VPS., Thus, for
each laver with a particular value of nuh_layer 1d nubLayerld equal to one of vps layer 1d [k]
for k in the range of 0 to vps_max layers minusi, inclusive, there may be at least one pair of
values of 1 and j, where 1 15 in the range of 0 to TotalNumOlss - 1, inclustve, and j is in the range
of NumbayersinQOls [1] - 1, inclusive, such that the value of LayerldinGls [i}[i] is equal to
nuhlayerld.

{04877  In an embodiment the decoding process operates as follows for the current
picture CurrPic:

PictureQutputFlag is set as follows:
if one of the following conditions is true, PictureCutpuiFlag is set equal to O

— the current picture 1s a RASL picture and NoOutputBetoreRecoveryFlag of
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the associated IRAP picture s equal to 1.
gdr_enabled flag i1s equal to 1 and the current picture is a GDR picture
with NoQutputBeforeRecoveryFlag equal to 1.
edr _enabled flag is equal to 1, the current picture is associated with a
GDR picture with NoQOutputBeforeRecoveryFlag equal to 1, and
PicOrderCntVal of the current picture is less than RpPicOrderCntVal of
the associated GDR picture.
sps_video parameter set id is greater than O, ols_mode idc 15 equal to
0 and the current AU contains a picture picA that satisfies all of the
following conditions:
- PicA has PictureOutputFlag equal to 1.
- PicA has nuh layer id nuhlid greater than that of the current picture.
- PicA belongs to the output layer of the OLS (i ¢,
CutputLayerldinOls| TargetOlsldx }{ 0 ] 1s equal to
nuhbid).
sps_video parameter set id is greater than 0, ols_mode ide s equal
to 2, and
ols_output layer flagl TargetOlsldx § Generallayerldx| vub_layer 1d }}]

is equal to 0.

Otherwise, PictureOutputFlag is set equal to pic_output flag.
After ali shices of the current picture are decoded, the current decoded picture

is marked as "used for short-term reference”, and each ILRP entrv in RetPicList [0] or

RefPiclast [1] 15 marked as "used for short-term reference”.

[0489]

In an embodiment, when each layer is an output layer set, a PictureQutputFlag

is set equal to a pic_output_flag, regardless of the value of ols_mode idc.

[6490]

In an embodiment, PictureCutputFlag 15 set equal to 0 when

sps_video parameter set 1d 15 greater than 0, each layer is_an ols_flag is equal to

0, ols mode ide 15 equal to O and the current AU containg a picture picA that

satisfies all of the followimg conditions: PicA has PictureOutpuifiag equal to 1,

PicA has nubh layer 1d nuhlid greater than that of the current picture and PicA
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belongs to the output laver of the OLS (i.e, OutputLayerldlnOls [TargetOlsldx][0]

is equal to nuhlid)

{6491} In an embodiment, PictureOutputFlag 15 set equal to 0 when
sps_video parameter set i1d 15 greater than 0, each layer 1s an ols flagis equal to
0, ols mode ide 18 equal o 2, and ols_output layer flag
[TargetOlsldx}{GeneralLayerldx{nub laver 1d}] is equal to 0.

{6492]  FIG 35 shows an example of a syotax structure of a VPS RBSP.

The syntax structure shown in FIG. 35 1s smutlar to the syntax structure shown in
FIG. 34, and thus detailed descriptions are omitted for purposes of brevity,

{6493]  The techniques described above (e.g., the technigues for signaling constraints
flags, adaptive resolution parameters, and/or the like) can be implemented as computer software
using computer-readable mstructions and physically stored in one or more computer-readable
media. For example, FIG. 36 shows a computer system {3600) suitable for implementing certain
embodiments of the disclosed subject matter.

{34941 The computer software can be coded using any suitable machine code or
computer language, that may be subject to assembly, compilation, linking, or like mechanisms to
create code comprising instructions that can be executed directly, or through interpretation,
micro-code execution, and the like, by one or more computer central processing units (CPUs},
Graphics Processing Units {GPUs), and the Like.

{8493}  The instructions can be executed on various types of computers or components
thereof, including, for example, personal computers, tablet computers, servers, smartphones,
gaming devices, internet of things devices, and the like.

{6496]  The components shown in FIG. 36 for computer system (3600} are exemplary in
nature and are not intended o suggest any himitation as to the scope of use or functionality of the
computer software implementing embodiments of the present disclosure. Neither should the
configuration of compounents be uderpreted as having any dependency or requirement refating to
any one or combination of components ilustrated in the exemplary embodiment of a computer
system {3600},

[6497]  Computer system {3600) may include certain human interface input devices.

Such a human interface input device may be responsive to input by one or more human users
through, for example, tactile input (such as: keystrokes, swipes, data glove movements), audio
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mput {such as: voice, clapping), visual input (such as: gestures), olfactory 1oput {not depicted).
The human mierface devices can also be used {0 capture certain media not necessarily direcily
related to conscious input by a human, such as audio {(such as: speech, music, ambient sound),
images (such as; scanned umages, photographic images obtain from a still image camera}, video
{such as two-dimensional video, three-dimensional video including steresscopic video).

{0498] Input human interface devices may mclude one or more of {(only one of each
depictedy keyboard (3601}, mouse (3602}, trackpad {3603}, touch screen (3610}, data-glove {not
shown}, joystick {3605}, microphone {3606}, scanner (3607}, camera (3608},

{8499]  Computer system (3600) may also include certain human interface output devices.
Such human interface output devices may be stimulating the senses of one or more human users
through, for example, tactile output, sound, light, and smell/taste. Such human interface output
devices may include tactile output devices (for example tactile feedback by the touch-screen
{3010}, data~glove {not shown}, or joystick {3603}, but there can also be tactile feedback devices
that do not serve as input devices), audio output devices {such as: speakers (3609}, headphones
{not depicted)), visual output devices (such as screens (3610} to mnclude CRT screens, LCD
screens, plasma screens, OLED screens, each with or without touch-screen input capability, each
with or without tactile feedback capability—some of which may be capable to output two
dimensional visual output or more than three dimensional output through means such as
stereographic output; virtual-reality glasses (not depicted), holographic displays and smoke tanks
(not depicted)), and printers {not depicted).

{0566]  Computer system (3600) can also include human accessible storage devices and
thetr associated media such as optical meda ncluding CD/DVD ROM/RW (36203 with
CD/DVD or the like media (3621), thumb-drive {3622}, removable hard drive or solid state drive
(3623), legacy magnetic media such as tape and floppy dise (not depicted), specialized
ROM/ASIC/PLD based devices such as security dongles {not depicted), and the ike.

{0361]  Those skilled 1u the art should also understand that term “coroputer readable
media” as used m connection with the presently disclosed subject matter does not encompass
transmission media, carrier waves, or other ransitory signals,

{6562]  Computer system (3600) can also mclude an interface (3654} to one or more
communication networks (3635}, Networks can for example be wireless, wireline, optical,

Networks can further be local, wide-area, metropolitan, vehicular and mdustnial, real-time, delay-
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tolerant, and so on. Examples of networks include local area networks such as Ethernet, wireless
LANs, cellular networks to include GSM, 3G, 4G, 5G, LTE and the like, TV wireline or wireless
wide area digital networks to mclude cable TV, satellite TV, and terrestrial broadeast TV,
vehicular and idustrial to mclade CANBus, and so forth. Certain networks commonly require
external network interface adapters that attached to certain general purpose data ports or
peripheral buses (3649} (such as, for example USB ports of the computer system (3600)); others
are commonly integrated inio the core of the computer system (3600} by attachment o a system
bus as deseribed below (for example Ethernet interface into a PC computer system or cellular
network inferface into a smariphone computer system}. Using any of these networks, computer
system (3600) can communicate with other entities. Such communication can be uni-directional,
receive only (for example, broadcast TV}, uni-directional send-only {for example CANbus to
certain CANbus devices), or bi-directional, for example to other computer systems using local or
wide area digital networks. Certain protocols and protocol stacks can be used on each of those
networks and network interfaces as described above.

{8563]  Aforementioned human mterface devices, human-accessible storage devices, and
network interfaces can be attached to a core (3640} of the computer system {3600}

{6504]  The core {3640) can include one or more Central Processing Units (CPU) (3641),
Graphics Processing Units {(GPU) (3642), specialized programmable processing units in the form
of Field Programmable Gate Areas (FPGA) (3643), hardware accelerators for certain tasks
(3644), graphics adapters (~~50}, and so forth. These devices, along with Read-only memory
{(ROM) (3643), Random-access memory (3646}, internal mass storage such as internal non-user
accessible hard drives, S8Ds, and the like (3647), may be connected through a system bus
(3648). In some computer systems, the system bus (3648) can be accessible in the form of one
or more physical plugs to enable extensions by additional CPUs, GPU, and the like. The
petipheral devices can be attached either divectly to the core’s system bus (364R8), or through a
peripheral bus (3649}, In an example, the screen (3610) can be connected to the graphics adapter
{3650} Architectures for a peripheral bus include PCI, USE, and the like,

{8303]  CPUs (3641), GPUs (3642), FPGAs (3643), and accelerators (3644) can execute
certain 1structions that, in combination, can make up the aforementioned computer code. That
computer code can be stored in ROM (3645} or RAM (3646). Transitional data can be also be

stored in RAM (3646}, whereas permanent data can be stored for example, i the imternal mass
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storage {3647}, Fast storage and retrieve to any of the memory devices can be enabled through
the use of cache memory, that can be closely associated with one or more CPU {3641), GPU
{3642), mass storage {3647}, ROM (3645}, RAM (3646}, and the like.

{8566]  The computer readable media can have computer code thereoun for performing
varipus computer-implemented operations. The media and computer code can be those specially
designed and constructed for the purposes of the present disclosure, or they can be of the kind
well known and available to those having skill in the computer software arts.

{8567]  As an example and not by way of Hmitation, the computer system having
architecture {3600}, and specifically the core {3640} can provide functionality as a result of
processor(s) (including CPUs, GPUs, FPGA, accelerators, and the like} executing software
embodied in one or more tangible, computer-readable media. Such computer-readable media
can be media associated with user-accessible mass storage as introduced above, as well as certain
storage of the core (3640} that are of non-transitory nature, such as core-internal mass storage
(3647} or ROM (3645). The software implementing various embodiments of the present
disclosure can be stored i such devices and executed by core (3640). A computer-readable
medium can include one or more memory devices or chips, according to particular needs. The
software can cause the core (3640} and specifically the processors therein (including CPU, GPU,
FPGA, and the like) to execute particular processes or particular parts of particular processes
described herein, including defining data structures stored in RAM (3646) and modifying such
data structures according to the processes defined by the software. 1n addition or as an
alternative, the computer system can provide functionality as a result of logic hardwired or
otherwise embodied 1n a circut (for example: accelerator {3644)}, which can operate in place of
or together with software to execute particular processes or particular parts of particular
processes described herein. Reference to software can encompass logic, and vice versa, where
appropriate. Reference to a computer-readable media can encompass a circuit {such as an
ntegrated circuit (IC)) storing software for execution, a circuit embodying logic for execution, or
both, where appropriate. The present disclosure encompasses any suitable combination of
hardware and software.

Appendix A: Acronyms
JEM: jont exploration model

VVC: versatile video coding
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BMS: benchmark set

MV: Motion Vector

HEVC: High Efficiency Video Coding
SEI: Supplementary Enhancement Information
VUL Video Usability Information
GOPs: Groups of Pictures

TUs: Transform Units,

PUs: Prediction Units

{TUs: Coding Tree Units

CTBs: Coding Tree Blocks

PBs: Prediction Blocks

HRD: Hypothetical Reference Decoder
SNR: Signal Noise Ratio

CPUs: Central Processing Units

GPUs: Graphics Processing Uniis
CRT: Cathode Ray Tube

LCD: Liquid-Crystal Display

OLED: Organic Light-Emitting Diode
CD: Compact Disc

DVD: Digital Video Disc

ROM: Read-Only Memory

RAM: Random Access Memory

ASIC: Application-Specific Integrated Circnt
PLD: Programuoable Logic Device

LAN: Local Area Network

GSM: Global System for Mobile communications

LTE: Long-Term Evolution

CANBus: Controller Area Network Bus
USB: Universal Serial Bus

PCI: Peripheral Component Interconnect

FPGA: Field Programmable Gate Areas
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SSD: sohid-state drive
IC: Integrated Circwt
CU: Coding Unit

{0568]  Whle thus disclosure has described several exemplary embodiments, there are
alterations, permutations, and various substitute equuivalents, which fall within the scope of the
disclosure. It will thus be appreciated that those skilled in the art will be able to devise numerous
systems and methods which, although not explicitly shown or described herein, embody the

principles of the disclosure and are thus within the spirit and scope thereof.
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WHAT IS CLAIMED IS

i A method of video decoding i a decoder, comprising:

obtaiming a gate flag for each of at least one constraint wnformation group 1 constrami
mformation signaled in a coded video bitstream, each gate flag indicating whether a constraint
mformation group of the at least one constraint mformation group corresponding to the
respective gate flag s present m the constramt information, the constraint information being for a
subset of coding blocks in the coded video bitstream,

determining, based on the gate flag of the constraint information group of the at least one
constraint information group, whether the constraint information group of the gate flag 1s present
in the constraint information, the consiraint information group of the gate flag including at least
one constraint flag for the subset of coding blocks;

determining prediction information for the subset of coding blocks based on whether the
constraint information group of the gate flag is present in the constraint information; and

reconstructing the subset of coding blocks based on the prediction information.

2. The method of claim 1, wherein

the constraint information group of the gate flag 15 determined to be present in the
constraint information; and

the determining the prediction information includes determining the prediciion
information for the subset of coding blocks based on the at least one constraing flag in the

constraint information group of the gate flag.

3. The method of claim 1, wherein
the constraiut information group of the gate flag is determined not to be present in the

constraint information.

4. The method of clavm 1, wherein each gate flag indicates that the constraing
mformation group corresponding 1o the respective gate flag 15 not present in the constraint

nformation, and no constraint flags are present in the constraint information.

\O
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5. The method of clann 1, wherein the constraint information 1s present in a high
fevel syuntax for at least one piciure, and the subset of coding blocks includes coding blocks 1 the
P gl gl

at least one picture.

6. The method of claim 1, wherein
one or more of the at least one constraint information group are present i the coded
video bitstream,
a plurality of constraint flags in the one or more of the at least one constraint information
group is signaled according to a predetermined order, and
the determining the prediction information further includes
run-decoding the plurality of constraint flags; and
determining the prediction informaiion for the subset of coding blocks based on

the plurality of constraint flags.

7. The method of claim 2, wherein

the at least one consiraint flag in the constraint information group of the gate flag
mchudes a plurality of constraint flags signaled according to a predetermined order, and

the determining the prediction mformation further includes run-deceding the plurality of

constraint flags.

. The method of claim 2, wherein
an offset and a length are present in the constraint iformation indicating that the at least
one constraint flag in the constraint information group of the gate flag 13 present 1o the constraint

information.

9. The method of claim |, wherein

one or more of the at least one constraint information group are present in the coded
video bitstream;

for each of the one or more of the at least one constraint information group, an offset and
a length are present in the constraint information ndicating that at least one constraint flag in the
respective one of the one or more of the at least one constraint juformation group is present in the

constraint mformation; and

54



WO 2021/207023 PCT/US2021/025559

a number of the offsets is signaled in the coded video bitstream.

10. The method of claim 1, wherein

one or more of the at least one constraint mformation group are present in the coded
video bitstream,

one or more syntax elements in the constraint information are byte aligned, the one or
more syntax elements mcluding the gate flag for each of the at least constraint information group
and a plurality of constraint flags in the one or more of the at least one constramnt information

group.

it An apparatus for video decoding, comprising processing circuitry configured to

obtain a gate flag for each of at least one constraint information group in constraint
mformation signaled in a coded video biistream, each gate flag indicating whether a constraint
mformation group of the at least one constraint information group corresponding to the
respective gate flag is present in the constraint information, the constraint information being for a
subset of coding blocks in the coded video biistream;

determine, based on the gate flag of the constraint information group of the at least one
constraint information group, whether the constramt mformation group of the gate flag is present
m the constraint information, the constraint information group of the gate flag imcluding at least
one constraint flag for the subset of coding blocks;

determine prediction information for the subset of coding blocks based on whether the
constraint information group of the gate flag 1s present in the constraint information; and

reconstruct the subset of coding blocks based on the prediction information.

2. The apparatus of claim 11, wheremn

the constraint information group of the gate flag is determined to be present 1o the
constraint information; and

the processing circuitry is configured to determine the prediction information for the
subset of coding blocks based on the at least one constraint flag in the constraint nformation

group of the gate flag.

13 The apparatus of clamm 11, wherein
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the constraint nformation group of the gate flag 1s determined not to be present in the

constraint information.

4. The apparatus of claim 11, wherein each gate flag indicates that the constramt
mformation group corresponding to the respective gate flag 15 not present in the constraint

mformation, and no constraint flags are present in the constraint information.

iS. The apparatus of claim 11, wherein the constraint information is present in a high
fevel syntax for at least one picture, and the subset of coding blocks includes coding blocks in the

at least one picture.

16. The apparatus of claim 11, wherein
one or more of the at least one constraint information group are present in the coded
video bitstream,
a plurality of constraint flags in the one or more of the at least one constraint information
group 1s signaled according to a predetermined order, and
the processing circuttry is configured to:
run-decode the plurality of constraint flags; and
determine the prediction information for the subset of coding blocks based on the

plurality of constraint flags.

17 The apparatus of claim 12, wherein
the at least one constraint flag m the constraint information group of the gate flag
mcludes a plurality of constraint flags signaled according to a predetermined order, and

the processing circuitry is configured to run-decode the plurality of constraint flags.

IR The apparatus of claim 12, wheremn
an offset and a length are present in the constraint information indicating that the at least
one constraint flag in the constraint information group of the gate flag s present in the constraint

mformation.

19 The apparatus of claim 11, wheremn
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one or more of the at least one constraint information group are present in the coded
video bitstream,

one or more syntax elements in the constramnt information are byte aligned, the one or
more syntax elements including the gate flag for each of the at least constraint information group
and a plurality of constraint flags in the one or more of the at least one constraint information

Sroup.

20. A non-transitory computer-readable storage medium storing instructions
executable by at least one processor to perform:

obtaining a gate flag for each of at least one constraint information group in constraint
mformation signaled in a coded video biistream, each gate flag indicating whether a constraint
mformation group of the at least one constraint information group corresponding to the
respective gate flag is present in the constraint information, the constraint information being for a
subset of coding biocks in the coded video bitstream;

determining, based on the gate flag of the constraint information group of the at least one
constraint mformation group, whether the constraint information group of the gate flag is present
m the constraint information, the constraint information group of the gate flag mcluding at least
one constraint flag for the subset of coding blocks;

determining prediction information for the subset of coding blocks based on whether the
constraint information group of the gate flag is present in the constramnt information; and

reconstructing the subset of coding blocks based on the prediction information.
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