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Signaling of Picture Header in Video Coding

CROSS-REFERENCE TO RELATED APPLICATIONS

[6001] This patent application claims the benefit of US. Provisional Patent Application No.
62/905,150 filed September 24, 2019, by Fnu Hendry, et al, and titled “Signalling of Picture

Header in Video Coding,” which is hereby incorporated by reference.
TECHNICAL FIELD

{6002} In general, this disclosure describes techniques for determining the starting point of a
picture in a bitstream in video coding. More specifically, this disclosure ensures that the starting

point of the picture may be accurately determined within a multi-layer bitstream in video coding,
BACKGROUND

{0063] The amount of videc data needed to depict even a relatively short video can be
substantial, which may result in difficulties when the data is to be streamed or otherwise
communicated across a conmumunications network with limited bandwidth capacity. Thus, video
data is generally compressed before being communicated across modern day telecommunications
networks. The size of a video could also be an issue when the video s stored on a storage device
because memory resources may be Hmited. Video compression devices often use sofiware and/or
hardware at the source to code the video data prior to transmission or storage, thereby decreasing
the quantity of data needed to represent digital video images. The compressed data is then
received at the destination by a video decompression device that decodes the video data. With
himited network resources and ever increasing demands of higher video quality, improved
compression and decompression technigues that improve coropression ratio with little to no

sacrifice in image quality are desirable.
SUMMARY

j6004] A first aspect relates to a method of decoding implemented by a video decoder,
comprising: receiving, by the video decoder, a video bitstream including a picture unit (PU), the
PU including a picture header (PH} network abstraction layer (NAL) unit preceding a first video
coding layer (VCL) NAL unit; and decoding, by the video decoder, a coded picture from the PU

to obtain a decoded picture.
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[6005] The method provides techniques that ensure a picture header (PH) network abstraction
layer {(NAL) unit precedes a first video coding layer (VCL) NAL unit in a picture unit (PU).
This establishes the association between a picture header (PH) in the PH NAL unit and slices of a
picture associated with the PH without having to signal a PH identifier (I} in the PH. By not
signaling the PH 1D, one or more bits may be removed from the bitstream for each picture, which
adds up over a long video sequence. By eliminating these bits, coding efficiency is improved. In
addition, the encoder/decoder can easily infer that all YCL NAL units between two picture headers
belong to the same picture, that the picture is associated with the first PH between the two PHs,
and that the first VCL NAL unit that follows a PH contains the first slice of the picture associated
with the picture header. Thus, the coder / decoder (aka, “codec”) in video coding is improved
relative to current codecs. As a practical matter, the improved video coding process offers the user
a better user experience when videos are sent, received, and/or viewed.

{0006}] Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the PU includes only one picture header (PH), and wherein the coded picture is the
only picture in the PU.

{6007} Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the PH NAL unit in the PU precedes each VCL NAL unit in the PU inclusive of a
first VCL NAL unit of the PU.

[6008] Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the first VCL NAL uuit includes a slice of the coded picture.

0009 Optionally, in any of the preceding aspects, ancther implementation of the aspect
provides that the PH NAL unit 18 a non-VCL NAL unit.

[6018] Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the PH NAL unit includes the only one PH.

6011} Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the only one PH in the PH NAL unit includes syntax elements that apply to all
stices of the coded picture.

{0012} Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the first VCL NAL onit is an initial VCL NAL unit o the PU.

0013} Optionally, in any of the preceding aspects, another implementation of the aspect

provides that displaying the decoded picture on a display of an electronic device.
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[6014] A second aspect relates to a method of encoding implemented by a video encoder, the
method comprising: generating, by the video encoder, a picture unit (PU) including a picture
header (PH) network abstraction layer (NAL) unit preceding a first video coding layer (VCL)
NAL unit; encoding, by the video encoder, the PU into a video bitstream; and storing, by the
video encoder, the video bitstream for communication toward a video decoder.

{6015] The method provides techniques that ensure a picture header (PH) network abstraction
layer {(NAL) unit precedes a first video coding layer (VCL) NAL unit in a picture unit (PU).
This establishes the association between a picture header (PH) in the PH NAL unit and slices of a
picture associated with the PH without having to signal a PH identifier (1D} in the PH. By not
signaling the PH ID, one or more bits may be removed from the bitstream for each picture, which
adds up over a long video sequence. By eliminating these bits, coding efficiency is improved. In
addition, the encoder/decoder can easily infer that all VCL NAL units between two picture headers
belong to the same picture, that the picture is associated with the first PH between the two PHs,
and that the first VCL NAL unit that follows a PH contains the first slice of the picture associated
with the picture header. Thus, the coder / decoder (aka, “codec”) in video coding is improved
relative to current codecs. As a practical matter, the improved video coding process offers the user
a better user experience when videos are sent, received, and/or viewed.

jeeis] Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the PU includes only one picture header (PH) and a coded picture, and wherein the
coded picture is the only picture in the PU.

j6017] Optionally, in any of the preceding aspects, ancther implementation of the aspect
provides that the PH NAL unit in the PU precedes each VCL NAL unit in the PU inclusive of the
first VCL NAL unit.

[6018] Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the first VCL NAL unit includes a slice of the coded picture.

0019} A third aspect relates to a decoding device. The decoding device includes a recetver
configured to receive a video bitstream including a picture unit (PU}, the PU including a picture
header (PH) network abstraction layer (NAL) unit preceding a first video coding layer {(VCL} NAL
unit; a memory coupled to the receiver, the moemory storing instructions; and a processor coupled
to the memory, the processor configured to execute the instructions to cause the decoding device

to: decode a coded picture from the PU to obtain a decoded picture.

[#N]
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{6028} The decoding device provides technigues that ensure a picture header (PH) network
abstraction layer (NAL) unit precedes a first video coding layer (VCL) NAL unit in a picture unit
(PU). This establishes the association between a picture header (PH) in the PH NAL unit and
slices of a picture associated with the PH without having to signal a PH identifier (1D} in the PH.
By not signaling the PH 1D, one or more bits may be removed from the bitstream for each picture,
which adds up over a long video sequence. By eliminating these bits, coding efficiency is
improved. In addition, the encoder/deceder can easily infer that all VCL NAL units between two
picture headers belong to the same picture, that the picture is associated with the first PH between
the two PHs, and that the first VCL NAL unit that follows a PH contains the first slice of the
picture associated with the picture header. Thus, the coder / decoder (ak a., “codec”) in video
coding is improved relative to current codecs.  As a practical matter, the improved video coding
process offers the user a better user experience when videos are sent, received, and/or viewed.
{0021} Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the PU includes only one picture header (PH), and wherein the coded picture is the
only picture in the PU.

6022} Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the PH NAL unit in the PU precedes each VCL NAL unit in the PU inclusive of the
first VCL NAL unit.

[6023] Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the first VCL NAL uuit includes a slice of the coded picture.

0024} A fourth aspect relates to an encoding device. The encoding device includes a memory
containing instructions; a processor coupled to the memory, the processor configured to implement
the instructions to cause the encoding device to: generate a picture unit (PU) including a picture
header (PH) network abstraction layer (NAL) unit preceding a first video coding layer (VCL)
NAL unit; encode the PU into a video bitstream; and a transmitter coupled to the processor, the
transmitter configured to transmit the video bitstream toward a video decoder.

j0025] The encoding device provides techniques that ensure a picture header (PH) network
abstraction layer {INAL) unit precedes a first video coding layer (VCL) NAL unit in a picture unit
{(PU}. This establishes the association between a picture header (PH) in the PH NAL unit and
slices of a picture associated with the PH withowt having to signal a2 PH identifier (ID) in the PH.

By not signaling the PH ID, ove or more bits may be removed from the bitstream for each picture,
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which adds up over a long video sequence. By eliminating these bits, coding efficiency is
improved. In addition, the encoder/decoder can easily infer that ali VCL NAL units between two
picture headers belong to the same picture, that the picture is associated with the first PH between
the two PHs, and that the first VCL NAL unit that follows a PH contains the first slice of the
picture associated with the picture header. Thus, the coder / decoder {ak.a., “codec”) in video
coding is improved relative to current codecs.  As a practical matter, the improved video coding
process offers the user a better user experience when videos are sent, received, and/or viewed.
6026} Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the PU includes only one picture header (PH) and a coded picture, and wherein the
coded picture is the only picture in the PU.

{6027} Optionally, in any of the preceding aspects, another implementation of the aspect
provides that the PH NAL unit in the PU precedes each VCL NAL unit in the PU inclusive of the
first VCL NAL unit, and wherein the first VCL NAL unit includes a slice of the coded picture.
{0028} A fifth aspect relates to a coding apperatus. The coding apparatus includes a receiver
configured to receive a picture to encode or to receive a bitstream to decode; a transmitter coupled
to the receiver, the transmitter configured to transmit the bitstream to a decoder or to transmit a
decoded image to a display; a memory coupled to at least one of the receiver or the transmitter, the
memory configured to store instructions; and a processor coupled to the memory, the processor
configured to execute the nstructions stored in the memory to perform any of the methods
disclosed heremn.

0029 Optionally, in any of the preceding aspects, ancther implementation of the aspect
provides a display configured to display a decoded picture.

{6038] The coding apparatus provides techniques that ensure a picture header (PH) network
abstraction layer (NAL) unit precedes a first video coding layer (VCL) NAL unit in a picture unit
(PU). This establishes the association between a picture header (PH) in the PH NAL unit and
slices of a picture associated with the PH without having to signal a PH identifier (ID) in the PH.
By not signaling the PH 13, one or more bits may be removed from the bitstream for each picture,
which adds up over a long video sequence. By eliminating these bits, coding efficiency is
improved. In addition, the encoder/decoder can easily infer that ali VCL NAL units between two
picture headers belong to the same picture, that the picture is associated with the first PH between

the two PHs, and that the first VCL NAL unit that follows a PH contains the first slice of the
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picture associated with the picture header. Thus, the coder / decoder (ak a., “codec”) in video
coding ts improved relative to current codecs. As a practical matter, the improved video coding
process offers the user a better user experience when videos are sent, received, and/or viewed.
{6031} A sixth aspect relates to a systern. The system inchudes an encoder; and a decoder in
communication with the encoder, wherein the encoder or the decoder includes the decoding device,
the encoding device, or the coding apparatus disclosed herein.

1006324 The system: provides techniques that ensure a picture header (PH) network abstraction
tayer (NAL) unit precedes a first video coding layer (VCL) NAL unit in a picture unit (PU).
This establishes the association between a picture header (PH) in the PH NAL unit and slices of a
picture associated with the PH without having to signal a PH identifier (ID) in the PH. By not
signaling the PH 1D, one or more bits may be removed from the bitsiream for each picture, which
adds up over a long video sequence. By eliminating these bits, coding efficiency is improved. In
addition, the encoder/decoder can easily infer that all VCL NAL units between two picture headers
belong to the same picture, that the picture is associated with the first PH between the two PHs,
and that the first VCL NAL unit that follows a PH contains the first slice of the picture associated
with the picture header. Thus, the coder / decoder (ak a, “codec”) in video coding is improved
relative to current codecs. As a practical matter, the improved video coding process offers the user
a better user experience when videos are sent, received, and/or viewed.

[6033] A seventh aspect relates to a means for coding. The means for coding includes
receiving means configured to receive a picture to encode or to receive a bitstream to decode;
transmission means coupled to the receiving means, the transmission means configured to transmit
the bitstream to a decoding means or to transmit a decoded image to a display means; storage
means coupled to at least one of the receiving means or the transmission means, the storage means
configured to store instructions; and processing means coupled to the storage means, the
processing means configured to execute the instructions stored in the storage means to perform any
of the methods disclosed herein.

{0034 The means for coding provides technigues that ensure a picture header (PH) network
abstraction layer {INAL) unit precedes a first video coding layer (VCL) NAL unit in a picture unit
{(PU}. This establishes the association between a picture header (PH) in the PH NAL unit and
slices of a picture associated with the PH withowt having to signal a2 PH identifier (ID) in the PH.

By not signaling the PH ID, ove or more bits may be removed from the bitstream for each picture,
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which adds up over a long video sequence. By eliminating these bits, coding efficiency is
improved. In addition, the encoder/decoder can easily infer that ali VCL NAL units between two
picture headers belong to the same picture, that the picture is associated with the first PH between
the two PHs, and that the first VCL NAL unit that follows a PH contains the first slice of the
picture associated with the picture header. Thus, the coder / decoder {ak.a., “codec”) in video
coding is improved relative to current codecs.  As a practical matter, the improved video coding
process offers the user a better user experience when videos are sent, received, and/or viewed.
16035) For the purpose of clarity, any one of the foregoing embodiments may be combined
with any one or more of the other foregoing embodiments 1o create a new embodiment within the
scope of the present disclosure.
{60386} These and other features will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
{6037} For a more complete understanding of this disclosure, reference is now made to the
following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts.
{0038 FI1G. 1 18 a flowchart of an example method of coding a video signal.
j6039] FIG. 2 is a schematic diagram of an example coding and decoding (codec) system for
video coding.
[6048] FIG. 3 is a schematic diagram illustrating an example video encoder.
{6041} FIG. 4 is a schematic diagram llusirating an example video decoder.
10042} FIG. 5 illustrates an example of multi-layer coding for spatial scalability.
{6043} FIG. 6 illustrates a video bitstream configured to implement a gradual decoding refresh
{GDR) technigque.
[6044] FIG. 7 is a schematic diagram illustrating an undesirable motion search when using the
encoder restriction to support GDR.
j0645] FIG. § illustrates an embodiment of a video bitstream.
{06046] FIG. 9 is an embodiment of a method of decoding a coded video bitstream.
{0047} FIG. 10 is an embodiment of a method of encoding a coded video bitstream.
{0048} FIG. 11 is a schematic diagram of a video coding device.

{8049} FIG. 12 is a schematic diagram of an embodiment of a means for coding.
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DETAILED DESCRIPTION

10050} It should be understood at the outset that although an iflustrative implementation of one
or more embodiments are provided below, the disclosed systems and/or methods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the ilustrative implementations, drawings, and
techniques illustrated below, including the exemplary designs and implementations illustrated and
described herein, but may be modified within the scope of the appended claims along with their
fisll scope of equivalents.

{6051} The following terms are defined as follows unless used in a contrary context herein.
Specifically, the following definitions are intended to provide additional clarity to the present
disclosure. However, terms may be described differently in different contexts. Accordingly, the
following definitions should be considered as a supplement and should not be considered to limit
any other definitions of descriptions provided for such terms herein.

j6052] A bitstream 15 & sequence of bits including video data that is compressed for
transmission between an encoder and a decoder. An encoder is a device that is configured to
employ encoding processes to compress video data into a bitstream. A decoder i3 a device that is
configured to employ decoding processes to reconstruct video data from a bitstream for display. A
picture is an array of luma samples and/ot an array of chroma samples that create a frame or a field
thereof. A picture that is being encoded or decoded can be referred to as a current picture for
clarity of discussion. A reference picture is a picture that contains reference samples that can be
used when coding other pictures by reference according to inter-prediction and/or inter-layer
prediction. A reference picture list is a list of reference pictures used for inter-prediction and/or
inter-layer prediction. Some video coding systems utilize two reference picture lists, which can be
denoted as reference picture list one and reference picture list zero. A reference picture list
structure is an addressable syntax structure that contains multiple reference picture Hists. Inter-
prediction is a mechanism of coding samples of a current picture by reference to indicated samples
in a reference picture that is different from the current picture where the reference picture and the
current picture are in the same layer. A reference picture list structure entry is an addressable
focation in a reference picture list structure that indicates a reference picture associated with a
reference picture list. A slice header is a part of a coded slice containing data elements pertaining

to all video data within a tile represented in the slice. A picture parameter set (PPS) is a parameter
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set that contains data related to an entire picture. More specifically, the PPS is a syntax structure
containing syntax elements that apply to zerc or more entire coded pictures as determined by a
syntax element found in each picture header. A sequence parameter set (SPS) is a parameter set
that contains data related to a sequence of pictures. An access unit {AU) is a set of one or more
coded pictures associated with the same display time (e.g., the same picture order count) for output
from a decoded picture buffer (DPB) (e g., for display to a user). An access unit delimiter (AUD)
is an indicator or data structure used to indicate the start of an AU or the boundary between AUs.
A decoded video sequence is a sequence of pictures that have been reconstructed by a decoder in
preparation for display to a user.

[6053] The following acronyms are used herein, Coding Tree Block (CTB), Coding Tree Unit
(CTU), Ceding Unit {CU), Coded Video Sequence (CVS), Joint Video Experts Team (JVET),
Motion-Constrained Tile Set (MCTS), Maximum Transfer Unit (MTU), Network Abstraction
Layer {NAL), Picture Order Count (POC), Picture Parameter Set (PPS), Raw Byte Sequence
Payload (RBSP), Sequence Parameter Set (SPS), Versatile Video Coding (VVC), and Working
Draft (WD)

{0054} FiG. 1 is a flowchart of an example operating method 100 of coding a video signal.
Specifically, a video signal i1s encoded at an encoder. The encoding process compresses the video
signal by employing various mechanisms to reduce the video file size. A smaller file size allows
the compressed video file to be transmitted toward a user, while reducing associated bandwidth
overhead. The decoder then decodes the compressed video file to reconstruct the original video
signal for display to an end user. The decoding process generally mirrors the encoding process to
allow the decoder to consistently reconstruct the video signal.

[60S5] At step 101, the video signal is input into the encoder. For example, the video signal
may be an uncompressed video file stored in memory. As another example, the video file may be
captured by a video capture device, such as a video camera, and encoded to support live streaming
of the video. The video file may include both an audio component and a video component. The
video component contains a series of umage frames that, when viewed in a sequence, gives the
visual impression of motion. The frames contain pixels that are expressed in terms of light,
referred to herein as luma components (or luma samples), and color, which is referred to as chroma
components {or color samples). In some examples, the frames may also contain depth values to

support three dirmensional viewing.
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[6056] At step 103, the video is partitioned into blocks. Partitioning includes subdividing the
pixels in each frame into square and/or rectangular blocks for compression. For example, in High
Efficiency Video Coding (HEVC) (also known as H.265 and MPEG-H Part 2) the frame can first
be divided into coding tree units {CTUs), which are blocks of a predefined size {e.g., sixty-four
pixels by sixty-four pixels). The CTUs contain both luma and chroma samples. Coding trees may
be employed to divide the CTUs into blocks and then recursively subdivide the blocks until
configurations are achieved that support further encoding. For example, luma components of a
frame may be subdivided until the individual blocks contain relatively homogenous lighting
values. Further, chroma components of a frame may be subdivided until the individual blocks
contain relatively homogenous color values.  Accordingly, partitioning mechanisms vary
depending on the content of the video frames.

{00657} At step 103, various compression mechanisms are employed to compress the image
blocks partitioned at step 103, For example, inter-prediction and/or intra-prediction may be
emploved. Inter-prediction is designed to take advantage of the fact that objects in a common
scene tend to appear in successive frames. Accordingly, a block depicting an object in a reference
frame need not be repeatedly described in adjacent frames. Specifically, an object, such as a table,
may remain in a constant position over multiple frames. Hence the table is described once and
adjacent frames can refer back to the reference frame. Pattern matching mechanisms may be
emploved to match objects over multiple frames. Further, moving objects may be represented
across multiple frames, for exaraple due to object movernent or carvera movement. As a particular
example, a video may show an automobile that moves across the screen over multiple frames.
Motion vectors can be employed to describe such movement. A motion vector 18 a two-
dimensional vector that provides an offset from the coordinates of an object in a frame to the
coordinates of the object in a reference frame. As such, inter-prediction can encode an image
block in a current frame as a set of motion vectors indicating an offset from a corresponding block
in a reference frame.

{00658} Intra~-prediction encodes blocks in a common frame. Intra-prediction takes advantage of
the fact that luma and chroma components tend to cluster in a frame. For example, a patch of
green in a portion of a tree tends to be positioned adjacent to similar patches of green. Intra-
prediction employs multiple directional prediction modes (e.g., thirty-three in HEVC), a planar

mode, and a direct current (BC) mode. The directional modes indicate that a current block is
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similar/the same as samples of a neighbor block in a corresponding direction.  Planar mode
indicates that a series of blocks along a row/column (e.g., a plane} can be interpolated based on
neighbor blocks at the edges of the row. Planar mode, in effect, indicates a smooth transition of
Hght/color across a row/column by employing a relatively constant slope in changing values. DC
mode is emploved for boundary smoothing and indicates that a block is similar/the same as an
average value associated with samples of all the neighbor blocks associated with the angular
directions of the directional prediction medes. Accordingly, intra-prediction blocks can represent
image blocks as various relational prediction mode values instead of the actual values. Further,
inter-prediction blocks can represent image blocks as motion vector values instead of the actual
values. In either case, the prediction blocks may not exactly represent the image blocks in some
cases. Any differences are stored in residual blocks. Transforms may be applied to the residual
blocks to further compress the file.

[0059] At step 107, various filtering techniques may be applied. In HEVC, the filters are
applied according to an in-loop filtering scheme. The block based prediction discussed above may
result in the creation of blocky images at the decoder. Further, the block based prediction scheme
may encode a block and then reconstruct the encoded block for later use as a reference block. The
in-loop filtering scheme iteratively applies noise suppression filters, de-blocking filters, adaptive
loop filters, and sample adaptive offset (SAQO) filters to the blocks/frames. These filters mitigate
such blocking artifacts so that the encoded file can be accurately reconstructed.  Further, these
filters mitigate artifacts in the reconstructed reference blocks so that artifacts are less likely to
create additional artifacts in subsequent blocks that are encoded based on the reconstructed
reference blocks.

{6068] Once the video signal has been partitioned, compressed, and filtered, the resulting data
is encoded in a bitstream at step 109, The bitstream includes the data discussed above as well as
any signaling data desired to support proper video signal reconstruction at the decoder. For
example, such data may include partition data, prediction data, residual blocks, and various flags
providing coding instructions to the decoder. The bitstream may be stored in memory for
transmission toward a decoder upon request. The bitstream may also be broadcast and/or multicast
toward a plurality of decoders. The creation of the bitstream is an iterative process. Accordingly,

steps 101, 103, 105, 107, and 109 may occur continucusly and/or simultaneously over many
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frames and blocks. The order shown in FIG. 1 is presented for clarity and ease of discussion, and
is not intended to limit the video coding process to a particular order.

6061} The decoder receives the bitstream and begins the decoding process at step 111
Specifically, the decoder employs an entropy decoding scheme to convert the bitstrearmn nto
corresponding syntax and video data. The decoder employs the syntax data from the bitstream to
determine the partitions for the frames at step 111. The partitioning should match the results of
block partitioning at step 103. Entropy encoding/decoding as emploved in step 111 is now
described. The encoder makes many choices during the compression process, such as selecting
block partitioning schemes from several possible choices based on the spatial positioning of values
in the input image(s). Signaling the exact choices may employ a large number of bins. As used
herein, a bin is a binary value that is treated as a variable {e.g, a bit value that may vary depending
on context). Entropy coding allows the encoder to discard any options that are clearly not viable
for a particular case, leaving a set of allowsble options. Each allowable option is then assigned a
code word. The length of the code words is based on the number of allowable options (e.g., one
bin for two options, two bins for three to four options, etc.} The encoder then encodes the code
word for the selected option. This scheme reduces the size of the code words as the code words are
as big as desired to uniquely indicate a selection from a small sub-set of allowable options as
opposed to uniquely indicating the selection from a potentially large set of all possible options.
The decoder then decodes the selection by determining the set of allowable options in a similar
manner to the encoder. By determining the set of allowable options, the decoder can read the code
word and determine the selection made by the encoder.

j0062] At step 113, the decoder perforrs block decoding. Specifically, the decoder emiploys
reverse transforms to generate residual blocks. Then the decoder employs the residual blocks and
corresponding prediction blocks to reconstruct the image blocks according to the partitioning. The
prediction blocks may include both intra-prediction blocks and inter-prediction blocks as generated
at the encoder at step 105, The reconstructed image blocks are then positioned into frames of a
reconstructed video signal according to the partitioning data determined at step 111, Syntax for
step 113 may also be signaled in the bitstream via entropy coding as discussed above.

{06063} Al siep 115, filtering is performed on the frames of the reconstructed video signal in a
manner similar to step 107 at the encoder. For example, noise suppression filters, de-blocking

filters, adaptive loop filters, and SAQ filters may be applied to the frames to remove blocking
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artifacts. Once the frames are filtered, the video signal can be output to a display at step 117 for
viewing by an end user.

6064} FIG. 2 is a schematic diagram of an example coding and decoding (codec) system 200
for video coding.  Specificaily, codec systern 200 provides functionality to support the
implementation of operating method 100, Codec system 200 is generalized to depict components
emploved in both an encoder and a decoder. Codec system 200 receives and partitions a video
signal as discussed with respect to steps 101 and 103 in operating method 100, which results in a
partitioned video signal 201. Codec system 200 then compresses the partitioned video signal 201
into a coded bitstream when acting as an encoder as discussed with respect to steps 105, 107, and
109 in method 100, When acting as a decoder, codec system 200 generates an output video signal
from the bitstream as discussed with respect to steps 111, 113, 115, and 117 in operating method
100. The codec system 200 includes a general coder control component 211, a transform scaling
and quantization compouent 213, an intra-picture estimation component 215, an intra-picture
prediction component 217, a motion compensation component 219, a motion estimation
component 221, a scaling and inverse transform component 229, a filter control analysis
component 227, an in-loop filters component 225, a decoded picture buffer component 223, and a
header formatting and countext adaptive binary arithmetic coding (CABAC) component 231. Such
components are coupled as shown. In FIG 2, black lines indicate movement of data to be
encoded/decoded while dashed lines indicate movement of control data that controls the operation
of other components. The components of codec systerma 200 may all be present in the encoder.
The decoder may include a subset of the components of codec system 200. For example, the
decoder may include the intra-picture prediction component 217, the motion compensation
component 219, the scaling and inverse transform component 229, the in-loop filters component
225, and the decoded picture buffer component 223 These components are now described.

{0065] The partitioned video signal 201 is a captured video sequence that has been partitioned
into blocks of pixels by a coding tree. A coding tree employs various split modes to subdivide a
block of pixels into smalier biocks of pixels. These blocks can then be further subdivided into
smaller blocks. The blocks may be referred to as nodes on the coding tree. Larger parent nodes are
sphit into smalier child nodes. The number of times a node is subdivided is referred to as the depth
of the node/coding tree. The divided blocks can be included in coding units (CUs) in some cases.

For example, a CU can be a sub-portion of a CTU that contains a luma block, red difference
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chroma (Cr) block(s), and a blue difference chroma (Cb) block(s) along with corresponding syntax
instructions for the CU. The split modes may include a binary tree (BT}, triple tree (TT), and a
quad tree (QT) emploved to partition a node info two, three, or four child nodes, respectively, of
varying shapes depending on the split modes employed. The partitioned video signal 201 is
forwarded to the general coder control component 211, the transform scaling and guantization
component 213, the intra-picture estimation component 215, the filter control analysis component
227, and the motion estimation component 221 for compression.

j0066] The general coder control component 211 is configured to make decisions related to
coding of the images of the video sequence into the bitstream according to application constraints.
For example, the general coder control component 211 manages optimization of bitrate/bitstream
size versus reconsiruction quality. Such decisions may be made based on storage space/bandwidth
availability and image resolution requests. The general coder control component 211 also manages
buffer utilization in light of transmission speed to mitigate buffer underrun and overrun issues. To
manage these issues, the general coder control component 211 manages partitioning, prediction,
and filtering by the other components. For example, the general coder control component 211 may
dynamically increase compression complexity to increase resolution and increase bandwidth usage
or decrease compression complexity to decrease resolution and bandwidth usage Hence, the
general coder control component 211 conirols the other components of codec system 200 to
balance video signal reconstruction quality with bit rate concerns. The general coder control
component 211 creates control data, which controls the operation of the other components. The
control data is also forwarded to the header formatting and CABAC component 231 to be encoded
in the bitstream to signal parameters for decoding at the decoder.

{6067} The partitioned video signal 201 is also sent to the motion estimation component 221
and the motion compensation component 219 for inter-prediction. A frame or slice of the
partitioned video signal 201 may be divided into mukliiple video blocks. Motion estimation
component 221 and the motion compensation component 219 perform mnter-predictive coding of
the received video block relative to one or more blocks in one or more reference frames to provide
temporal prediction. Codec system 200 may perform multiple coding passes, e.g., to select an
appropriate coding mode for each block of video data.

{0068} Motion estimation component 221 and motion compensation component 219 may be

highly integrated, but are illustrated separately for conceptual purposes. Motion estimation,
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performed by motion estimation component 221, is the process of generating motion vectors,
which estimate motion for video blocks. A motion vector, for example, may indicate the
displacement of a coded object relative to a predictive block. A predictive block is a block that is
found to closely match the block to be coded, in terrus of pixel difference. A predictive block may
also be referred to as a reference block. Such pixel difference may be determined by sum of
absolute difference (SAD), sum of square difference (88D}, or other difference metrics. HEVC
employs several coded objects including a CTU, coding tree blocks (CTBs), and CUs. For
example, a CTU can be divided into CTBs, which can then be divided into CBs for inclusion in
CUs. A CU can be encoded as a prediction unit containing prediction data and/or a transform unit
{(TU) containing transformed residual data for the CU. The motion estimation component 221
generates motion vectors, prediction units, and TUs by using a rate-distortion analysis as part of a
rate distortion optimization process. For example, the motion estimation component 221 may
determine multiple reference blocks, multiple motion vectors, eic. for a curvent block/frame, and
may select the reference blocks, motion vectors, etc. having the best rate-distortion characteristics.
The best rate-distortion characteristics balance both quality of video reconstruction {e.g., amount of
data loss by compression) with coding efficiency {(e.g., size of the final encoding}).

10069} In some examples, codec system 200 may calculate values for sub-integer pixel
positions of reference pictures stored in decoded picture buffer component 223, For example,
video codec system 200 may interpolate values of one-quarter pixel positions, one-cighth pixel
positions, or other fractional pixel positions of the reference picture. Therefore, motion estimation
component 221 may perform a motion search relative to the full pixel positions and fractional pixel
positions and output a motion vector with fractional pixel precision. The motion estimation
compenent 221 calculates a motion vector for a prediction unit of a video block in an inter-coded
slice by comparing the position of the prediction unit to the position of a predictive block of a
reference picture. Motion estimation component 221 outputs the caleulated motion vector as
motion data to header formatting and CABAC component 231 for encoding and motion to the
motion compensation component 219

{0670} Motion compensation, performed by motion compensation component 219, may
mvolve fetching or generating the predictive block based on the motion vector determined by
motion estimation component 221 Again, motion estimation component 221 and motion

compensation component 219 may be functionally integrated, in some examples. Upon receiving

15



WO 2021/061282 PCT/US2020/045038

the motion vector for the prediction unit of the current video block, motion compensation
component 219 may locate the predictive block to which the motion vector points. A residual
video block is then formed by subtracting pixel values of the predictive block from the pixel values
of the current video block being coded, forming pixel difference values. In general, wotion
estimation component 221 performs motion estimation relative to luma components, and motion
compensation component 219 uses motion vectors calculated based on the luma components for
both chroma components and luma components. The predictive block and residual block are
forwarded to transform scaling and quantization component 213,

6071} The partitioned video signal 201 is also sent 1o intra-picture estimation component 215
and intra-picture prediction component 217 As with motion estimation component 221 and
motion compensation component 219, intra-picture estimation component 215 and intra-picture
prediction component 217 may be highly integrated, but are illustrated separately for conceptual
purposes. The intra-picture estimation component 215 and intra-picture prediction component 217
intra-predict a current block relative to blocks in a current frame, as an alternative to the inter-
prediction performed by motion estimation component 221 and mwotion compensation component
219 between frames, as described above. In particular, the intra-picture estimation component 215
determines an intra-prediction mode to use to encode a current block. In some examples, intra-
picture estimation component 215 selects an appropriate intra-prediction mode to encode a current
block from multiple tested intra-prediction modes. The selected intra-prediction modes are then
forwarded to the header formatting and CABAC component 231 for encoding.

6072} For example, the intra-picture estimation component 215 calculates rate-distortion
values using a rate-distortion analysis for the various tested intra-prediction modes, and selects the
intra-prediction mode having the best rate-distortion characteristics among the tested modes. Rate-
distortion analysis generally determines an amount of distortion {or error) between an encoded
block and an original unencoded block that was encoded to produce the encoded block, as well as a
bitrate {e.g., a number of bits} used to produce the encoded block. The intra-picture estimation
component 215 calculates ratios from the distortions and rates for the various encoded blocks to
determine which intra-prediction mode exhibits the best rate-distortion value for the block. In
addition, intra-picture estimation component 215 may be configured to code depth blocks of &

depth map using a depth modeling mode (DMM) based on rate-distortion optimization (RDO).
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{6073} The intra-picture prediction component 217 may generate a residual block from the
predictive block based on the selected intra-prediction modes determined by intra-picture
estimation component 215 when implemented on an encoder or read the residual block from the
bitstream when implemented on a decoder. The residual block includes the difference in values
between the predictive block and the original block, represented as a matrix. The residual block is
then forwarded to the transform scaling and quantization component 213, The intra-picture
estimation component 215 and the intra-picture prediction component 217 may operate on both
luma and chroma components.

[6074] The transform scaling and quantization component 213 is configured to further
compress the residual block. The transform scaling and quantization component 213 applies a
transform, such as a discrete cosine transform (DCT), a discrete sine transform (BST), or a
conceptually similar transform, to the residual block, producing a video block comprising residual
iransform coefficient values. Wavelet transforms, integer transforms, sub-band transforms or other
types of transforms could also be used. The transform may convert the residual information from a
pixel value domain to a transform domain, such as a frequency domain. The transform scaling and
quantization component 213 is also configured to scale the transformed residual information, for
example based on frequency. Such scaling involves applying a scale factor to the residual
information so that different frequency information is quantized at different granularities, which
may affect final visual quality of the reconstructed video. The transform scaling and quantization
component 213 is also configured to quantize the transform coefficients to further reduce bit rate.
The quantization process may reduce the bit depth associated with some or all of the coefficients.
The degree of quantization may be modified by adjusting a quantization parameter. In some
examples, the transform scaling and quantization component 213 may then perform a scan of the
matrix including the quantized transform coefficients. The quantized transform coefficients are
forwarded to the header formatting and CABAC component 231 to be encoded in the bitstream.
j0075] The scaling and inverse transform component 229 applies a reverse operation of the
transform scaling and quantization component 213 to support motion estimation. The scaling and
inverse transform component 229 applies inverse scaling, transformation, and/or quantization to
reconstruct the residual block in the pixel domain, e.g., for later use as a reference block which
may become a predictive block for another current block. The motion estimation component 22

and/or motion compensation coroponent 219 may calculate a reference block by adding the
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residual block back to a corresponding predictive block for use in motion estimation of a later
biock/frame. Filters are applied to the reconstructed reference blocks to mitigate artifacts created
during scaling, quantization, and transform. Such artifacts could otherwise cause inaccurate
prediction (and create additional artifacts) when subsequent blocks are predicted.

{6076} The filter control analysis component 227 and the in-loop filters component 225 apply
the filters to the residual blocks and/or to reconstructed image blocks. For example, the
transformed residual block from the scaling and inverse transtorm component 229 may be
combined with a corresponding prediction block from intra-picture prediction component 217
and/or motion compensation component 219 to reconstruct the original tmage block. The filters
may then be applied to the reconstructed image block. In some examples, the filters may instead
be applied to the residual blocks. As with other components in FIG. 2, the filter control analysis
component 227 and the in-loop filters component 225 are highly integrated and may be
implemented together, but are depicted separately for conceptual purposes. Filters applied to the
reconstructed reference blocks are applied to parsticular spatial regions and include nwltiple
parameters to adjust how such filters are applied.  The filter conirol analysis component 227
analyzes the reconstructed reference blocks to determine where such filters should be applied and
sets corresponding parameters. Such data is forwarded to the header formatting and CABAC
component 231 as filter contro} data for encoding. The in-loop filters component 225 applies such
filters based on the filter control data. The filters may include a deblocking filter, a noise
suppression filter, a SAO filter, and an adaptive loop filter. Such filters may be applied in the
spatial/pixel domain (e.g., on a reconstructed pixel block) or in the frequency domain, depending
on the example.

{6077} When operating as an encoder, the filtered reconstructed image block, residual block,
and/or prediction block are stored in the decoded picture buffer component 223 for later use in
motion estimation as discussed above. When operating as a decoder, the decoded picture buffer
component 223 stores and forwards the reconstructed and filtered blocks toward a display as part
of an ocutput video signal. The decoded picture buffer component 223 may be any memory device
capable of storing prediction blocks, residual blocks, and/or reconstructed image blocks.

{6078} The header formatting and CABAC component 231 receives the data from the various
components of codec system 200 and encodes such data into a coded bitstream for transmission

toward a decoder. Specifically, the header formaiting and CABAC coroponent 231 generates
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various headers to encode control data, such as general control data and filter control data. Further,
prediction data, including intra-prediction and motion data, as well as residual data in the form of
quantized transform coefficient data are all encoded in the bitstream. The final bitstream includes
all information desired by the decoder to reconstruct the original partitioned video signal 201,
Such information may also include intra-prediction mode index tables (also referred to as
codeword mapping tables), definttions of encoding contexts for various blocks, indications of most
probable intra-prediction modes, an indication of partition information, etc. Such data may be
encoded by employing entropy coding. For example, the information may be encoded by
emploving context adaptive vartable length coding (CAVLC), CABAC, syntax-based context-
adaptive binary arithmetic coding {(SBAC), probability interval partitioning entropy (PIPE) coding,
or another entropy coding technique. Following the entropy coding, the coded bitstream may be
transmitted to another device {e.g., a video decoder) or archived for later transmission or retrieval.
[6079] FIG. 3 is a block diagram illustrating an example video encoder 300. Video encoder
300 may be emploved to implement the encoding functions of codec system 200 and/or implement
steps 101, 103, 105, 107, and/or 109 of operating method 100. Euncoder 300 partitions an input
video signal, resulting in a partitioned video signal 301, which is substantially similar to the
partitioned video signal 201, The partitioned video signal 301 is then compressed and encoded
into a bitsiream by components of encoder 300,

[6036] Specitically, the partitioned video signal 301 is forwarded to an intra-picture prediction
component 317 for intra-prediction. The intra-picture prediction component 317 may be
substantially similar to intra-picture estimation component 215 and intra-picture prediction
component 217, The partitioned video signal 301 is also forwarded to a motion compensation
compenent 321 for inter-prediction based on reference blocks in a decoded picture buffer
component 323. The motion compensation component 321 may be substantially similar to motion
estimation component 221 and motion compensation component 219, The prediction blocks and
residual blocks from the intra-picture prediction component 317 and the motion compensation
component 321 are forwarded to a transform and guantization component 313 for transform and
quantization of the residual blocks. The transform and quantization component 313 may be
substantially similar to the transform scaling and quantization component 213, The transformed
and quantized residual blocks and the corresponding prediction blocks (along with associated

control data) are forwarded to an entropy coding component 331 for coding into a bitstream. The
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entropy coding component 331 may be substantially similar to the header formatting and CABAC
component 231

6081} The transformed and quantized residual blocks and/or the corresponding prediction
blocks are also forwarded from the transform and quantization component 313 to an inverse
transform and quantization component 329 for reconstruction into reference blocks for use by the
motion compensation component 321, The inverse travsform and quantization component 329
may be substantially similar to the scaling and inverse transtorm component 229. In-loop filters in
an in-loop filters component 325 are also applied to the residual blocks and/or reconstructed
reference blocks, depending on the example. The in-loop filters component 325 may be
substantially similar to the filter control analysis component 227 and the in-loop filters component
225. The in-loop filters component 325 may include multiple filters as discussed with respect to
in-loop filters component 225, The filtered blocks are then stored in a decoded picture buffer
component 323 for use as reference blocks by the motion compensation component 321, The
decoded picture buffer component 323 may be substantially similar to the decoded picture buffer
component 223

{0082} FIG. 4 is a block diagram illustrating an example video decoder 400, Video decoder
400 may be emploved to implement the decoding functions of codec system 200 and/or implement
steps 111, 113, 115, and/or 117 of operating method 100, Decoder 400 receives a bitsiream, for
example from an encoder 300, and generates a reconstructed output video signal based on the
bitstream for display to an end user.

0083} The bitstream is received by an entropy decoding component 433, The entropy
decoding component 433 is coofigured to mmplement an entropy decoding scheme, such as
CAVLC, CABAC, SBAC, PIPE coding, or other entropy coding techniques. For example, the
entropy decoding component 433 may employ header information to provide a context to interpret
additional data encoded as codewords in the bitstream. The decoded information includes any
desired information to decode the video signal, such as general control data, filter control data,
partition information, motion data, prediction data, and quantized transform coefficients from
residual blocks. The quantized transtorm coefficients are forwarded to an inverse transform and
quantization component 429 for reconstruction into residual blocks. The inverse transform and

quantization component 429 may be similar to inverse transform and quantization component 329,



WO 2021/061282 PCT/US2020/045038

[6084] The reconstructed residual blocks and/or prediction blocks are forwarded to intra-
picture prediction component 417 for reconstruction into image blocks based on intra-prediction
operations. The intra-picture prediction component 417 may be similar to intra-picture estimation
component 215 and an intra-picture prediction component 217, Specifically, the intra-pictore
prediction component 417 employs prediction modes to locate a reference block in the frame and
applies a residual block to the result to reconstruct intra-predicted image blocks. The reconstructed
intra-predicted image blocks and/or the residual blocks and corresponding inter-prediction data are
forwarded to a decoded picture buffer component 423 via an in-loop filters component 425, which
may be substantially simtlar to decoded picture buffer component 223 and in-loop filters
component 225, respectively. The in-loop filters component 425 filters the reconstructed image
blocks, residual blocks and/or prediction blocks, and such information is stored in the decoded
picture buffer component 423. Reconstructed image blocks from decoded picture buffer
component 423 are forwarded to a motion compensation component 421 for inter-prediction. The
motion compensation component 421 may be substantially similar to motion estimation
component 221 and/or motion coropensation component 219, Specifically, the motion
compensation component 421 emplovs motion vectors from a reference block 1o generaie a
prediction block and applies a residual block to the result to reconstruct an image block. The
resulting reconstructed blocks may also be forwarded via the in-loop filters component 425 to the
decoded picture buffer component 423, The decoded picture buffer component 423 continues to
store additional reconstructed image blocks, which can be reconstructed into frames via the
partition information. Such frames may also be placed in a sequence. The sequence is output
toward a display as a reconstructed output video signal.

{6085] Keeping the above in mind, video compression techniques perform spatial (intra-
picture) prediction and/or temporal (inter-picture) prediction to reduce or remove redundancy
inherent in video sequences. For block-based video coding, a video slice (i.e., a video picture or a
portion of a video picture) may be partitioned into video blocks, which may also be referred to as
treeblocks, coding tree blocks (CTBs), coding tree units (CTUs), coding units (CUs), and/or coding
nodes.  Video blocks in an intra-coded (1) slice of a picture are encoded using spatial prediction
with respect to reference samples in neighboring blocks in the same picture. Video blocks in an
inter-coded (P or B) slice of a picture may use spatial prediction with respect to reference samples

in neighboring blocks in the same picture or temaporal prediction with respect to reference samples
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in other reference pictures. Pictures may be referred to as frames, and reference pictures may be
referred to as reference frames.

{6086} Spatial or temporal prediction results in a predictive block for a block to be coded.
Residual data represents pixel differences between the original block to be coded and the predictive
block. An inter-coded block is encoded according to a motion vector that points to a block of
reference samples forming the predictive block, and the residual data indicating the difference
between the coded block and the predictive block. An intra-coded block is encoded according to
an intra-coding mode and the residual data. For further compression, the residual data may be
transformed from the pixel domain to a transform domain, resulting in residual transform
coetticients, which then may be quantized. The quantized transform coefficients, initially arranged
in a two-dimensional array, may be scanned in order to produce a one-dimensional vector of
transform coefficients, and entropy coding may be applied to achieve even more compression.
[0087] Image and video compression has experienced rapid growth, leading to various coding
standards. Such video coding standards include ITU-T H.261, International Organization for
Standardization/Intervational Electrotechnical Commission (ISO/IEC) MPEG-1 Part 2, ITU-T
H.262 or ISG/IEC MPEG-2 Part 2, ITU-T H.263, ISO/IEC MPEG-4 Part 2, Advanced Video
Coding (AVC), also known as ITU-T H.264 or ISO/IEC MPEG-4 Part 10, and High Efficiency
VYideo Coding (HEV(), also known as ITU-T H.265 or MPEG-H Part 2. AVC includes extensions
such as Scalable Video Coding (SVC), Multiview Video Coding (MVC) and Multiview Video
Coding plus Depth MVC+D), and 3D AVC (3D-AVC). HEVC includes extensions such as
Scalable HEVC (SHVYC), Multiview HEVC (MV-HEV(), and 3D HEVC (3D-HEVC().

j0088] There 18 also a new video coding standard, named Versatile Video Coding (VVC),
being developed by the joint video experts team (JVET) of ITU-T and ISO/EC. While the VVC
standard has several working drafts, one Working Draft (WD) of VVC in particular, namely B.
Bross, J. Chen, and 8. Liu, “Versatile Video Coding (Draft 5}, JVET-N1001-v3, 13th JVET
Meeting, March 27, 2019 (VVC Draft 5) is referenced herein.

{00689 The picture partitioning schemes in HEVC are discussed.

{6098] HEVC includes four different picture partitioning schemes, namely regular slices,
dependent slices, tiles, and Wavefront Parallel Processing (WPP), which may be applied for

Maximum Transfer Umit (MTU) size matching, parallel processing, and reduced end-to-end delay.



WO 2021/061282 PCT/US2020/045038

{6091} Regular slices are similar as in H264/AVC. Each regular slice is encapsulated in its
own NAL unit, and in-picture prediction (inira sample prediction, motion information prediction,
coding mode prediction} and entropy coding dependency across slice boundaries are disabled.
Thus, a regular slice can be reconstructed independently from other regular slices within the same
picture (though there may still have interdependencies due to loop filtering operations).

{6092} The regular slice is the only tool that can be used for parallelization that is also
available, in virtually identical form, in H.264/AVC. Regular slices based paralielization does not
require much inter-processor or inter-core communication {except for inter-processor or inter-core
data sharing for motion compensation when decoding a predictively coded picture, which is
typically much heavier than inter-processor or inter-core data sharing due to in-picture prediction).
However, for the same reason, the use of regular slices can incur substantial coding overhead due
to the bit cost of the slice header and due to the lack of prediction across the slice boundaries.
Further, regular slices {(in contrast to the other tools mentioned below) also serve as the key
mechanism for bitstream partitioning to match MTU size requirements, due to the in-picture
independence of regular slices and that each regular slice is encapsulated in its own Network
Adaptation Layer (NAL) unit. In many cases, the goal of parallelization and the goal of MTU size
matching place contradicting demands to the slice layout in a picture. The realization of this
situation led to the development of the parallelization tools mentioned below.

[6093] Dependent slices have short slice headers and allow partitioning of the bitstream at
treeblock boundaries without breaking any in-picture prediction. Basically, dependent slices
provide fragmentation of regular slices intc multiple NAL units, to provide reduced end-to-end
delay by allowing a part of a regular slice to be sent out before the encoding of the entire regular
slice is finished.

10094} In WPP, the picture is partitioned into single rows of coding tree blocks (CTBs).
Entropy decoding and prediction are allowed to use data from CTBs in other partitions. Parallel
processing is possible through parallel decoding of CTB rows, where the start of the decoding of a
CTB row is delayed by two CTBs, so to ensure that data related to a CTB above and to the night of
the subject CTB is available before the subject CTB is being decoded. Using this staggered start
{which appears like a wavefront when represented graphically), parallelization is possible with up
to as many processors/cores as the picture contains CTB rows. Because in-picture prediction

between neighboring treeblock rows within a picture is permitied, the required inter-
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processor/inter-core communication to enable in-picture prediction can be substantial. The WPP
partitioning does not result in the production of additional NAL units compared to when it is not
applied, thus WPP is not a tool for MTU size matching. However, if MTU size matching is
required, regular slices can be used with WPP, with certain coding overhead.

[6095] Tiles define horizontal and vertical boundaries that partition a picture into tile columns
and rows. The scan order of CTBs is changed to be local within a tile (in the order of & CTB raster
scan of a tile), before decoding the top-left CTB of the next tile in the order of tile raster scan of a
picture. Similar to regular slices, tiles break in-picture prediction dependencies as well as entropy
decoding dependencies. However, the tiles do not need 1o be included into individual NAL units
{same as WPP in this regard); hence tiles cannot be used for MTU size matching. Each tile can be
processed by one processor/core, and the inter-processor/inter-core communication reguired for in-
picture prediction between processing units decoding neighboring tiles is limited to conveying the
shared slice header in cases where a slice is spanning more than one tile, and loop filtering related
sharing of reconstructed samples and metadata. When more than one tile or WPP segment is
included in a slice, the entry point byte offset for each tile or WPP segment other than the first one
in the slice is signaled in the slice header.

10096} For simplicity, restrictions on the application of the four different picture partitioning
schemes have been specified in HEVC. A given coded video sequence cannot include both tiles
and wavefronts for most of the profiles specified in HEVC. For each slice and tile, either or both of
the following conditions must be fulfilied: 1) all coded treeblocks in a slice belong to the same tile;
2} all coded treeblocks in a tile belong to the same slice. Finally, a wavefront segment contains
exactly one CTB row, and when WPP is in use, if a slice starts within a CTB row, it must end in
the same CTB row.

10097} The picture partitioning schemes in VVC are discussed.

{0098} HEVC includes four different picture partitioning schemes, namely slices, tiles and
bricks, and Wavefront Parallel Processing (WPP), which may be applied for Maximum Transfer
Unit (MTU) size matching, parallel processing, and reduced end-to-end delay.

{6099] Tiles in VVC are like tiles in HEVC. Tiles define horizontal and vertical boundaries
that partition a picture into tile colummns and rows. In VVC, the concept of tiles is further improved
by allowing a tile to be further split horizontally to form bricks. A tile that is not further split is

also considered a brick. The scan order of CTBs is changed to be local within a brick (in the order
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of a CTB raster scan of a brick), before decoding the top-left CTB of the next brick in the order of
brick raster scan of a picture.

j00160]  Slices in VVC comprise one or more bricks. Each slice is encapsulated in its own NAL
unit, and in-picture prediction (intra sample prediction, motion information prediction, coding
mode prediction) and entropy coding dependency across slice boundaries are disabled. Thus, a
regular slice can be reconstructed indepevdently from other regular slices within the same picture
(though there may still be interdependencies due to loop filtering operations). YV defines two
kinds of slices, which are: rectangular shice and raster-scan slice. A rectangular slice comprises
one or more bricks that occupy a rectanguiar region within a picture. A raster-scan slice comprises
one or more bricks that are in raster-scan order of bricks within a picture.

{00181} The WPP feature in VVC is similar to the WPP feature in HEVC with the difference
that HEVC WPP has a two (2) CTU delay whereas VVC WPP has one (1) CTU delay. For HEVC
WPP, a new decoding thread can start decoding the first CTU in its assigned CTU row after the
previous CTU row has its first two CTUs already decoded; on the other hand, for VVC WPP, 3
new decoding thread can start decoding the first CTU in its assigned CTU row after the previous
CTU row has its first CTU already decoded.

[00102]  The signaling of tiles, bricks, and slices in PPS is discussed.

{60183}  The current signaling of tiles, bricks, and slices {(particularly rectangular slices) in PPS

is as follows:

pic_parameter set rbsp( 3 { Descriptor

Y

single_tile_in_pic flag u(l)

uniform_tile spacing flag u(l)

if{ uniform_tile spacing flag } {

tile_cols width_minuosi ue(v)

tile_rows height minusi ue(v})
$else {

pum_tile columns minusl ue(v)
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pum_tile_rows_minusi ue(v)

for(i=0;1<num tile columns minusl; i++)

tile column_width_minusii] ue{v)

for(i=0;1<pum tile rows minusl; i++)

tile row height minusi{ ] ue(v)

!
3

brick_splitting_present_flag u(1)

pum_tiles in pic minusl ue(v)

for{ 1= 0; brick_splitting present flag && 1 <=

if{ RowHeight{ 1 1> 1)

brick split flag| i | w(1)

if{ brick_split flagli])¢{

ift RowHeight[ 11> 2)

uniform_brick spacing flag] 1] w(h)

if{ uniform_brick spacing flag{i])

brick height minusi{ ] ue(v)
else {
num_brick_rows_minus2f i ] ne(v)

for( 1=0;] <= num brick rows minus2[ 1], ++)

brick row height minusi]{1][]] ue(v}

Nanon

$

single brick per slice flag u(1)
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if{ Isingle brick per slice flag)
rect_slice flag u(l)
if{ rect _shee flag && Isingle brick per slice flag) {
num_slices_in_pic_minusl ue(v})
bottom right brick idx length minusi ue(v)
for( 1= 0.1 <num_slices_in_pic_minusl;i++ ) {
botiom right brick idx deltali] u{v}
brick idx delta_sign flagf 1] w(h)
}
H
loop filter across_bricks enabled flag u(1)
if{ loop filter across bricks enabled flag)
loop filter across slices enabled flag u(1)
H
if{ rect_slice flag) {
signalled slice id {lag u(1)
iff signalled slice id flag ) {
signalled slice id length minusl uelv)
for{ i=0;1 <= num_slices in pic_minusi; i++}
stice id] 1] w(v}
H
j
}
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{60184}  Slices are associated with slice header which contains syntax element to describe the
property of the slices which are needed for decoding the slices. The example of slice header syntax
table and introduction part of the slice header semantics are given below,

[00105]  General slice header syntax.

slice header{ ) { Bescriptor

slice pic parameter set id uelv)

if{ rect_slice flag || NumBricksinPic> 1)

stice_address v}

if{ lrect slice flag && !single brick per slice flag)

num_bricks in_slice minusi uelv)
non_reference picture fiag u(1)
slice_type ue{v)
if separate_colour plane flag==1)

colour plane id u(2)
slice pic order cnt Isb u{v)

#{ nal unit type == GDR NUT)

recevery _poc_cat ue(v)

ifi nal unit_type == IDR W RADL || nal unit_type == [DR N LP

no ouiput of prior pics flag u( 1)

if{ output_flag present flag )

pic_output flag u(1)

{60106}  General slice header semantics.



WO 2021/061282 PCT/US2020/045038

{60187} When present, the wvalue of each of the slice header syntax elements
slice pic_parameter set id, non reference picture flag, colour plane id, siice pic_order cnt_ish,
FeCovery poc cnt, no_output_of prior pics flag, pic_output_flag, and
slice_temporal mvp _enabled flag shall be the same in all slice headers of a coded picture.

{60188}  The variable CuQpDeltaVal, specifying the difference between a luma quantization
parameter for the coding unit containing cu_gp delta abs and its prediction, is set equal to 0. The
variables CuQpOfsetCh, CuQpOitsetCr, and CuQpUOffsetChCr, specifving values to be used when
determining the respective values of the Qp’Cb, Qp’Cr, and Qp CbCr guantization parameters for
the coding unit containing cu_chroma_qp_offset flag, are all set equal to 0.

{60189}  The access unit delimiter is discussed.

[66130] At the 15th JVET meeting in Gothenburg, it was agreed to mandate the presence of
access unit delimiter {AUD) for each picture in YV bitstreams. AUD is mandated to be present
before the first slice of each picture which belps decoder implementation to detect the beginning of
a new picture in VY bitstrean.

{00111}  The syntax and semantics of AUD RBSP is as follows.

access_umt delimiter rbsp( ) { Descript
or
pic_type u(3)

rbsp trailing bits( }

{60112} The access unit delimiter is used to indicate the start of an access unit and the type of
slices present in the coded pictures in the access unit containing the access unit delimiter NAL unit.
There 1s no normative decoding process associated with the access unit delimiter.

{00113}  pic_type indicates that the slice type values for all slices of the coded pictures in the
access unit containing the access unit delimiter NAL unit are members of the set listed in Table 7-3
for the given value of pic_type. The value of pic_type shall be equal to 0, 1, or 2 in bitstreams
conforming to this version of this Specification. Other values of pic_type are reserved for future
use by ITU T | ISOG/IEC. Decoders conforming to this version of this Specification shall ignore

reserved values of pic_type.
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Table 7-3 — Interpretation of pic_type

pic_type | slice type values that may be present in the coded picture

0 1
1 P1
2 IBPI

{00114} Problems with the access unit delimiter are discussed.

{00115} By mandating AUD to be present for each picture, several problems are identified as
follows.

{60116}  Only one access unit delimiter is present for each picture or access unit and is supposed
to be contained in the WAL unit that is the first in an access unit. However, if an access unit
contains more than one picture, such as in multi-layer bitstream cases, the access unit delimiter can
only assist detection of each access unit, not each picture.

[661177  In a single layer bitstream, since one AUD is present for each picture, some syntax
elements that are currently signaled in the slice header but constrained to be the same for all slices
of the same picture should be moved to AUD. Such syntax elements may be referred to as picture-
level syntax elements. However, given that the NAL unit containing the AUD is supposed to be
the first NAL unit in an access unit, the NAL unit containing the AUD may precede the NAL units
containing parameter sets such as the 8PS, PPS, etc. The order of the AUD and the parameter sets
fimits the flexibility for moving picture-level syntax elements from the slice header to the AUD,
and the parsing of those syntax elements may have dependency to information signaled in
parameter sets.

{60118}  The description of the techniques disclosed herein are based on the under-development
video coding standard Versatile Video Coding (VVC) by the joint video experts team {JVET) of
ITU-T and ISOAEC. However, the techniques also apply to other video codec specifications.
j06119]  As noted above, an AUD has been used to indicate the start of each AU, and hence the
starting point of a picture, when the bitstream contains a single layer. However, the AUD is unable
to provide the same functionality for a multi-laver bitstream because the multi-laver bitstream

includes multiple pictures at different resolutions within the same AU. Acordingly, when the
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access unit contains more than one picture, such as in the nulti-layer bitstream, the AUD is only
able to indicate the start point of the AU, but not the start point of a particular picture in the AU.
j00120] Disclosed herein are techniques that ensure a picture header (PH) network abstraction
layer {(NAL) unit precedes a first video coding layer (VCL) NAL unit in & picture unit (PU).
This establishes the association between a picture header (PH) in the PH NAL unit and slices of a
picture associated with the PH without having to signal a PH identifier (ID) in the PH. By not
signaling the PH ID, one or more bits may be removed from the bitstream for each picture, which
adds up over a long video sequence. By eliminating these bits, coding efficiency is improved. In
addition, the encoder/decoder can easily infer that all VCL NAL units between two picture headers
belong to the same picture, that the picture is associated with the first PH between the two PHs,
and that the first YCL NAL unit that follows a PH contains the first slice of the picture associated
with the picture header. Thus, the coder / decoder {aka, “codec”) in video coding is improved
relative to current codecs. As a practical matter, the improved video coding process offers the user
a better user experience when videos are sent, received, and/or viewed.

{00121}  Scalability in video coding usually is supported by using multi-layer coding techniques.
A multi-layer bitstream comprises a base layer (BL) and one or more enhancement layers (ELs).
An example of scalabilities includes spatial scalability, quality / signal-to-noise (SNR) scalability,
multi-view scalability, ete. When a multi-layer coding technique is used, a picture or a past thereof
may be coded (1) without using a reference picture, i.e., using intra prediction; (2) by referencing
to reference pictures that are in the same layer, i.e., using inter prediction; or (3) by referencing to
reference pictures that are in other layer(s), i.e., using inter-layer prediction. A reference picture
used for inter-layer prediction of the current picture is referred to as an inter-layer reference picture
(ILRP),

[00122] FIG. Sis a schematic diagram illustrating an example of layer based prediction 500, for
example as performed to determine MVs at block compression step 105, block decoding step 113,
motion estimation component 221, motion compensation component 219, motion compensation
component 321, and/or motion compensation component 421, Layer based prediction 500 is
compatible with unidirectional inter-prediction and/or bidirectional inter-prediction, but is also
performed between pictures in different layers,

{881237  Layer based prediction 500 is applied between pictures 511, 512, 513, and 514 and

pictures 515, 516, 517, and 518 in different lavers. In the example shown, pictures 511, 512, 513,
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and 514 are part of layer N+1 532 and pictures 515, 516, 517, and 518 are part of layer N 531. A
fayer, such as layer N 531 and/or layer N+1 532, is a group of pictures that are all associated with a
similar value of a characteristic, such as a similar size, quality, resolution, signal to noise ratio,
capability, etc. In the example shown, layer N+1 532 is associated with a larger image size than
faver N 531, Accordingly, pictures 511, 512, 513, and 514 in layer N+1 532 have a larger picture
size (e.g., larger height and width and hence more samples) than pictures 515, 516, 517, and 518 in
layer N 531 in this example. However, such pictures can be separated between layer N+1 532 and
layer N 531 by other characteristics. While only two layers, layer N+1 532 and layer N 531, are
shown, a set of pictures can be separaied into any number of layers based on associated
characteristics. Layer N+1 532 and layer N 531 may also be denoted by a layer ID. A layer ID is
an item of data that is associated with a picture and denotes the picture is part of an indicated layer.
Accordingly, each picture 511-518 may be associated with a corresponding layer H2 to indicate
which layer N+1 532 or layer N 531 includes the corresponding picture.

{60124} Pictures 511-518 in different layers 531-532 are configured to be displaved in the
alternative. As such, pictures S11-518 in different layers 531-532 can share the same temporal
identifier (I3} when the pictures are included in the same AU, As used herein, an AU is a set of
one or more coded pictures associated with the same display time for output from a DPB. For
example, a decoder may decode and display picture S15 at a current display time if a smaller
picture is desired or the decoder may decode and display picture 511 at the current display time if' a
larger picture is desired. As such, pictures 511-514 at higher layer N+1 532 contain substantially
the same image data as corresponding pictures 515-518 at lower layer N 531 (notwithstanding the
difference 1o picture size). Specifically, picture 5311 contains substantially the same 1mage data as
picture 515, picture 512 contains substantially the same image data as picture 516, etc.

[00125] Pictures 511-518 can be coded by reference to other pictures 511-518 in the same layer
N 531 or N+1 532, Coding a picture in reference to ancther picture in the same layer results in
inter-prediction 523, which is compatible unidirectional inter-prediction and/or bidirectional inter-
prediction. Inter-prediction 523 is depicted by solid line arrows. For example, picture 513 may be
coded by emploving inter-prediction 523 using one or two of pictures 511, 512, and/or 514 in layer
N+1 532 as a reference, where one picture is referenced for unidirectional inter-prediction and/or
two pictures are reference for bidirectional inter-prediction. Further, picture 517 may be coded by

employing inter-prediction 523 using one or two of pictures 515, 516, and/or 518 ju layer N 531 as
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a reference, where one picture is referenced for unidirectional inter-prediction and/or two pictures
are reference for bidirectional inter-prediction. When a picture is used as a reference for another
picture in the same layer when performing inter-prediction 523, the picture may be referred to as a
reference picture. For exarple, picture 512 may be a reference picture used to code picture 513
according to inter-prediction 523, Inter-prediction 523 can also be referred to as intra-layer
prediction in a multi-layer context. As such, inter-prediction 523 is a mechanism of coding
samples of a current picture by reference to indicated samples in a reference picture that are
different from the current picture where the reference picture and the current picture are in the
same layer.

{60126} Pictures 511-518 can also be coded by reference to other pictures 511-518 in different
layers. This process is known as inter-layer prediction 521, and is depicted by dashed arrows.
Inter-layer prediction 521 is a mechanism of coding samples of a current picture by reference to
indicated saruples in a reference picture where the current picture and the reference picture are in
different layers and hence have different layer IDs. For example, a picture in a lower layer N 531
can be used as a reference picture to code a corresponding picture at a higher laver N+1 532, Asa
specific example, picture 511 can be coded by reference to picture 515 according to inter-layer
prediction 521, In such a case, the picture 515 is used as an inter-layer reference picture. An inter-
layer reference picture is a reference picture used for inter-layer prediction 521. In most cases,
inter-layer prediction 521 is constrained such that a current picture, such as picture 511, can only
use inter-layer reference picture(s) that are included in the same AU and that are at a lower layer,

such as picture 515, When multiple layers {(e.g., more than two) are available, inter-layer

prediction 521 can encode/decode a current picture based on multiple inter-layer reference
picture(s} at lower levels than the current picture.

{00127 A video encoder can employ layer based prediction 500 to encode pictures 511-518 via
many different combinations and/or permutations of inter-prediction 523 and inter-layer prediction
521, For example, picture 515 may be coded according to intra-prediction. Pictures 516-518 can
then be coded according to inter-prediction 523 by using picture 515 as a reference picture.
Further, picture 511 may be coded according to inter-layer prediction 521 by using picture 515 as
an inter-fayer reference picture. Pictores 512-514 can then be coded according to inter-prediction
523 by using picture 511 as a reference picture. As such, a reference picture can serve as both a

single layer reference picture and an inter-layer reference picture for different coding mechanisms.
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By coding higher layer N+1 532 pictures based on lower layer N 531 pictures, the higher layer
N+1 532 can avoid employing intra-prediction, which has much lower coding efficiency than inter-
prediction 523 and inter-layer prediction 521,  As such, the poor coding efficiency of intra-
prediction can be limited to the smallest/lowest quality pictures, and hence limited to coding the
smallest amount of video data. The pictures used as reference pictures and/or inter-layer reference
pictures can be indicated in entries of reference picture list(s) contained v a reference picture list
structure.

j00128] Each AU 506 in FIG. 5 may contain several pictures. For example, one AU 506 may
contain pictures 511 and 515, Another AU 500 may contain pictures 512 and 516, Indeed, each
AU 506 is a set of one or more coded pictures associated with the same display time (e.g., the same
temporal D) for output from a decoded picture buffer (DPB) (e.g., for display to a user). Each
AUD 508 is an indicator or data structure used to indicate the start of an AU (e.g., AU 506} or the
boundary between AUs.

{00129]  Previous H.26x video coding families have provided support for scalability in separate
profile(s} from the profile(s) for single-laver coding. Scalable video coding (8VC) is the scalable
extension of the AV(/H.264 that provides support for spatial, temporal, and quality scalabilities.
For SVC, a flag is signaled in each macroblock (MB) in EL pictures to indicate whether the EL
MB is predicted using the collocated block from a lower layer. The prediction from the collocated
block may include texture, motion vectors, and/or coding modes. Implementations of SVC cannot
directly reuse unmodified H.264/AVC iruplementations in their design. The SVC EL macroblock
syntax and decoding process differs from H.264/AVC syntax and decoding process.

[00130]  Scalable HEVC (SHVC) is the extension of the HEVC/H 265 standard that provides
support for spatial and quality scalabilities, multiview HEVC (MV-HEVC) is the extension of the
HEVC/H.265 that provides support for multi-view scalability, and 3D HEVC (3D-HEVC) is the
extension of the HEVC/H.264 that provides supports for three dimensional (3D} video coding that
is more advanced and more efficient than MVY-HEVC. Note that the temporal scalability is
included as an integral part of the singie-layer HEVC codec. The design of the multi-laver
extension of HEVC employs the idea where the decoded pictures used for inter-layer prediction
come ouly from the same access unit {AU) and are treated as long-term reference pictures
(LTRPs), and are assigned reference indices in the reference picture list(s) along with other

temporal reference pictures in the current layer. Inter-layer prediction (ILP) is achieved at the
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prediction unit level by setting the value of the reference index to refer to the nter-layer reference
picture(s) in the reference picture fist{s).

{86131} Notably, both reference picture resarnpling and spatial scalability features call for
resampling of a reference picture or part thercof Reference picture resampling (RPR) can be
realized at either the picture level or coding block level. However, when RPR is referred to as a
coding feature, it is a feature for single-layer coding. Even so, it is possible ot even preferable
from a codec design point of view to use the same resampling filter for both the RPR feature of
single-layer coding and the spatial scalability feature for multi-layer coding.

{00132}  FIG 6 illustrates a video bitstream 650 configured to implement a gradual decoding
refresh (GDR) technique 600, As used herein the video bitstrearn 650 may also be referred to as a
coded video bitstream, a bitstream, or variations thereof As shown in FIG. 6, the bitstream 650
comprises a sequence parameter set (SPS) 652, a picture parameter set (PPS) 654, a slice header
656, and image data 658

{00133} The SPS 652 contains data that is common to al the pictures in a sequence of pictures
(SOP). In contrast, the PPS 654 contains data that is common to the entire picture. The slice
header 656 contains information about the current slice such as, for example, the slice type, which
of' the reference pictures will be used, and so on. The SPS 652 and the PPS 654 may be generically
referred to as a parameter set. The SPS 652, the PPS 654, and the slice header 656 are types of
Network Abstraction Layer (NAL) units. A NAL unit is a syntax structure containing an
indication of the type of data to follow (e.g., coded video data). NAL units are classified into video
coding layer {(VCL) and non-YCL NAL units. The VCL NAL units contain the data that
represents the values of the samples in the video pictures, and the non-VCEL NAL units contain any
associated additional information such as parameter sets (important data that can apply to a number
of VCL NAL units) and supplemental enhancement information (timing information and other
supplemental data that may enhance usability of the decoded video signal but are not necessary for
decoding the values of the samples in the video pictures). Those skilled in the art will appreciate
that the bitstream 650 may contain other parameters and information in practical applications.
{00134} The image data 658 of FIG. 6 comprises data associated with the images or video being
encoded or decoded. The image data 658 may be simply referred to as the payload or data being
carried in the bitstream 650, In an embodiment, the image data 658 comprises the CVS 608 {or

CLVE) containing a GDR picture 602, one or more trailing pictures 604, and a recovery poini
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picture 606, In an embodiment, the GDR picture 602 is referred to as a CVS starting (CVSS)
picture. The CVS 608 is a coded video sequence for every coded layer video sequence (CLVS) in
the video bitstream 650. Notably, the CVS and the CLVS are the same when the video bitstream
650 includes a single layer. The CVS and the CLVS are only different when the video bitstream
650 includes multipie layers. In an embodiment, the trailing pictures 604 may be considered a
form of GDR picture since the trailing pictures precede the recovery point picture 606 in the
GDR period.

j00135] In an embodiment, the GDR picture 602, the trailing pictures 604, and the recovery
point picture 606 may define a GDR period in the CVS 608, In an embodiment, a decoding order
begins with the GDR picture 602, continues with the trailing pictures $04, and then proceeds to
the recovery picture 606.

1001367 The CVS 608 is a series of pictures {or portions therecf) starting with the GDR picture
602 and includes all pictures (or portions thereof) up to, but not including, the next GDR picture or
unti! the end of the bitstream. The GDR period is a series of pictures starting with the GDR picture
602 and includes all pictures up to and including the recovery point picture 606. The decoding
process for the CVS 608 always starts at the GDR picture 602

[00137]  As shownin FIG. 6, the GDR technique 600 or principle works over a series of pictures
starting with the GDR picture 602 and ending with the recovery point picture 606. The GDR
picture 602 contains a refreshed / clean region 610 containing blocks that have all been coded
using intra prediction (i.e., intra-predicted blocks) and an un-refreshed / dirty region 612 containing
blocks that have all been coded using inter prediction (i.e., inter-predicted blocks).

{60138} The tralling picture 604 nmmediately adjacent to the GDR picture 602 contains a
refreshed / clean region 610 having a first portion 610A coded using intra prediction and a second
portion 610B coded using inter prediction. The second portion 610B is coded by referencing the
refreshed / clean region 610 of, for example, a preceeding picture within the GIXR period of the
CVS 608. As shown, the refreshed / clean region 610 of the trailing pictures 604 expands as the
coding process moves of progresses in a consistent direction {e.g, from left to right), which
correspondingly shrinks the un-refreshed / dirty region 612, Eventually, the recovery point picture
606, which contains only the refreshed / clean region 610, is obtained from the coding process.

Notably, and as will be further discussed below, the second portion 610B of the refreshed / clean
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region 610, which is coded as inter-predicted blocks, may only refer to the refreshed / clean region
610 n the reference picture.

j00139]  As shown in FIG. 6, the GDR picture 602, the trailing pictures 604, and the recovery
point picture 606 in the CVS 608 are cach contained within their own VCL NAL unit 630, The set
of VCL NAL units 630 in the CVS 608 may be referred to as an access unit.

{60146} In an embodiment, the VCL NAL unit 630 containing the GDR picture 602 in the CVS
608 has a GDR NAL unit type (GDR_NUT). That is, in an embodiment the VCL NAL unit 630
containing the GDR picture 602 in the CVS 608 has its own unique NAL unit type relative to the
trailing pictures 604 and the recovery point picture 606. In an embodiment, the GDR_NUT
permits the bitstream 650 to begin with the GDR picture 602 instead of the bitstream 650 having to
begin with an infra random access point (IRAP) picture. Designating the VCL NAL unit 630 of
the GDR picture 602 as a GDR NUT may indicate to, for example, a decoder that the initial VCL
NAL unit 630 in the CVS 608 contains the GDR picture 602. In an embodiment, the GDR picture
602 is the initial picture in the CVS 608. In an embodiment, the GDR picture 602 is the initial
picture in the GDR. period.

{66141} FIG. 7 is a schematic diagram illustrating an undesirable motion search 700 when using
the encoder restriction to support GDR. As shown, the motion search 700 depicts a current picture
702 and a reference picture 704. The cusrent picture 702 and the reference picture 704 each
include a refreshed region 706 coded with intra prediction, a refreshed region 708 coded with inter
prediction, and an unrefreshed region 710. The refreshed region 706, the refreshed region 708, and
the unrefreshed region 710 are silimiar to the the first portion 610A of the refreshed / clean region
610, the second portion 610B of the refreshed / clean region 610, and the un-refreshed / dirty
region 612 in FIG. 6.

[00142] Durning the motion search 700 process, the encoder is constrained or prevented from
selecting any motion vector 712 that results in some of the samples of the reference block 714
being located outside the refreshed region 706. This occurs even when the reference block 714
provides the best rate-distortion cost criteria when predicting the curent block 716 in the current
picture 702. Thus, FIG. 7 illustrates the reason for non-optimality in the motion search 700 when
using the encoder restriction for supporting GDR.

j001431 FIG. 8 illustrates an embodiment of a video bitstream 800. As used herein the video

bitstream 300 may also be referred to as a coded video bitstream, a bitstream, or variations thereof,
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As shown in FIG. 8, the bitstream 800 comprises at least one picture unit (PU) 801, While three of
the PUs 801 are shown in FIG. 8, a different number of PUs 801 may be present in the bitstream
800 in practical applications. Each PU 801 is a set of NAL units that are associated with each
other according to a specified classification rule, are consecutive in decoding order, and contain
exactly one coded picture {e.g., picture 814).

{66144} In an embodiment, each PU 801 contains one or more of the following: a decoding
capability information (DCH 802, a videc parameter set (VPS) 804, a sequence parameter set
(SPS) 806, a picture parameter set (PPS) 808, a picture header (PH) 812, and a picture 814, Each
of the DCI 802, the VPS 804, the SPS 806, and the PPS 808 may be generically referred to as a
parameter set. In an embodiment, other parameter sets not shown in FIG. 8 may also be included
in the bitstream 800 such as, for example, an adaption parameter set (APS), which is a syntax
structure containing syntax elements that apply to zero or more slices as determined by zero or
more syntax elements found in shice headers.

{00145]  The DCI 802, which may also be referred to a decoding parameter set (DPS) or decoder
parameter set, is a syniax structure containing syntax elements that apply to the entire bitatream.
The DCI 802 includes parameters that stay constant for the lifetime of the video bitstream {(e.g,,
bitstream 800}, which can translate to the lifetime of a session. The DCI 802 can include profile,
fevel, and sub-profile information to determine a maximum complexity interop point that is
guaranteed to be never exceeded, even if splicing of video sequences occurs within a session. It
further optionally includes constraint flags, which indicate that the video bitstream will be
constraint of the use of certain features as indicated by the values of those flags. With this, a
bitstream can be labelled as not using certain tools, which aliows among other things for resource
allocation in a decoder implementation. Like all parameter sets, the DCI 802 is present when first
referenced, and referenced by the very first picture in a video sequence, implying that it has to be
sent among the first NAL units in the bitstreams. While multiple DCIs 802 can be in the bitstream,
the value of the syntax elements therein cannot be inconsistent when being referenced.

j00146] The VPS 804 mncludes decoding dependency or information for reference picture set
construction of enhancement layers. The VPS 804 provides an overall perspective or view of a
scalable sequence, including what types of operation points are provided, the profile, tier, and level
of the operation points, and some other high-level properties of the bitstream that can be used as

the basis for session negotiation and content selection, etc.
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{60147} The SPS 806 contains data that is common to all the pictures in a sequence of pictures
(8OP). The SPS 806 is a syntax structure containing syntax elements that apply to zero or more
entire CLVSs as determined by the content of a syntax element found in the PPS referred to by a
syutax element found in each picture header. In contrast, the PPS 808 contains data that is
common to the entire picture. The PPS 80% is a syntax structure containing syntax elements that
apply to zero or more entire coded pictures as determined by a syntax element found in each
picture header {e.g, PH 812).

[00148] The DCI 802, the VPS 804, the SPS 806, and the PPS 808 are contained in different
types of Network Abstraction Layer (NAL) units. A NAL unit is a syntax structure containing an
indication of the type of data to follow (e.g., coded video data). NAL units are classified into video
coding layer {(VCL) and non-YCL NAL units. The VCL NAL units contain the data that
represents the values of the samples in the video pictures, and the non-VCL NAL units contain any
associated additional information such as parameter sets (important data that can apply to a number
of VCL NAL units) and supplemental enhancement information (timing information and other
supplemental data that may enhance usability of the decoded video signal but are not necessary for
decoding the values of the samples in the video pictures).

[00149] In an embodiment, the DCI 802 is contained in a non-VCL NAL unit designated as a
DCI NAL unit or a BPS NAL unit. That is, the DCI NAL unit has a DCI NAL unit type (NUT)
and the DPS NAL unit has a DPS NUT. In an embodiment, the VPS 804 is contained in a non-
VCL NAL unit designated as a VPS NAL unit. Therefore, the VPS NAL unit has a VPS NUT. In
an embodiment, the SPS 806 is a non-YCL NAL unit designated as a SPS NAL unit. Therefore,
the SPS NAL unit has an 5PS NUT. In an embodiment, the PPS 808 1s contained in a non-YCL
INAL unit designated as a PPS NAL unit. Therefore, the PPS NAL unit has a PPS NUT.

[00150] The PH 812 is a syntax structure containing syntax elements that apply to all shices
(e.g., slices 817-819) of a coded picture (e.g., picture 814). In an embodiment, the PH 8§12 isin a
new type of non-YCL NAL unit designated as a PH NAL unit. Therefore, the PH NAL unit has a
PHNUT (eg., PH NUT). Inan embodiment, there is one and only one PH 812 included in gach
PU 801. That is, the PU 801 contains a single or lone PH 812, In an embodiment, exactly one PH
NAL unit 13 present for each picture 801 in the bitstream 800,

{00151}  In an embodiment, the PH NAL unit associated with the PH 812 has a temporal [ and

a layer 1. The temporal ID indicates the position of the PH NAL unit, in tiroe, relative to the

39



WO 2021/061282 PCT/US2020/045038

other PH NAL units in the bitstream (e.g., bitstream 801). The layer 1D indicates the layer {e.g,
fayer 531 or layer 532) that contains the PH NAL unit. In an embodiment, the temaporal 1D is
similar to, but different from, the POC. The POC uniquely identifies each picture in order. Ina
single layer bitstream, temporal ID and POC would be the same. In a multi-layer bitstream (e g,
see FIG. 5), pictures in the same AU would have different POCs, but the same temporal 1.
{60152} In an embodiment, the picture 814 is partitioned into slices, namely a first slice 817, a
second slice 818, and a third slice 819. The first slice 817 is carried in a first VCL WAL unit 821,
the second slice 818 is carried in a second VCL NAL unit 822, and the third slice 819 is carried in
a third VCL NAL unit. While three slices 817-819 and three VCL WAL units 821-823 are shown
in FIG. 8, the picture 8§14 may be partitioned into a different nurnber of slices carried in a different
number of NAL units in practical applications.

{06153]  In an embodiment, the PH NAL unit precedes the first VCL NAL unit 821 containing
the first slice 817 of the associated picture 814, This establishes the association between the PH
812 and the slices 817-819 of the picture 814 associated with the PH 812 without the need to have
a picture header ID signaled in the PH 812 and referred to from the slice header 820
Consequently, it can be inferred that all VCL NAL units between two PHs 812 belong to the same
picture 814 and that the picture 814 is associated with the first PH 812 in the same PU 801 between
the two PHs 812, In an embodiment, the first VCL NAL unit 821 that follows a PH 812 coniains
the first slice 817 of the picture 814 (e.g, the slice from the top left corner of the picture)
associated with the PH 812 and contained in the PU.

{00154}  In an embodiment, the PH NAL unit follows picture level parameter sets (e.g., the PPS)
or higher level parameter sets such as the DCI (ak a, the DPS), the VPS, the SPS, the PPS, etc.
having both a temporal 1D and a layer 1D less than the temporal D and layer 1D of the PH NAL
unit, respectively. Consequently, those parameter sets are not repeated within a picture or an
access unit. Because of this ordering, the PH 812 can be resolved immediately. That is, parameter
sets that contain parameters relevant to an entire picture are positioned in the bitstream before the
PH NAL unit. Anything that contains parameters for part of a picture is positioned after the PH
WNAL unit.

{60155} In one alternative, the PH NAL unit follows picture level parameter sets and prefix
supplemental enhancement information {SEI} messages, or higher level parameter sets such as the

DCI{aka., the DPS), the VPS, the SPS, the PPS, the APS, the SEI message, ¢ic.
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{60156} In an embodiment, the PH 812 may contain a syntax element (e.g, a flag, etc.) that
specifies the picture type of the picture 814 associated with the PH 812, The picture type may
include, but is not limited to, the following types: an instantaneous decoder refresh (IDR) picture,
a clean random access (CRA) picture, a GDR picture, a non-IRAP picture that is a non-GDR
picture and contains only intra predicted slices (I-slices), a non-IRAP picture that is a non-GDR
picture and contains only uni-directional inter predicted slices (P-slices) and I-slices, and a non-
IRAP picture that is a non-GDR picture and contains only bi-directional inter predicted shices (B-
slices), P-slices, and I-slices. Thus, a single flag in a PH 812 is able to indicate whether all slices
{e.g., slices 817-819) in a picture {e.g,, picture 814} are, for example, slices of a GDR picture (e.g,,
GDR picture 602). This also supports signaling of the recovery point picture order count (POC)
for the GDR picture once in the PH 812 instead of in every slice header (e.g, slice header 820},
{08157]  In an embodiment, one or more syntax elements are signaled in the PH 812 instead of
the slice headers 820 of the picture §14 associated with the PH 812, Those syntax elements are a
PPS ID referred to by the picture 814, a flag specifving whether the picture 814 is a reference
picture or not, a color plane of the picture §14, a POC least significant bit (LSB) of the picture 814,
a recovery point POC if the picture 814 is a GDR pictare (e.g., GDR picture 602), a flag specifying
whether pictures prior to the picture 814 are ocutput, and a flag specifying whether the picture is an
output picture or not. The PPS ID is an identifier that identifies a particular PPS for the picture
814. The color plane of the picture 814 comprises the luma and chroma components {e.g., Y, Ch,
and Cr, etc.) for the picture 814, The POC LSB is the bit {or bits) that identify the POC. The POC
is a variable that is associated with each picture {(e.g, picture 814), uniquely identifies the
associated picture among all pictures in the CLVS, and, when the associated picture is to be output
from the DPB, indicates the position of the associated picture in output order relative to the output
order positions of the other pictures in the same CLVS that are to be output from the DPB. The
recovery point POC is a POC that identifies the recovery point and, consequently, the recovery
point picture.

[00158] Moving these syntax elements from the slice headers 820 to the PH 812 allows the
syntax elements to be signaled once for the entire picture 814 instead of repeating the syntax
elements in each slice header 820. This reduces redundancy and increases coding efficiency.
j001591  The picture 814 is an array of luma samples in monochrome format or an array of luma

samples and two corresponding arrays of chroma samples in 4:2:0, 4:2:2, and 4.4:4 colour format.
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In an embodiment, there is one and only one picture 814 included in cach PU 801, As such, there
is only one PH 812 and only one picture 814 corresponding to that PH 812 in each PU 801, That
is, the PU 801 contains a single or lone picture 814
{60160}  The picture 814 may be either a frame or a field. However, in one CVS 816, either all
pictures 814 are frames or all pictures 814 are fields. The CVS8 816 is a coded video sequence for
every coded layer video sequence {CLVS) in the video bitstream 800, Notably, the CVS 816 and
the CLYS are the same when the video bitstream 800 inchades a single layer. The CVS 816 and
the CLVS are only different when the video bitstream 800 includes multiple layers {e.g, as shown
in FIG. 5).
{00161} The PUs 801 may collectively comprise a CLVS. A CLVS is sequence of PUs 801
with the same value of nuh layer id that consists, in decoding order, of a coded layer video
sequence start {CLVSS) PU, followed by zero or more PUs 801 that are not CLVSS PUs,
including all subsequent PUs 801 up to but not including any subsequent PU 801 that is a CLVSS
PU. A CLVSS PU is a PU 801 in which the coded picture (e.g., picture 814) 15 a CLYVSS picture.
A CLVSS picture is a coded picture that is IRAP picture with a NoGutputBeforeRecoveryFlag
equal to 1 or a GDR picture {e.g, GDR picture 602) with NoOutputBeforeRecoveryFlag equal to
1.
{00162}  Each picture 814 contains one or more slices 817-819. A slice 817-819 is an integer
number of complete tiles or an integer number of consecutive complete CTU rows within a tile of a
picture {(e.g., picture 814). Each slice 817-819 is exclusively contained in a single NAL unit {(e.g,
a VCL NAL unit). Indeed, slice 817 is contained in VCL NAL unit 821, slice 818 is contained in
/CL NAL unit 822, and slice 819 is contained m VCL NAL unit 823, A tile (not shown) is a
rectangular region of CTUs within a particular tile column and a particular tile row in a picture
{e.g., picture 814). A tile 15 a partitioned portion of a picture created by horizontal and vertical
boundaries. Tiles may be rectangular and/or square. Specifically, a tile includes four sides that are
connected at right angles. The four sides include two pair of paraliel sides. Further, the sides in a
parailel side pair are of equal length. As such, a tile may be any rectanguiar shape, where a square
is a special case of a rectangle where all four sides are of equal length. An image/picture can
contain one or more tiles. A CTU {(not shown) is a CTB of luma samples, two corresponding
CTBs of chroma samples of a picture that has three sample arrays, or a CTB of samples of a

monochrome picture or a picture that is coded using three separate color planes and syntax
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structures used to code the samples. A CTB (not shown) is an NxIN block of samples for some
value of N such that the division of a component into CUTBs is a partitioning. A block (not shown)
is an MxN (M-column by N-row) array of samples (e.g., pixels), or an MxN array of transform
coefficients.

{60163} In an embodiment, each slice 817-819 contains a slice header 820. A slice header 820
is the part of the coded slice 817-819 containing the data elements pertainivg to all tiles or CTU
rows within a tile represented in the slice 817-819. That is, the slice header 820 contains
information about the slice 817-819 such as, for example, the slice type, which of the reference
pictures wifl be used, and so on. The PH 13 is referred to by a slice header corresponding to the
slices.

{00164} The pictures 814 and their slices 817-819 comprise data associated with the images or
video being encoded or decoded. Thus, the pictures 814 and their slices 817-819 may be simply
referred to as the payload or data being carried in the bitstream 800.

{00165} Those skilled in the art will appreciate that the bitstream 800 may contain other
parameters and information in practical applications.

{60166 FIG 9 is an embodiment of a method 900 of decoding implemented by a video
decoder (e.g., video decoder 400). The method 900 may be performed after a bitstream has been
directly or indirectly received from a video encoder {e.g, video encoder 300). The method 900
improves the decoding process by ensuring that a picture header (PH) network abstraction layer
(NAL) unit precedes a first video coding layer (VCL) NAL unit in a picture unit (PU). This
establishes the association between a picture header (PH) in the PH NAL unit and slices of a
picture associated with the PH without having to signal a PH identifier (ID) in the PH. By not
signaling the PH ID, one or more bits may be removed from the bitstream for each picture, which
adds up over a long video sequence. By eliminating these bits, coding efficiency is improved. In
addition, the encoder/decoder can easily infer that all VCL NAL units between two picture headers
belong to the same picture, that the picture is associated with the first PH between the two PHs,
and that the first VCL NAL unit that follows a PH contains the first slice of the picture associated
with the picture header. Thus, the coder / decoder (a ka., “codec”) in video coding is improved
relative to current codecs. As a practical matter, the improved video coding process offers the user

a better user experience when videos are sent, received, and/or viewed.
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{60167}  In block 902, the video decoder receives a video bitstream (e.g., video bitstream 800)
including a PU {e.g., PU 801). The PU contains a PH NAL untt preceding a first VCL WAL unit
(e.g., VCL NAL unit 821} That is, the PH NAL unit is positioned or located chronologically or
teraporally before or prior to the first VCL NAL unit in the PU. In an embodiment, the PH NAL
unit in the PU precedes each VCL NAL unit {e.g., VCL NAL units 821-823) in the PU inclusive
of the first VCL NAL untt (VCL NAL unit 821). As used herein, the first VCL NAL unit means
the first or initial VCL NAL unit within the PU. As such, all of the slices (e.g., slices 817-819)
in the PU are contained in VCL NAL units and therefore follow the PH.

{60168}  In an embodiment, the PU contains only one PH (e.g., PH 812} In an embodiment,
the coded picture {e.g., picture 814) is the only picture in the PU. In an embodiment, the NAL
unit contains a PH (e.g., PH 812). In an embodiment, the first VCL NAL unit contains a slice of
the coded picture.

{60169}  In an embodiment, the PH NAL unit is a non-VCL NAL unit. In an embodiment, the
PH NAL unit contains the only one PH. 1n an embodiment, the only one PH in the PH NAL unit
contains syntax elements that apply to all slices of the coded picture. In an embodiment, the PH
NAL unit has a PH NAL unit type (PH_NUT).

[00176] In block 904, the video decoder decodes the coded picture from the PU to obtain a
decoded picture. In an embodiment, decoding the PU comprises decoding the various slices 818 of
the picture 814 in accordance with the information or instructions in one or more of the DCI 802,
the VBS 804, the SPS 806, the PPS 808, the PH 812, and the slice header 820, Once decoded, the
picture 814 may be used to generate or produce an image or video sequence for display to a user
oun the display or screen of an electronic device {e.g., a smart phone, tablet, laptop, personal
computer, etc.).

{00171} FIG. 10 is an embodiment of a method 1000 of encoding a wvideo bitstream
implemented by a video encoder {(e.g., video encoder 300). The method 1000 may be performed
when a picture {e.g, from a video} is to be encoded into & video bitstrearn and then transmitted
toward a video decoder {(e.g., video decoder 400). The method 1000 improves the encoding
process ensuring that a picture header (PH) network abstraction layer (NALY unit precedes a first
video coding layer (VCL) NAL unit in a picture unit (PU). This establishes the association
between a picture header (PH) in the PH NAL unit and slices of a picture associated with the PH

without having to signal a PH identifier (ID) in the PH. By not signaling the PH ID, one or more
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bits may be removed from the bitstrearn for each picture, which adds up over a long video
sequence. By eliminating these bits, coding efficiency is wmproved.  In addition, the
encoder/decoder can easily infer that all VCL NAL units between two picture headers belong to
the same picture, that the picture is associated with the first PH between the two PHs, and that the
first VCL NAL unit that follows a PH contains the first slice of the picture associated with the
picture header. Thus, the coder / decoder (ak a., “codec”) in video coding is improved relative to
current codecs. As a practical matter, the improved video coding process offers the user a better
user experience when videos are sent, received, and/or viewed.

{60172} In block 1002, the video encoder generates a PU {e.g., PU 801}, The PU contains a
PH NAL unit preceding a first YCL NAL unit of the PU. That is, the PH NAL unit is positioned
or located chronologically or temporally before or prior to the first VCL NAL unit (e.g., VCL
NAL unit 821} in the PU. In an embodiment, the PH NAL unit in the PU precedes each VCL
NAL unit (e.g., VCL NAL units 821-823) in the PU inclusive of the first VCL NAL unit (e.g.,
YCL NAL unit 821). As used herein, the first VCL NAL unit means the first or initial VCL
NAL unit withio the PU. As such, all of the slices {e.g., slices 817-819) in the PU are contained
in VCL NAL units and therefore follow the PH.

j66173] In an embodiment, the NAL unit is a PH NAL unit. In an embodiment, the NAL unit
is a non-VCL NAL unit. In an embodiment, the NAL unit contains a PH (e.g., PH 812},

{06174} In an embodiment, the PU contains only one PH and a coded picture {(e.g., picture
814). In an embodiment, the coded picture is the only picture in the PU. In an embodiment, the
PH NAL unit in the PU precedes each VCL NAL unit in the PU inclusive of the first VCL NAL
unit. In an embodiment, the first VCL NAL unit contains a slice {e.g., slice 818) of the coded
picture. In an embodiment, the PH NAL unit has a PH NAL unit type (PH_NUT).

[00175] In block 1004, the video encoder encodes the PU into a video bitstream (e g., the
bitstream 800). In block 1006, the video encoder stores the video bitstream for communication
toward a video decoder. The video bitstream may be stored in memory until the video bitstream
is transmitted toward the video decoder. Once received by the video decoder, the encoded video
bitstream may be decoded (e.g., as described above) to generate or produce an image or video
sequence for display to a user on the display or screen of an electronic device (e.g., a smart

phone, tablet, laptop, personal computer, etc.).
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{60176} The following syntax and semantics may be employed to implement the embodiments
disclosed herein. The following description is relative to the basis text, which is the latest VVC
draft specification. In other words, only the delta is described, while the text in the basis text that

are not mentioned below apply as they are. Added text relative to the basis text is shown in bold,

and removed text is shown in italics.

{661777  The picture header RBSP syntax.

PCT/US2020/045038

picture header rbsp{}{ Descriptor
pic_type u(3}
pic_parameter set id uel{v)
non_veference picture flag u{l})
if{ separate_colour plane flag == 1)
colour plane id u{2}
pic_order_cnt_lsb u(v}
if{ pic_type == 2}
recovery_poc_cni uelv)
if{pic_type == 8 || pic_type == 1 || pic_type == 1)
ne_output of prior pics fiag ui{l}
if{ output flag present flag )
pic_output flag w{i}
if { pic_type = 0 && pic type = 1 && pic type != 3)
if( sps_temperal mvp enabled flag &&
Ipps temporal mvp enabled ide)
pic_temporal mvp enabled f{lag uil)

j00178]  The slice header RBSP syntax.
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slice_header( ) { Descript
or

slice pic parameter set id ue(v)
if rect_slice flag || NumBricksinPic> 1)

slice address u{v)
iff lrect slice flag && Isingle brick per shice flag)

num bricks in slice minus! ue(v)
non_reference picture flag ufl)
iff pic_type = 0 && pic_type = 1 && pic type I= 3)

slice type ue{v)
iff separate colowr plane flag ==1)

colour plane id u(2)
slice pic order cnt Ish u{v)
iff nal unit type = = GDR NUT')

recovery poc cinl nefv)
ift nal unit type == IDR W RADIL || nal unit type == IDR N LP ||

nal unit type = = CRA NUT || nal wnit type = = GDR NUT)

no outprt of prior pics flag u(l)
i output_flag present_flag )

pic_output flag u(l)
iff slice type 1= 1} {

if{ sps temporal mvp enabled flag &&

lpps temporal mvp enabled idc )
slice temporal mvp enabled flag uil)
i slice type == B && lpps mvd 11 zero idc )
mvd 11 zero flag u(l)
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[00179]  The picture header RBSP semantics.

{60180}  The picture header contains information that is common for all slices of the coded
picture for which the next VCL NAL unit in decoding order is the first coded slice.

{00181} pic_type indicates the characterization of the coded pictures as listed in Table 7-3
for the given value of pic_type. The value of pic_type shall be equal to § to 5, inclusive, in
bitstreams conforming to this version of this Specification. Other values of pic type are
reserved for future use by ITU-T | ISGVIEC, Decoders conforming to this version of this
Specification shall ignore reserved values of pic_type,

Table 7-3 — Interpretation of pic_type

pic_type | characterization of the coded picture

¢ The coded picture is an DR picture,

1 The coded picture is a CRA picture,

2 The coded picture is 3 GDR picture.

3 The coded picture is a non-IRAP, non-GDR picture and contains I slices only.

s The coded picture is a non-JRAP, non-GDR picture and contains P and 1 slices
only.

5 The coded picture is a non-1RAP, non-GDR picture and contains B, P, and I slices.

{06182} pic_parameter set id specifies the value of pps_pic _parameter set id for the PPS

in use. The value of pic_parameter set id shall be in the range of 0 to 63, inclusive.
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[60183] non referemce picture flag equal to 1 specifies the picture associated with the
picture header is never used as a reference picture, non_reference picture flag equal to ©
specifies the picture may or may not be used as a reference picture.

{06184} colour plane id specifies the colour plane associated with the picture associated
with the picture header when separate colour plane flag is eqgual to 1. The value of
colour plane id shall be in the range of 0 to 2, inclusive. colour plane id values §, 1 and 2
covrespond to the Y, Ch and Cr planes, respectively.

j00185] MNOTE - : There is no dependency between the decoding processes of pictures
having different values of colour_plane id.

{60186} pic_order_cnt_Isb specifies the picture order count modulo MaxPicOrderCntlsh
for the picture associated with the picture beader. The length of the pic_order cnt Ish syntax
element is log2 _max pic order_cnt Isb minusd + 4 bits. The value of the pic_order_cnt Ish
shall be in the range of 8 to MaxPicOrderCantlsb — 1, inclusive.

{0G187]  recovery_poc_cnt specifies the recovery point of decoded pictures in oniput order.
If there is a picture picA that follows the current GDR picture in decoding order in the CVS
and that has PicOrderCntVal egual {0 the PicOrderCntVal of the current GDR picture plus
the value of recovery poc_cnt, the picture picA is referred to as the recovery peint picture,
Otherwise, the first picture in ouiput order that has PieOrderUntVal greater than the
PicOrderCntVal of the current picture plus the value of recovery _pec cnt is referred {o as
the recovery point picture. The recovery point picture shall not precede the current GDR
picture in decoding order. The value of recovery poc cnt shall be in the range of ¢ o
MaxPicOrderCntlsb — 1, inclusive,

j00188] The variable RpPicOrderCntVal is derived as follows:

{6061897 RpPicOrderCntVal = PicOrderCntVal + recovery_poc_cnt {7-94)
{60190} ne_outpui of prior pics flag affects the output of previousty-decoded pictures in
the decoded picture buffer afier the decoding of a CLVSS picture that is not the first picture
in the bitstream as specified in Annex C,

{60191} pic_ocutput_flag affects the decoded picture output and removal processes as
specified in Annex C, When pic_output flag is not present, it is inferred to be equal to 1.
{00192} pic_temporal mvp enabled flag specifies whether ftemporal motion vector

predictors can be used for inter prediction. If pic temporal mvp enabled flag is equal to 0,

49



WO 2021/061282 PCT/US2020/045038

the syntax elements of the picture associated with the picture header shall be constrained
such that no temporal motion vector predictor is used in decoding of the picture. Otherwise
{pic_temporal mvp_enabled flag is equal to 1), temporal metion vector predicters may be
used in decoding of the picture.
{60193} When pic_temporal_mvp enabled flag is not present, the following applies:
[06194] - If sps temporal mvp enabled flag is equal te 0, the vwvalue of
pic_temporal_mvp enabled flagis inferred {0 be equal to 8.
{00195} -~ Otherwise (sps_temporal mvp enabled flag is equal to 1), the value of
pic_temporal mvp enabled flag is inferred to be equal {o pps_temporal mvp enabled idc —
i.
{60196}  The NAL unit header semantics,
1061977  nuh layer id specifies the identifier of the layer to which a VCL NAL unit belongs or
the identifier of a layer to which a non-VCL NAL unit applies.
{60198}  The value of nuh_layer id shall be the same for all VCL NAL units of a coded picture.
The value of nah _layer id of a coded picture or a layer access unit is the value of the nah layer id
of the VCL NAL units of the coded picture or the layer access unit.
{00199]  When nal unit type is equal to PH NUT, the value of nuh _layer id shall be equal
to the value of nub _laver id of the VCL NAL units of the layer access unit containing the
picture header NAL unit.

Table 7-1 — NAL unit type codes and NAL unit type classes

nal unit typ Name of Countent of NAL unit and RBSP syntax structure | NAL unit
e nal unit_type type class
0 TRAIL NUT Coded slice of a trailing picture VCL

slice layer rbsp()

] STSA NUT Coded slice of an STSA picture VCL

2 RASL NUT Coded slice of a RASL picture VL
slice layer rbsp()
3 RADIL NUT Coded slice of a RADL picture VL
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slice_layer rbsp()
4.7 RSV VCL 4. Reserved nou-IRAP VCL NAL unit types VCL
RSV _VCL 7
3 IDR W RADL | Coded slice of an IDR picture VCL
9 IDR_N_LP slice_layer rbsp()
10 CRA NUT Coded slice of a CRA picture VCL
silce layer rbsp()
1 GDR_NUT Coded slice of'a GDR picture VL
slice layer rhsp()}
12 RSV IRAP VO | Reserved IRAP VCL NAL unit types VL
13 Li2
RSV IRAP VC
Li3
14..15 RSY _VCL14. Reserved non-IRAP VUL NAL unit types VCL
RSV VCLIS
16 SPS NUT Sequence parameter set non-VCL
seq parameter set rbsp( )
17 PPS NUT Picture parameter set non-YCL
pic_parameter set rbsp( )
18 APS NUT Adaptation parameter set non-YCL
adaptation_parameter_set rbsp( )
19 PH NUT Picture header non-YCL
pictare_header rbsp()
20 EOS NUT End of sequence non-YCL
end of seq rbap()
21 EOB NUT End of hitstream non-YCL

end of bitstream rbsp( )
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22,23 PREFIX SEI N | Supplemental enhancement information non-YCL
ur sei_rbsp( )
SUFFIX_SEI N
UT
24 DPS NUT Decoding parameter set non-VCL

decoding parameter_set_rbsp()

25.27 RSY NVCL25. | Reserved non-YCL NAL unit types non-VCL
RSV NVCL27

28.31 UNSPEC28.. Unspecitied non-YCL NAL unit types non-YCL
UNSPEC31

{00200} oub_temporal id plusi minus 1 specifies a teroporal identifier for the NAL unit.
{60201}  The value of nuh _temporal id plusi shall not be equal to O.

{60282} The variable Temporalld is derived as follows:

{606203] Temporalld = nub_temporal id plusi — 1 {(7-1)

{00204} When nal unit type is in the range of IDR W RADL to RSV IRAP VCLI3,
inclusive, Temporalld shall be equal to 0.

[060205]  When nal unit_type is equal to STSA NUT, Temporalld shall not be equal to 0.
{00286] The value of Temporalld shall be the same for all VCL NAL units of a layer access
unit. The value of Temporalld of a coded picture or a layer access unit is the value of the
Temporalld of the VCL NAL units of the coded picture or the layer access unit. [Ed. (YK): Check
whether all layer Alls in an AU should be required to have the same value of Temporalld.] The
value of Temporalld of a sub-layer representation is the greatest value of Temporalld of all VCL
NAL units in the sub-layer representation.

{00267}  The value of Temporalld for non-VCL NAL units is constrained as follows:

{60208 ~ If nal unit type is equal to BPS NUT, VPS NUT, or 8PS NUT, Temporalld is
equal to 0 and the Temporalld of the layer access unit containing the NAL unit shall be equal to 0.
{00209 — Otherwise, if nal_wnit_type is equal to PH_NUT, Temporalld shall be equal to

the Temporalld of the layer access unit containing the NAL unit.
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{60210} — Otherwise, when nal unit type is not equal to EOS NUT and not equal to
EOB_NUT, Temporalld shall be greater than or equal to the Temporalld of the layer access unit
containing the NAL unit.

{60211} NOTE 5 — When the NAL unit 15 a non-VCL NAL unit, the value of Temporalid is
equal to the minimum value of the Temporalld values of all layer access units to which the non-
be greater than or equal to the Temporalld of the containing layer access unit, as all FPSs and
APSs may be included in the beginning of a bitstream, wherein the first coded picture has
Temporalld equal to O When nal unit type s equal to PREFIX SEI NUT or
SUFFIX _SEI NUT, Temporalld may be greater than or equal to the Temporalld of the containing
layer access unit, as an SEI NAL unit may contain information that applies to a bitstream subset
that includes layer access units for which the Temporalld values are greater than the Temporalld of
the layer access unit containing the SEI NAL unit.

{60212}  Order of NAL units and coded pictures and their association to layer access units and
access units.

{60213}  This clause specifies the order of NAL units and coded pictures and their association to
laver access units and access units for CVSs that conform to one or more of the profiles specified
in Annex A and that are decoded using the decoding process specified in clauses 2 through 10
{00214} A layer access unit consists of one picture header NAL unit, one coded picture,
which comprises of one or more VCL NAL units, and zero or more VCL NAL units and zero or
more non-YCL WAL units. The association of VCL NAL units to coded pictures is described in
clause 7.4.2.4.4.

{60215}  An access unit consists of an access unit delimiter NAL unit and one or more layer
access units in increasing order of nuh layer id.

{00216}  The first access unit in the bitstream starts with the first NAL unit of the bitstream.
j08217] Let firstPicHeaderNallUnitinAu be a picture header NAL unit that is the picture
header of the first coded picture for which the derived PicOrderCntVal differs from the
PicOrderCntVal of the previous coded picture. The first of any of the following NAL units
preceding firstPicHeaderNalUnitlnAu and succeeding the last VCL NAL unit preceding
firstPicHeaderNalUnitinAuw, if any, specifies the start of a new access units

i00218] -~ DPS5 NAL unit (when present),
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{06219 -~ VPSS NAL unit (when present),

{60220] - SPS NAL unit (when present),

j60221} -~ PPS NAL unit (when present},

{06222 — APS NAL unit (when present),

j00223] ~ Prefix SEI NAL unit (when present},

{00224} - MNAL units with nal_unit_type in the range of
RSY_NVCL_25.RSV_NVCL. 26 (when present),

j00225] -~ NAL units with nal_unit type in the range of UNSPEC28.UNSPEC2ZS (when
present).

{60226} NOTE -~ The first NAL unit preceding firstPicHeaderNalUnitinAu and
suecceeding the last VCL NAL unit preceding firstPicHeaderNalUnitinAw, if any, can enly be
one of the above-listed NAL units.

1002277  When there is none of the above NAL units preceding firstPicHeaderNalUnitinAu
and succeeding the last VUL NAL preceding 8rstPicHeaderNallUnitindn, if any,
firstPicHeaderNalUnitInAu starts a new access unit.

{00228}  The order of the coded pictures and non-VCL NAL units within a layer access unit or
an access unit shall obey the following constraints:

j00229] - Each layer access unit shall include one and only one picture header NAL unit,
which shall precede the first VCL NAL unit of the layer access unit.

[00230] - When any DPS NAL units, VPS NAL units, SPS NAL units, or PPS NAL units
are present in a layer access unit, they shall precede the picture header NAL unit of the layer
access unit,

{00231} -~ When any APS NAL units, prefix SEI NAL units, NAL units with nal unit type in
the range of RSV _NVCL 25 RSV NVCL 26, or NAL units with nal unit_type in the range of
UNSPEC28. UNSPEC29 are present in a layer access unit, they shall not follow the last VCL NAL
unit of the layer access unit.

j06232] -~ NAL units having nal unit_type equal to SUFFIX_SEI NUT or RSV _NVCL 27,
or in the range of UNSPEC30. UNSPEC31 in a layer access unit shall not precede the first VCL

NAL unit of the layer access unit.
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{60233} - When an end of sequence NAL unit is present in an access umit, if shall be the last
NAL unit among all NAL units within the access unit other than an end of bitstream NAL unit
{when present}.

{60234} - When an end of bitstream NAL unit is present in an access unit, it shall be the last
WAL unit in the access unit.

{60235}  Slice header RBSP semantics.

1002361 When present, the value of each of the slice header syntax elements
slice pic parameter set id, non_reference picture flag, colowr plane id,
slice pic order cnt Ish, recovery poc cnt, no ouiput of priov pics flag, pic output flag, and
sfice temporal mvp enabled flag shall be the scine in il slice headers of a coded picture.

{60237}  The variable CuQpDeltaVal, specifving the difference between a luma quantization
parameter for the coding unit containing cu_qp_delta_abs and its prediction, is set equal to 0. The
variables CuQpOffsete,, CuOQpOitsete, and CuQpOffsetope,. specifying values to be used when
determining the respective values of the Qp'cps, Qp'cr, and Qp'cver quantization parameters for the
coding unit containing cu_chroma_gp_offset flag, are all set equal to 0.

{00238}  slice pic parameter set id specifies the value of pps pic pavameter set id for the
PPS inuse. The value of slice_pic parameter set id shall be in the range of 0 to 63, inclusive.
j00239} It is a requirement of bitstream conformance that the value of Temporalld of the current
picture shall be greater than or equal to the value of Temporalld of the PPS that has
pps_pic_parameter set id equal to slice pic_parameter set id

{00240}  slice address specifies the slice address of the slice. When not present, the value of
slice _address s inferred to be equal to 0.

{00241}  [frect slice flag is equal to 0, the following applies:

[00242] - The slice address is the brick ID as specified by Equation (7-59).

j002437 - The length of slice_address is Ceil{ Log2 ( NumBricksinPic ) ) bits.

{00244} - The value of slice address shall be in the range of 0 to NumBricksinPic — 1,
inclusive.

{00245}  Otherwise {rect_slice flag is equal to 1), the following applies:

{60246} - The slice address is the slice 1D of the shice.
j00247F - The length of slice address is signalled slice id length minust + 1 bits.
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{00248}  If signalied slice id flag is equal to 0, the value of slice_address shall be in the range
of 0 to num_shices_in_pic_minusi, inclusive. Otherwise, the value of slice_address shall be in the
range of () to 2 Sewatied shie id length minusi +1) 1 o chysive.,

j00249] It s a requirement of bitstream conformance that the following constraints apply:
{00250} - The value of slice_address shall not be equal to the value of slice address of any
other coded slice NAL unit of the same coded picture.

{06251 -  When rect slice flag is equal to 0, the slices of a picture shall be in increasing order
of their slice_address values.

{00252} - The shapes of the slices of a picture shall be such that each brick, when decoded,
shall have its entire left boundary and entire top boundary consisting of a picture boundary or
consisting of boundaries of previously decoded brick(s).

1062531 num bricks in slice minusl, when present, specifies the number of bricks in the slice

minus 1. The wvalue of num bricks in slice minuslt shall be in the range of 0 to

single brick per slice flag is equal to 1, the value of num_bricks in slice minus! is inferred to
be equal t0 0.
{00254}  The variable NumBrickslnCurrSlice, which specifies the number of bricks in the
current slice, and SliceBrickIdx[ i ], which specifies the brick index of the i-th brick in the current
shice, are derived as follows:
if{ rect_slice flag ) {
sliceldx =0
while( slice address != slice idf shiceldx })
shiceldx++
NumBricksIinCurrSlice = NumBricksInSlice{ sliceldx §
brickidx = TopLefiBrickldx| sliceldx |
for{ bldx = 0; brickldx <= BottomRightBrickldx| sliceldx |; brickidx++} 7-92)
if{ BricksToSliceMap] brickidx ] == sliceldx )
ShiceBrickIdx] bldx++ | = brickldx

.-
}else {
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SliceBrickldx] 0 | = slice address
for( 1 = 1; 1 < NumBricksInCurrSlice; i++ )

SliceBrickidx] 1 } = ShiceBrickldxfi— 1]+ 1

{00255} The wvariables SubPicldx, SubPicLefiBoundaryPos, SubPicTopBoundaryPos,

SubPicRightBoundaryPos, and SubPicBotBoundaryPos are derived as follows:

SubPicldx = CtbToSubPicldx| CtbAddrBsToRs| FirstCtbAddrBs] SliceBrickldx[ 01111

SubPicRightBoundaryPos = { SubPicLefi] SubPicidx |+ SubPicWidth] SubPicldx }) *

{ subpic_grid col width minusl +1)*4 (7-93)
SubPicTopBoundaryPos =
SubPicTop[ SubPicldx | * (subpic_grid row height minusl +1)* 4

SubPicBotBoundaryPos = { SubPicTop| SubPicldx |+ SubPicHeight{ SubPicldx }) *

{ subpic_grid row height minusl +1)*4

}

{00236]  non reference picture flag equal to 1 specifies that the picture containing the slice is

containing the stice may or may not be used as a reference picture.

j002571  slice type specifies the coding type of the slice according to Table 7-11.

slice type Name of slice_type
¢ B (B slice)
1 P (P slice)
2 I {1 slice)

[606258]  When nal unit type is a value of nal unit type in the range of IDR W RADL to

CRA NUT, inclusive, and the current picture is the first picture in an access unit, slice type shall

be equal to 2. When not present, the value of slice_type is inferred {0 be equal to 2.
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{00259} colour plane id specifies the colour plane associated with the current slice RBSP
when separate _colour plane flag is equal to 1. The value of colowr plane id shall be in the range
of 0 to 2, inclusive. colouwr plane id values 0, 1 and 2 corvespond to the ¥, Cb and Cr planes,
respectively.

{00260 NOTE - There is no dependency between the decoding processes of pictures having
different values of colour plane id.

100261)  slice pic order cnt lsh specifies the picture order cownt modulo MaxPicOrderCntl sbh
Jor the current picture. The length of the slice pic order cnt Ish syntax  element is
log2 max pic order cni Isb minusd + 4 bits. The value of the slice pic order cnt [sh shall be in
the range of 0 to MaxPicOrderCntlsh — 1, inclusive.

{00262}  recovery poc cnf specifies the recovery point of decoded pictures in output order. If
there is a picture picA that follows the curvent GDR picture in decoding order in the CVS and that
has PicOrderCatVal equal to the PicOrderCntVal of the current GDR picture plus the value of
recovery poc cnt, the picture picA is referved to as the recovery point picture. Otherwise, the fivst
picture in ouiput order that has PicOrderCntVal greater than the PicOrderCntVal of the current
picture plus the value of recovery poc cnt is referred fo as the recovery point picture. The
recovery point picture shall not precede the current GDR picture in decoding order. The value of
recovery poc cit sholl be in the range of O fo MoaxPicOrderCutl sb — 1, inclusive.

{00263}  The variable RpPicOrderCntVal is devived as follows:

100264]  RpPicOrderCntVal = PicOrderCntVal + recovery poc cnt (7-94}

188265]  no ouiput of prior pics flag affects the outpur of previously-decoded pictures in the
decoded picture buffer after the decoding of o CLVSS picture that is not the first picture in the
bitstream as specified in Annex C.

100266}  pic outpm flag affects the decoded picture output and removal processes as specified
in Amnex C. When pic_output_flag is not present, it is inferved to be equal to 1.

100267} slice temporal mvp enabled flag specifies whether temporal motion vecior predictors
can be used jor inter prediction. If slice temporal mvp enabled flag is equal o 0, the syniax
elements of the current picture shall be constrained such that no temporal motion vector predictor
iz used in decoding of the curvent picture. Otherwise (slice temporal wvp enabled flag is equal
to 1}, temporal motion vector predictors may be used in decoding of the current picture.

{00268}  When slice temporal mvp enabled flag is not present, the following applies:
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{00269} If  sps temporal mvp enabled flag s equal  to 0,  the value  of
slice temporal mvp enabled flag is inferved to be equal to 0.

[002707  Otherwise (sps temporal mvp enabled flag 1s equal to 1), the value of
sfice temporal mvp enabled flag is inferved 1o be equal to pps_ temporal mvp enabled ide — 1.
{00271} mvd {1 zero flag equal to I indicates that the mvd coding(x0, y0, I ) syntax structure
is not parsed and MyvdL1{ x0 [f y0 [i compldx | and MydL1{ x0 [f y0 j{ cplds Jf compldyx | are set
equal to O for compldx = 0.1 and cpldy = 0..2. mvd 11 zero flag equal to § indicates that the
mvd coding{ <0, y0, 1} syntax  structure s parsed. When not present, the value of
{60272} Decoding process for picture order count.

{602731  Output of'this process is PicOrderCntVal, the picture order count of the current picture.
{06274] Each coded picture i1s associated with a picture order count variable, denocted as
PicOrderCutVal.

{60275}  When the current picture is not a CLVSS picture, the variables prevPicOrderCntLsb
and prevPicOrderCniMsb are derived as follows:

{60276} - Let prevTidOPic be the previous picture in decoding order that has nuh layer id
equal to the nuh layer id of the current picture and Temporalld equal to O and that is not a RASL

or RADL picture.

[00277F - The variable prevPicOrderCntlsb is set equal to pic order cnt Ish of
prevTidOPic.

{00278 - The variable prevPicOrderCntMsb is set equal to PicOrderCntMsb of prevTid0Pic.
j00279]  The variable PicOrderCntMsb of the current picture is derived as follows:

{00280} - Ifthe current picture is a CLYSS picture, PicOrderCntMsb is set equal to 0.

{00281} - Otherwise, PicOrderCntMsb is derived as follows:

if{ { pic_order_cnt Isbh < prevPicOrderCntlsb ) &&
{ ( prevPicOrderCntLsh — pic_order ent Ish ) >= ( MaxPicOrderCntlsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntlsb {8-1)
else if{ (pic_order cmt Ish > prevPicOrderCntlsb ) &&
{ { pic_order_ent_Isb — prevPicOrderCatLsh ) > { MaxPicOrderCatlsb /2 )} )
PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb
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else
PicOrderCntMsb = prevPicOrderCatMsb
j00282] PicOrderCntVal is derived as follows:

PicOrderCntVal = PicOrderCutMsb + pic_order_cnt Ish (8-2)

{00283] NOTE 1~ All CLVSS pictures will have PicOrderCntVal equal to pic_order cut Ish
since for CLVSS pictures PicOrderCntMsb is set equal to 0.

[00284]  The value of PicOrderCntVal shall be in the range of ~2°! to 2™ — 1, inclusive.

{00285}  In one CVS§, the PicOrderCntVal values for any two coded pictures with the same value
[00286]  All pictures in any particular access unit shall have the same value of PicOrderCntVal.

i00287]  The function PicOrderCnt{ picX ) is specified as follows:

PicOrderCnt( picX } = PicOrderCnt Val of the picture picX (8-3)

{00288}  The function DiffPicOrderCni picA, picB ) is specified as follows:

DiffPicOrderCnt( picA, picB ) = PicOrderCnt( picA )} — PicOrderCnt{ picB ) (8-4)

{00289} The bitstream shall not contain data that result i values of
DiffPicOrderCnt{ picA, picB ) used in the decoding process that are not in the range of ~2" to
2% =1, inclusive.

j00290] NOTE 2 — Let X be the current picture and Y and Z be two other pictures in the same
CVS, Y and Z are considered to be in the same ocutput order direction from X when both
DiffPicOrderCni( X, Y ) and DiffPicOrderCnt{ X, Z ) are positive or both are negative.

{00291}  General decoding process for generating unavailable reference pictures.

{60292}  This process is invoked once per coded picture when the current picture is a CRA
picture  with  NolncorrectPicOutputFlag  equal to 1 or a GDR  pictare  with
NolncorrectPicOutputFlag equal to 1.

{60293}  When this process is invoked, the following applies:

{00294} - Foreach RefPicList] 1 J[ j 1, with 1 in the range of 0 to 1, inclusive, and j in the
range of O to rum ref entries] 1 }[ Rplsldx[i]]— 1, inclusive, that is equal to “no reference

picture,” a picture is generated as specitied in subclause 8.3 4.2 and the following applies.
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{60295} - The value of nuh layer id for the generated picture is set equal to nuh _layer id of
the current picture.

186296] - If st ref pic flag{: [ Rplsldxf 1] }{ ] is egual to 1, the value of PicOrderCntVal
for the generated picture 15 set equal to RefPicPocList] 1 ][ j | and the generated picture is marked
as “used for short-term reference.”

[602977 - Otherwise (st ref pic flagf 1} Rplsldx[i JJ[j}] is equal to 0), the value of
PicOrderCntVal for the generated picture is set equal to RefPicLtPocList[ 1 ][], the value of
pic_order ent Isb  for the generated vpicture 18 inferred to  be o equal to
{ RetPicltPoclist] 1 ][ | & { MaxPicOrderCntLsb — 1 }), and the generated picture is marked as
“used for long-term reference.”

{60298} - The value of PicOutputFlag for the generated reference picture is set equal to 0.
j002991 - RefPicList{ i ][ j | is set to be the generated reference picture.

{60380]  Derivation process for temporal luma motion vector prediction.

{00301}  The variables mvLXCol and availableFlagl XCol are derived as follows:

[66302] - If pic_temporal_mvp_enabled flag is equal to 0 or ( cbWidth * cbHeight ) is less
than or equal to 32, both components of mvLXCol are set equal to 0 and availableFlagl.XCol is set
equal to 0.

[00303] - Otherwise (pic_temporal_mvp_enabled flag is equal to 1), the following ordered
steps apply.

{60384} 1 The bottom right collocated motion vector and the bottom and right boundary

sample locations are derived as follows:

xColBr =xCb + ¢chbWidth (8-421)

yColBr = yCb + cbHeight (8-422)

rightBoundaryPos = subpic_treated as pic flag] SubPicldx 17

SubPicRightBoundaryPos : pic_width in luma samples — 1 (8-423)

botBoundaryPos = subpic_treated as pic flag] SubPicldx }?

SubPicBotBoundaryPos : pic_height_in_iuma samples — 1 (8-424}
{00305} - If yCb >> CibLog28izeY is equal to yColBr >> CtbLog28izeY, yColBr is less

than or equal to botBoundaryPos and xColBr is less than or equal to rightBoundaryPos, the

following applies.
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{60386} - The variable colCb specifies the luma coding block covering the modified location
given by { {xColBr >> 3} << 3, {yColBr >> 3} << 3} inside the collocated picture specified
by ColPic.

j003077 - The luma location { xColCh, vColCh ) is set equal to the top-left sample of the
collocated luma coding block specified by colCh relative to the top-left luma sample of the
collocated picture specified by ColPic.

1063087 - The derivation process for collocated motion vectors as specified in clause 8.5.2.12
is invoked with currCh, colCh, ( xColCb, yColCh ), refldxL X and sbFlag set equal to 0 as inputs,
and the output is assigned to mvLXCol and availableFlagl. XCol.

{60389} - Otherwise, both components of mvLXCol are set equal to 0 and
availableFlagl.XCol is set equal to 0.

{06310 2. When availableFlagh XCol is equal to 0, the central collocated motion vector is

derived as follows:

xColCtr =xCh + ( cbWidth >> 1) (8-425)
yColCtr = yCb + ( cbHeight >> 1) (8-426)
{60311} - The variable colCh specifies the luma coding block covering the modified location

given by ({xColCtr >> 3 << 3 (yColCtr >> 3 << 3} inside the collocated picture
specified by ColPic.

[00312] - The luma location { xColCh, vColCb } is set equal to the top-left sample of the
collocated luma coding block specified by colCh relative to the top-left luma sample of the
collocated picture specified by ColPic.

[00313] - The derivation process for collocated motion vectors as specified n clanse 8.5.2.12
is invoked with currCh, colCh, { xColCh, yColCb ), refidxl X and sbFlag set equal to 0 as inputs,
and the output is assigned to mvLXCol and availableFlagl XCol.

{00314}  Derivation process for subblock-based temporal merging candidates.

{00315}  The availability tflag availableFlagSbCol is derived as follows.

j06316] - If one or more of the following conditions is true, availableFlag8bCol is set equal to
0.

{60317} - pic_temporal mvp enabled flagisequalto O

{00318 - sps_sbtmvp enabled flag is equal to 0.

j003197 - cbWidthis less than 8.
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{60320} - cbHeight is less than 8.

j08321] - Otherwise, the following ordered steps apply.

j003227 1. The location { xCtb, yCib ) of the top-left sample of the luma coding tree block that
contains the current coding block and the location ( xCir, yCtr ) of the below-right center sample of

the current luma coding block are derived as follows:

xCth = (xCb >> Ctulog?Size ) << Ctul.og2Size (8-542)
yCith = (yCh >> Crilog28ize ) << CrulogZ8ize (8-543)
xCtr = xCb + { ¢bWidth/ 2) (8-544)
yCir = yCb + { cbHeight /2 ) (8-545)

{60323} 2. The luma location { xColCtrCh, yColCirCh ) is set equal to the top-left sample of
the collocated fuma coding block covering the location given by (xCtr, yCtr ) inside ColPic
relative to the top-left luma sample of the collocated picture specified by ColPic.

{60324} 3. The derivation process for subblock-based temporal merging base motion data as
specified in clause 8554 is invoked with the location (xCtb, vCtb), the location
{ xColCtrCh, yColCtrCh ), the availability flag availableFlagA;, and the prediction list utilization
flag predFlagl. XA, and the reference index refldxL. XA, and the motion vector mvLXAy, with X
being © and 1 as mnputs and the motion vectors ctrMvL X, and the prediction list utilization flags
ctrPredFlagl. X of the collocated block, with X being 0 and 1, and the temporal motion vector
tempMyv as outputs.

{60325] 4. The variable availableFlag8bCol is derived as follows.

j00326f - If both ctrPredFlagl.0 and ctrPredFlagl.t are equal to 0, availableFlagSbCol is set
equal to 0.

{60327} - Otherwise, availableFlagShCol is set equal to L.

[00328] Derivation process for constructed affine control point motion vector merging
candidates.

j003297  The fourth {collocated bottom-right) control point motion vector cpMvLXCornerf 3 |,
reference index retldsLXCorner| 3 ], prediction hist utilization tlag predFlagl. XCorner{ 3 | and the
availability flag availableFlagCorner{ 3 ] with X being 0 and 1 are derived as follows.

{60336} - The reference indices for the temporal merging candidate, refldxL.XCorner{ 3 |,

with X being 0 or 1, are set equal to 0.
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{60331} - The variables mvLXCol and availableFlagl XCol, with X being 0 or 1, are derived
as follows:

166332] - If pic_temporal_mvp enabled flag is equal to 0, both components of mvLXCol
are set equal to 0 and availableFlagh. XCol 15 set equal to 0.

{60333} Otherwise (pic_temporal mvp enabled flag is equal to 1), the following applies:

xColBr = xCb + cbWidth (8-601)
yColBr = yCb + chHeight (8-602)
j003347 - If yCb >> CtbLog2SizeY is equal to yvColBr >> CitbLog28izeY, vColBr is less

than pic height in luma samples and xColBr is less than pic width in luma samples, the
following applies.

{60335} - The variable colCb specifies the luma coding block covering the modified location
given by ({(xColBr >> 3) << 3, {yColBr >> 3 ) << 3) inside the collocated picture specified
by ColPic.

{00336] - The luma location { xColCh, vColCbh } is set equal to the top-left sample of the
collocated luma coding block specified by colCh relative to the top-left luma sample of the
collocated picture specified by ColPic.

i00337] - The derivation process for collocated motion vectors as specified in clause 8.5.2.12
is invoked with curr(Ch, colCh, { xColCb, yColCh }, refldsL.XCorner] 3 ] and sbFlag set equal to 0
as inputs, and the output is assigned to mvLXCol and availableFlagl. XCol.

{60338} - Otherwise, both components of mvIXCol are set equal to 0 and

availableFlagl XCol is set equal to 0.

{60339] - The variables availableFlagCorner] 3 §, predFlagl.0Coruer] 3 |, cpMvLOCorner{ 3 |
and predFlagl. 1Corner{ 3 | are derived as follows.
availableFlagCorner] 3 | = avatlableFlagh 0Col (8-603)
predFlagl.0Corner| 3 ] = availableFlagl.0Col (8-604)
cpMvLOComer| 3 = mvL0Col (8-605)
predFlagl.1Comer{ 3 | =0 (8-606}

{00340} When slice type s equal to B, the variables availableFlagCorner3 ],
predFlagl.1Corner{ 3 } and cpMvL1Corner{ 3 | are derived as follows.
availableFlagCorner| 3 | = availableFlagl.0Col || availableFlagh 1Col (8-607}
predFlagl. 1Comer| 3 1= availableFlagL.1Col {8-608)
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cpMvL1Comer] 3 ] =mvL1Col (8-609)
j08341] FIG. 11 is a schematic diagram of a video coding device 1100 {e.g., a video encoder
300 or a video decoder 400) according to an embodiment of the disclosure. The video coding
device 1100 1s suitable for implementing the disclosed embodiments as described herein. The
video coding device 1100 comprises ingress ports 1110 and receiver units {Rx) 1120 for receiving
data; a processor, logic unit, or central processing unit (CPU} 1130 to process the data; transmitter
units {(Tx) 1140 and egress ports 1150 for transmitting the data; and a memory 1160 for storing the
data. The video coding device 1100 may also comprise optical-to-electrical (OE) components and
electrical-to-optical (EQ) components coupled to the ingress ports 1110, the receiver units 1120,
the transmitter units 1140, and the egress ports 1150 for egress or ingress of optical or electrical
signals.

{06342] The processor 1130 is implemented by hardware and sofiware. The processor 1130
may be implemented as one or more CPU chips, cores {e.g, as a multi-core processor), field-
programmable gate arrays (FPGAs), application specific integrated circuits (ASICs), and digital
signal processors (DSPs). The processor 1130 is in communication with the ingress ports 1110,
receiver units 1120, transmitter units 1140, egress ports 1150, and memory 1160. The processor
1130 comprises a coding module 1170, The coding module 1170 implements the disclosed
embodiments described above. For instance, the coding module 1170 implements, processes,
prepares, or provides the various codec functions. The inclusion of the coding module 1170
therefore provides a substantial improverent to the functionality of the video coding device 1100
and effects a transformation of the video coding device 1100 to a different state. Alternatively, the
coding module 1170 is iraplemented as instructions stored in the memory 1160 and executed by
the processor 1130,

{00343} The video coding device 1100 may also include mput and/or output (VO) devices 1180
for communicating data to and from a user. The J/O devices 1180 may include output devices such
as a display for displaying video data, speakers for outputting audio data, etc. The VO devices
1180 may also include input devices, such as a keyboard, mouse, trackball, etc, and/or
corresponding interfaces for interacting with such output devices.

{60344} The memory 1160 comprises one or more disks, tape drives, and solid-state drives and
may be used as an over-flow data storage device, to store programs when such programs are

selected for execution, and to store instructions and data that are read during prograrm execution,
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The memory 1160 may be volatile and/or non-volatile and may be read-only memory (ROM),
random access memory (RAM), ternary content-addressable memory (TCAM), and/or static
randonm-access memory (SRAM).

{00345} FIG 12 is a schematic diagram of an embodiment of a means for coding 1200, Inan
embodiment, the means for coding 1200 is implemented in a video coding device 1202 (e.g., a
video encoder 300 or a video decoder 400). The video coding device 1202 inchudes receiving
means 1201. The receiving means 1201 is configured to receive a picture to encode or to receive a
bitstream to decode. The video coding device 1202 includes transmission means 1207 coupled to
the receiving means 1201, The transmission means 1207 ts configured to transmit the bitstream to
a decoder or to transimit a decoded image to a display means (e.g., one of the I/0 devices 1180).
[606346] The video coding device 1202 includes a storage means 1203. The storage means 1203
is coupled to at least one of the receiving means 1201 or the transmission means 1207, The storage
means 1203 is configured to store instructions. The video coding device 1202 also includes
processing means 1205, The processing means 1205 is coupled to the storage means 1203, The
processing means 1205 is configured to execute the instructions stored in the storage means 1203
to perform the methods disclosed herein,

i00347] It should also be understood that the steps of the exemplary methods set forth herein are
not necessarily required to be performed in the order described, and the order of the steps of such
methods should be understood to be merely exemplary.  Likewise, additional steps may be
included in such methods, and certain steps may be omitted or combined, in methods consistent
with various embodiments of the present disclosure.

j00348] While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods might be embodied in many other specific
forms without departing from the spirit or scope of the present disclosure. The present exarples
are 0 be considered as illustrative and not restrictive, and the intention is not to be limited io the
details given herein. For example, the various elements or components may be combined or
integrated in another system or certain features may be omitted, or not implemented.

{00349}  In addition, techniques, systems, subsystems, and methods described and illustrated in
the various embodiments as discrete or separate may be combined or integrated with other systems,
modules, techniques, or methods without departing from the scope of the present disclosure. Other

items shown or discussed as coupled or directly coupled or communicating with each other may be
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indirectly coupled or communicating through some interface, device, or intermediate component
whether electrically, mechanically, or otherwise. Gther examples of changes, substitutions, and
alterations are ascertainable by one skilled in the art and could be made without departing from the

spirit and scope disclosed herein.
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