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Abstract

A system for decoding a video bitstream includes receiving a bitstream and a
plurality of enhancement bitstreams together with receiving a video parameter set and a video
parameter sct extension. The system also receives an output layer set change message

including information indicating a change in at least one output layer set.
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[0001]

[0002]

[0003]

[0004]

Description
Title of Invention: SIGNALING CHANGE IN OUTPUT LAYER SETS

This is a divisional application of Canadian National Phase Application
No. 2,908,888, filed on 4™ April, 2014.

Technical Field

The present disclosure relates generally to electronic devices. More specifically,
the present disclosure relates to electronic devices for signaling sub-picture based
hypothetical reference decoder parameters, and to systems and methods for

hybrid operation of a decoded picture buffer (DPB).
Background Art

Electronic devices have become smaller and more powerful in order to meet
consumer needs and to improve portability and convenience. Consumers have
become dependent upon electronic devices and have come to expect increased
functionality. Some examples of electronic devices include desktop
computers, laptop computers, cellular phones, smart phones, media players,

integrated circuits, etc.

Some electronic devices are used for processing and displaying digital media.
For example, portable electronic devices now allow for digital media to be
consumed at almost any location where a consumer may be. Furthermore,
some electronic devices may provide download or streaming of digital media

content for the use and enjoyment of a consumer.

The increasing popularity of digital media has presented several problems. For
example, efficiently representing high-quality digital media for storage,
transmittal and rapid playback presents several challenges. As can be observed
from this discussion, systems and methods that represent digital media efficiently

with improved performance may be beneficial.
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[0005]  The foregoing and other objectives, features, and advantages of the invention
will be more readily understood upon consideration of the following detailed
description of the invention, taken in conjunction with the accompanying

drawings.
Summary of Invention

[0006]  According to an aspect of the present invention, there is provided a method for
video decoding, comprising: receiving a bitstream comprising a video parameter
set and bits representing a current picture; parsing at least a portion of a slice
header of the current picture; performing a first determination, based on one or
more syntax elements in the video parameter set, whether a removal operation
from a decoded picture buffer (DPB) is to be performed on a per-picture basis or
per-access unit (AU) basis, wherein an access unit comprises at least a base layer
and an enhanced layer, and each layer represents a picture; performing a second
determination, separate from the first determination, based on one or more
syntax elements in the video parameter set, whether a picture output operation
from the DPB is to be performed on a per-picture basis or per-AU basis;
performing the removal operation from the DPB in accordance with the first
determination whether the removal operation is to be performed on a per-picture
basis or per-AU basis; performing the picture output operation from the DPB in
accordance with the second determination whether the picture output operation
is to be performed on a per-picture basis or per-AU basis; performing a decoding
and storing of a current decoded picture in the DPB; performing a third
determination, based on the one or more syntax elements in the video parameter
set, whether marking the current decoded picture is to be pertormed on a per-
picture basis or per-AU basis; marking the current decoded picture in the DPB in
accordance with the third determination whether marking the current decoded
picture is to be performed on a per-picture basis or per-AU basis; and performing

an additional picture output from the DPB in accordance with a fourth
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b

determination whether the additional picture output is to be performed on a per-

picture basis or per-AU basis.

According to another aspect of the present invention, there is provided an
electronic device configured for video coding, comprising: a processor; and
mcemory in electronic communication with the processor, wherein instructions
stored in the memory are executable to: receive a bitstream comprising a video
parameter set and bits representing a current picture, parse at least a portion of a
slice header of the current picture, performing a first determination, based on one
or more syntax elements in the video parameter set, whether a removal operation
from a decoded picture buffer (DPB) is to be performed on a per-picture basis or
per-access unit (AU) basis, wherein an access unit comprises at least a base layer
and an enhanced layer, and each layer represents a picture, perform a second
determination, separate from the first determination, based on the one or more
syntax elements in the video parameter set, whether a picture output operation
from the DPB is to be performed on a per-picture basis or per-AU basis, perform
the removal operation from the DPB in accordance with the first determination
whether the removal operation is to be performed on a per-picture basis or per-
AU basis, perform the picture output operation from the DPB in accordance with
the second determination whether the picture output operation is to be performed
on a per-picture basis or per-AU basis, perform a decoding and storing of a
current decoded picture in the DPB, perform a third determination, based on the
one or more syntax elements in the video parameter set, whether marking the
current decoded picture is to be performed on a per-picture basis or per-AU
basis, mark the current decoded picture in the DPB in accordance with the third
determination whether marking the current decoded picture is to be performed
on a per-picture basis or per-AU basis, and perform an additional picture output
from the DPB in accordance with a fourth determination whether the additional

picture output is to be performed on a per-picture basis or per-AU basis.

CA 3034598 2019-02-22



85077293
lc

[0006b] According to another aspect of the present invention, there is provided a
method for video decoding, comprising: receiving a bitstream comprising a
video parameter set and bits representing a current picture; parsing at least a
portion of a slice header of the current picture; performing a first determination,
based on one or more syntax elements in the video parameter set, whether a
removal operation from a decoded picture buffer (DPB) is to be performed on a
per-picture basis or per-access unit (AU) basis, wherein an access unit comprises
at least a base layer and an enhanced layer, and each layer represents a picture;
performing a second determination, separate from the first determination, based
on one or more syntax elements in the video parameter set, whether a picture
output operation from the DPB is to be performed on a per-picture basis or per-
AU basis; performing the removal operation from the DPB in accordance with
the first determination whether the removal operation is to be performed on a
per-picture basis or per-AU basis; performing the picture output operation from
the DPB in accordance with the second determination whether the picture output
operation is to be performed on a per-picture basis or per-AU basis; performing a

decoding and storing of a current decoded picture in the DPB.

[0006¢c] According to another aspect of the present invention, there is provided an
electronic device configured for video coding, comprising: a processor; and
memory in electronic communication with the processor, wherein instructions
stored in the memory are executable to: receive a bitstream comprising a video
parameter set and bits representing a current picture, parse at least a portion of a
slice header of the current picture, performing a first determination, based on one
or more syntax elements in the video parameter set, whether a removal operation
from a decoded picture buffer (DPB) is to be performed on a per-picture basis or
per-access unit (AU) basis, wherein an access unit comprises at least a base layer
and an enhanced layer, and each layer represents a picture, perform a second
determination, separate from the first determination, based on the one or more
syntax elements in the video parameter set, whether a picture output operation

from the DPB is to be performed on a per-picture basis or per-AU basis, perform
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the removal operation from the DPB in accordance with the first determination
whether the removal operation is to be performed on a per-picture basis or per-
AU basis, perform the picture output operation from the DPB in accordance with
the second determination whether the picture output operation is to be performed
on a per-picture basis or per-AU basis, and perform a decoding and storing of a

current decoded picture in the DPB.

[0006d] Another aspect provides a method for decoding a video bitstream comprising:
(a) receiving a base bitstream representative of a coded video sequence; (b)
receiving a plurality of enhancement bitstreams representative of said coded
video sequence; (c) receiving a video parameter set containing syntax elements
that apply to said base bitstream and said plurality of enhancement bitstreams,
wherein said video parameter set contains a syntax element signaling a video
parameter set extension; (d) receiving said video parameter set extension

containing syntax elements related to at
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least one of said enhancement bitstreams; () receiving an output layer set change
message including information indicating a change in at least one output layer set.
[0007] Another aspect provides a method for decoding a video bitstream

comprising: (a) recciving a base bitstream representative of a coded video scquence;
(b) receiving a plurality of enhancement bitstreams representative of said coded video
sequence; (¢) receiving a video parameter set containing syntax elements that apply to
said base bitstream and said plurality of enhancement bitstreams, wherein said video
parameter set contains a syntax element signaling a video parameter set extension; (d)
receiving said video parameter set extension containing syntax elements that includes
decoded picture buffer related parameters for a decoded picture buffer for at least one
of said enhancement bitstreams.

[0008]  Another aspect provides a method for video coding, comprising:
beginning to parse a first slice header of a current picture; determining which steps
performed by a decoded picture buffer (DPB) will be picture based and which steps
will be access unit (AU) based; performing a removal from the DPB; performing a
picture output from the DPB; performing a decoding and storing of a current decoded
picture in the DPB; marking the current decoded picture in the DPB; and performing
an additional picture output from the DPB.

[0009] Another aspect provides an electronic device configured for video coding,
comprising: a processor; memory in electronic communication with the processor,
wherein instructions stored in the memory are executable to: begin to parse a first slice
header of a current picture; determine which steps performed by a decoded picture
buffer (DPB) will be picture based and which steps will be access unit (AU) based:;
perform a removal from the DPB; perform a picture output from the DPB; perform a
decoding and storing of a current decoded picture in the DPB; mark the current
decoded picture in the DPB; and perform an additional picture output from the DPB.
Brief Description of Drawings

[0010] [fig.lA]Figurc 1A is a block diagram illustrating an example of one or more electronic
devices in which systems and methods for sending a message and buffering a bitstream
may be implemented.

[fig. 1B]Figure 1B is another block diagram illustrating an example of onc or more
electronic devices in which systems and methods for sending a message and buffering
a bitstream may be implemented.

[fig.2|Figure 2 is a {low diagram illustrating one configuration of a method for sending
a message.

[lig-3]Figure 3 is a flow diagram illustrating one configuration of a method for de-

termining one or more removal delays for decoding units in an access unit.
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[fig.4]Figure 4 is a flow diagram illustrating one configuration of a method for
buffering a bitstream;

[fig.5]Figure 5 is a flow diagram illustrating one configuration of a method for de-
termining one or more removal delays for decoding units in an access unit.
[fig.6A]Figure 6A is a block diagram illustrating one configuration of an encoder 604
on an electronic device.

[fig.6B]Figure 6B is another block diagram illustrating one configuration of an encoder
604 on an electronic device.

[fig.7A]Figure 7A is a block diagram illustrating one configuration of a decoder on an
electronic device.

[fig.7B]Figure 7B is another block diagram illustrating one configuration of a decoder
on an electronic device.

[fig.8]Figure 8 illustrates various components that may be utilized in a transmitting
electronic device.

[fig.9]Figure 9 is a block diagram illustrating various components that may be utilized
in a receiving electronic device.

[fig.10]Figure 10 is a block diagram illustrating one configuration of an electronic
device in which systems and methods for sending a message may be implemented.
[fig.11]Figure 11 is a block diagram illustrating one configuration of an electronic
device in which systems and methods for buffering a bitstream may be implemented.
[fig.12]Figure 12 is a block diagram illustrating one configuration of a method for
operation of a decoded picture buffer.

[fig.13A]JFigures 13A illustrates difterent NAL Unit header syntax.

[fig.13B]Figures 13B illustrates different NAL Unit header syntax.

[fig. 13C]Figures 13C illustrates different NAL Unit header syntax.

[fig.14]Figure 14 illustrates a general NAL Unit syntax.

[fig.15]Figure 15 illustrates an existing video parameter set.

[fig.16]Figure 16 illustrates existing scalability types.

[fig.17]Figure 17 illustrates an exemplary vidco parameter set.

[fig.18]Figure 18 illustrates an exemplary scalability map syntax.

[fig.19]1Figure 19 illustrates an exemplary video parameter set.

[fig.20]Figure 20 illustrates an existing video parameter set.

[fig.21]Figure 21 illustrates an existing dimension type, dimension id syntax.
[fig.22]Figure 22 illustrates an exemplary video parameter set.

[fig.23]Figure 23 illustrates an exemplary scalability map syntax.

[fig.24]Figure 24 illustrates an exemplary video parameter set.

[fig.25]Figure 25 illustrates an exemplary video parameter set.

[fig.26]Figure 26 illustrates an exemplary video parameter set.
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[fig.27]Figure 27 illustrates an exemplary scalability mask syntax.

[fig.28]Figure 28 illustrates an exemplary video parameter set extension syntax.
[fig.29]Figure 29 illustrates an exemplary video parameter set extension syntax.
[fig.30]Figure 30 illustrates an exemplary video parameter set extension syntax.
[fig.31]Figure 31 illustrates an exemplary video parameter set extension syntax.
[fig.32]Figure 32 illustrates an exemplary video parameter set extension syntax.
[fig.33]Figure 33 illustrates an exemplary video parametcr sct extension syntax.
[fig.34]Figure 34 illustrates an exemplary video parameter set syntax.
[fig.35]Figure 35 illustrates an exemplary video parameter set extension syntax.
[fig.36]Figure 36 illustrates an exemplary output layer sets change syntax.
[fig.37]Figure 37 illustrates another exemplary output layer sets change syntax.
[fig.38A]Figure 38A illustrates an exemplary video parameter extension syntax.
[fig.38B]Figure 38B illustrates an exemplary video parameter extension syntax.
[fig.39A]Figure 39A illustrates an exemplary op_dpb_info_parameters(j) syntax.
[fig.39B]Figure 39B illustrates an exemplary op_dpb_info_parameters(j) syntax.
[fig.40]Figure 40 illustrates another exemplary video parameter extension syntax.
[fig.41]Figure 41 illustrates another cxemplary oop_dpb_info_paramecters(j) syntax.
[fig.42]Figure 42 illustrates another exemplary oop_dpb_info_parameters(j) syntax.
[fig.43]Figure 43 illustrates an exemplary num_dpb_info_parameters syntax.
[fig.44]Figure 44 illustrates another exemplary oop_dpb_info_parameters(j) syntax.
[fig.45]Figure 45 illustrates another exemplary num_dpb_info_parameters syntax.
[fig.46]Figure 46 illustrates another exemplary num_dpb_info_parameters syntax.
[fig.47]Figure 47 illustrates another exemplary video parameter extension syntax and
layer_dpb_info(i).

[fig.48]Figure 48 illustrates an exemplary oop_dpb_info_parameters
andlayer_dpb_info(i) syntax.

[fig.49A]Figure 49A illustrates another exemplary vps_extension().
[fig.49B|Figure 49B illustrates another exemplary vps_extension().
[fig.50]FigureS50 illustrates an exemplary oop_dpb_maxbuffering_parameters(i).
[fig.51]FigureS1 illustrates an exemplary layer_dpb_info_parameters(i).
[fig.52]Figure52 illustrates another exemplary vps_extension().

[fig.53]Figure53 illustrates another exemplary vps_extension().

[fig.54]Figure54 illustrates an exemplary oop_dpb_maxbuffering_parameters(i,k).
[fig.55]Figure5s illustrates an exemplary oop_dpb_maxbuffering_parameters(i,k).
[fig.56]Figure56 illustrates another exemplary vps_extension().

[fig.57]Figure57 illustrates an exemplary cop_dpb_maxbuffring_parameters(i,k).
[fig. 58]Figure58 illustrates an exemplary oop_dpb_maxbuffring_parameters(i,k).
[fig.59]Figure59 illustrates an exemplary oop_dpb_maxbuffring_parameters(i, k).
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[fig.60]Figure60 illustrates an exemplary oop_dpb_maxbuffring_parameters(i,k).
[fig.61]Figure61 illustrates an exemplary oop_dpb_maxbuffering_parameters(i,k).
[fig.62]Figure 62 illustrates an exemplary seq_parameter_set_rbsp().

[fig.63]Figurc 63 is a block diagram illustrating video coding between multiple
electronic devices.

[fig.64]Figure 64 is a flow diagram of a method for hybrid decoded picture buffer
(DPB) operation.

[fig.65)Figure 65 is a flow diagram of another method for hybrid decoded picture
buffer (DPB) operation.

[fig.66]Figure 66 is a block diagram illustrating one configuration of a decoder;
[fig.67A]Figure 67A is a block diagram illustrating the use of both an enhancement
layer and a base layer for video coding with separate decoded picture buffers (DPBs)
and separate hybrid decoded picture buffer (DPB) operation modules for the base layer
and the enhancement layer.

[fig.67B]Figure 67B is a block diagram illustrating the use of a shared decoded picture
buffer (DPB) and a shared hybrid decoded picture buffer (DPB) operation module for
the base layer and the enhancement layer.

[fig.68]Figure 68 is a timing diagram illustrating hybrid decoded picture buffer (DPB)
operation.

[fig.69]Figure 69 is a block diagram illustrating structure and timing for network ab-
straction layer (NAL) units of layers for coded pictures and access units (AUs) when
the second enhancement layer (EL2) has a lower picture rate than the base layer (BL)
and the first enhancement layer (EL1).

[fig.70]Figure 70 is a block diagram illustrating structure and timing for network ab-
straction layer (NAL) units of laycrs for coded pictures and access units (AUs) when
the base layer (BL) has a lower picture rate than the first enhancement layer (EL1) and
the second enhancement layer (EL2).

Description of Embodiments
Example 1

[0011] An electronic device for sending a message is described. The electronic device
includes a processor and instructions stored in memory that is in electronic commu-
nication with the processor. The electronic device determines, when a Coded Picture
Buffer (CPB) supports operation on a sub-picture level, whether to include a common
decoding unit CPB removal delay parameter in a picture timing Supplemental En-
hancement Information (SEI) message. The electronic device also generates, when the
common decoding unit CPB removal delay parameter is to be included in the picture

timing SEI message (or some other SEI message or some other parameter set e.g.
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[0012]

[0013]

[0014]

[0015]

[06016]

[0017]

picture parameter set or sequence parameter set or video parameter set or adaptation
parameter set), the common decoding unit CPB removal delay parameter, wherein the
common decoding unit CPB removal delay parameter is applicable to all decoding
units in an access unit from the CPB. The electronic device also generates, when the
common decoding unit CPB removal delay parameter is not to be included in the
picture timing SEI message, a separate decoding unit CPB removal delay parameter for
each decoding unit in the access unit. The electronic device also sends the picture
timing SEI message with the common decoding unit CPB removal delay parameter or
the decoding unit CPB removal delay parameters.

The common decoding unit CPB removal delay parameter may specify an amount of
sub-picture clock ticks to wait after removal from the CPB of an immediately
preceding decoding unit before removing from the CPB a current decoding unit in the
access unit associated with the picture timing SEI message.

Furthermore, when a decoding unit is a first decoding unit in an access unit, the
common decoding unit CPB removal delay parameter may specify an amount of sub-
picture clock ticks to wait after removal from the CPB of a last decoding unit in an
access unit associated with a most recent buffering period SEI message in a preceding
access unit before removing from the CPB the first decoding unit in the access unit as-
sociated with the picture timing SEI message.

In contrast, when the decoding unit is a non-first decoding unit in an access unit, the
common decoding unit CPB removal delay parameter may specify an amount of sub-
picture clock ticks to wait after removal from the CPB of a preceding decoding unit in
the access unit associated with the picture timing SEI message before removing from
the CPB a current decoding unit in the access unit associated with the picture timing
SEI message.

The decoding unit CPB removal delay parameters may specify an amount of sub-
picture clock ticks to wait after removal from the CPB of the last decoding unit before
removing from the CPB an i-th decoding unit in the access unit associated with the
picture timing SEI message.

The electronic device may calculate the decoding unit CPB removal delay parameters
according to a remainder of a modulo 2¢pb removal delay length minust + ) counter where
cpb_removal_delay_length_minusl + 1 is a length of a common decoding unit CPB
removal delay parameter.

The electronic device may also generate, when the CPB supports operation on an
access unit level, a picture timing SEI message including a CPB removal delay
parameter that specifies how many clock ticks to wait after removal from the CPB of
an access unit associated with a most recent buffering period SEI message in a

preceding access unit before removing from the CPB the access unit data associated
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with the picture timing SEI message.

[0018]  The electronic device may also determine whether the CPB supports operation on a
sub-picture level or an access unit level. This may include determining a picture timing
flag that indicates whether a Coded Picture Buffer (CPB) provides parameters
supporting operation on a sub-picture level based on a value of the picture timing flag.
The picture timing flag may be included in the picture timing SEI message.

[0019]  Determining whether to include a common decoding unit CPB removal delay
parameter may include setting a common decoding unit CPB removal delay flag to 1
when the common decoding unit CPB removal delay parameter is to be included in the
picture timing SEI message. It may also include setting the common decoding unit
CPB removal delay flag to 0 when the common decoding unit CPB removal delay
parameter is not to be included in the picture timing SEI message. The common
decoding unit CPB removal delay flag may be included in the picture timing SEI
message.

[0020]  The electronic device may also generate, when the CPB supports operation on a sub-
picture level, separate network abstraction layer (NAL) units related parameters that
indicate an amount, offset by one, of NAL units for each decoding unit in an access
unit. Alternatively, or in addition to, the electronic device may generate a common
NAL parameter that indicates an amount, offsct by one, of NAL units common to each
decoding unit in an access unit.

[0021]  Anelectronic device for buffering a bitstream is also described. The electronic device
includes a processor and instructions stored in memory that is in electronic commu-
nication with the processor. The electronic device determines that a CPB signals pa-
rameters on a sub-picture level for an access unit. The clectronic device also de-
termines, when a received picture timing Supplemental Enhancement Information
(SEI) message comprises the common decoding unit Coded Picture Buffer (CPB)
removal delay flag, a common decoding unit CPB removal delay parameter applicable
to all decoding units in the access unit. The electronic device also determines, when the
picture timing SEI message does not comprise the common decoding unit CPB
removal delay flag, a separate decoding unit CPB removal delay paramelter for each
decoding unit in the access unit. The clectronic device also removes decoding units
from the CPB using the common decoding unit CPB removal delay parameter or the
separate decoding unit CPB removal delay parameters. The electronic device also
decodes the decoding units in the access unit.

[0022]  In one configuration, the electronic device determines that a picture timing flag is set
in the picture timing SEI message. The electronic device may also set a CPB removal
delay parameter, cpb_removal_delay, according to

[0023]
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[Math.1]
num_decoding units minusl
( > du_cpb_removal_delay[i])*7, s,z
i=0

cpb_removal_delay =

2

[0024]  where du_cpb_removal_delay[i] are the decoding unit CPB removal delay pa-
rameters, t, is a clock tick, t. ., is a sub-picture clock tick,
num_decoding_units_minus1 is an amount of decoding units in the access unit offset
by one, and i is an index.

[0025]  Alternatively, the electronic device may set a CPB removal delay parameter,
cpb_removal_dclay, and du_cpb_removal_delay[num_decoding_units_minus1] so as
to satisfy the equation

[0026] [Math.2]

num_decoding units minus]
-1<[cpb_removal_delay *7, —( Z du_cpb_removal_delay[i]) *£; o,5)]1 <1
i=0

[0027]  where du_cpb_removal _delay[i] are the decoding unit CPB removal delay pa-
rameters, t. is a clock tick, t.q is a sub-picture clock tick,
num_decoding_units_minus] is an amount of decoding units in the access unit offset
by one, and i is an index.

[0028]  Alternatively, the electronic device may set a CPB removal delay parameter,
cpb_removal_delay, and du_cpb_removal_delay[num_decoding _units_minus1]
according to cpb_removal_delay*t. =
du_cpb_removal_dclay[num_decoding units_minus1]* t. ., where
du_cpb_removal_delay[num_decoding_units_minus1] is the decoding unit CPB
removal delay parameter for the num_decoding_units_minus1'th decoding unit, t. is a
clock tick, t. . is a sub-picture clock tick, num_decoding_units_minusl is an amount
of decoding units in the access unit offset by one.

[0029]  In one configuration, the electronic device determines that a picture timing flag is set
in the picture timing SEI message. The electronic device may also set CPB removal
delay parameters, cpb_removal_delay, and
du_cpb_removal_delay[num_decoding_units_minus1] so as to satisfy the equation: -
l<=(cpb_removal_delay*t. - du_cpb_removal_delay[num_decoding_units_minus1]* t
esup) <=1 where du_cpb_removal_delay[num_decoding_units_minusl] is the decoding
unit CPB removal delay parameter for the num_decoding_units_minus1'th decoding
unit, t. is a clock tick, t.,, i a sub-picture clock tick, num_decoding_units_minus1 is
an amount of decoding units in the access unit offset by one.

[0030] A ClockDiff variable may be defined as ClockDiff =

(num_units_in_tick-(num_units_in_sub_tick*(num_decoding_units_minus1+1)) /
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time_scale) where num_units_in_tick is number of time units of a clock operating at
the frequency time_scale Hz that corresponds to one increment of a clock tick counter,
num_units_in_sub_tick is number of time units of a clock operating at the frequency
time_scale Hz that corresponds to one increment of a sub-picture clock tick counter,
num_decoding_units_minus1+1 is an amount of decoding units in the access unit, and
time_scale is the number of time units that pass in one sccond.

[0031]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag) is set to 1, t,,( m ) < t,{ m ), a picture timing flag is set to 1, the
CPB is operating at sub-picture level and ClockDiff is greater than zero, the removal
time for decoding unit m, t( m ) is determined according to: t{m )=t (m) + t, o *
Ceil((t,dm ) -t (m))/t. )+ ClockDiff where t,,( m ) is the nominal removal
time of the decoding unit m, t. . is a sub-picture clock tick Ceil() is a ceiling function
and t,{ m ) is final arrival time of decoding unit m.

[0032]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag) is setto 1, t;;,( n ) <t n ), a picture timing flag is set to 1, the
CPB is operating at an access unit level and ClockDiff is greater than zero, the removal
time for access unit n, t{ n ) is determined according to: t,(n )=t (n ) + t. * Ceil( ( t,{
n)-t(n))/t)- ClockDiff where t.( n ) is the nominal removal time of the access
unit n, t.is aclock tick Ceil() is a ceiling function and t,{ n ) is a final arrival time of
access unit n.

[0033]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag) is setto 1, t,,( m ) < t,{ m ), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for the last decoding unit m
of access unit, t( m ) according to: t( m ) = t,,( m ) + max( (t, s * Ceil( ( t{ m) - t.,(
m) )/t ), (€ *Ceil((t{n)-t..(n))/t.))) where t,( m) is the nominal removal
time of the last decoding unit m, t. ., is sub-picture clock tick Ceil() is a ceiling
function, t.{ m ) is a final arrival time of last decoding unit m, t, .( n ) is the nominal
removal time of the access unit n, t. is clock tickand t,{ n ) is a final arrival time of
access unit n.

[0034]  When a low delay hypothetical reference decoder (HRD) flag is set to 1, t,,( n ) < t,«
n ), a picture timing flag is set to 1 and the CPB is operating at access unit level, the
removal time for access unit n, t,( n ) according to: t(n ) =t,,( n ) + max( (t. , * Ceil(
(tm)-t,(m) )/t ), (t* Ceil((tdn)-t,(n))/t.))) where t.,(m) is the
nominal removal time of the last decoding unit n, t. . is sub-picture clock tick Ceil() is
a ceiling function, t,{ m ) is a final arrival time of last decoding unit m, t.,( n ) is the
nominal removal time of the access unit n, t.isclock tick and t,{ n ) is a final arrival
time of access unit n.

[0035]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
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low_delay_hrd_flag) is setto 1, t,( m ) < t,{ m), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for the last decoding unit m
of access unit, t(m) according to: t(m ) = t,,(m ) + min( (t 4 * Cell( (t,d m ) - t,( m
It ), (t* Ceil((tdn) -t (n))/t.))) where t, ( m) is the nominal removal
time of the last decoding unit m, t_ 4, is sub-picture clock tick Ceil() is a ceiling
function, t,{ m ) is a final arrival time of last decoding unit m, t,.( n ) is the nominal
removal time of the access unit n, t.is clock tick and t,{ nn ) is a final arrival time of
access unit n.

[0036] When a low delay hypothetical reference decoder (HRD) flag is set to 1, ¢, ,(n ) < t,(
n ), a picture timing flag is set to 1 and the CPB is operating at access unit level, the
removal time for access unit n, t.{ n ) according to: t.(n ) =t ( n ) + min{ (t._. * Ceil( (
te{m) - t(m)) /), (*Ceill((tdn)-t,(n))/t))) where t.,(m) is the
nominal removal time of the last decoding unit n, ¢, is sub-picture clock tick Ceil() is
a ceiling function, t,{ m ) is a final arrival time of last decoding unit m, t,,( n ) is the
nominal removal time of the access unit n, t. isclock tick and t,{ n ) is a final arrival
time of access unit n.

[0037]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag) is setto 1, t,,( m ) < t,{ m ), a picture timing flag is set to 1 and
the CPB is operaling at sub-picture level, the removal time for the last decoding unit m
of access unit, t,(m) according to: t(m ) =t ,(m ) + (t. * Ceil( (tdn)-t(n))/t.))
where t.,( m ) is the nominal removal time of the last decoding unit m, t. ;18 sub-
picture clock tick Ceil() is a ceiling function, t,{d m ) is a final arrival time of last
decoding unit m, t,.( n ) is the nominal removal time of the access unit n, t.isclock tick
andt,{ n ) is a final arrival time of access unit n.

[0038]  When alow delay hypothetical reference decoder (HRD) flag is setto 1, t.,(n ) < t,«
n ), a picture timing flag is set to 1 and the CPB is operating at access unit level, the
removal time for access unit n, t.( n ) according to: t{n)=t.(n)+ (t * Ceil( (t{n) -
t.o( 1))/t )) where t,,( m ) is the nominal removal time of the last decoding unit n, t
v 18 sub-picture clock tick Ceil() is a ceiling function, t,{ m ) is a {inal arrival Gme of
last decoding unit m, t,( n ) is the nominal removal time of the access unit n, t. is clock
tick and t,{( n ) is a final arrival time of access unit n.

[0039]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag)is setto 1, t,,( m ) < t,{ m), a picture timing flag is sct to 1 and
the CPB is operating at sub-picture level, the removal time for a decoding unit m
which is not the last decoding unit is set as t,{ m ) = t,{ m ), where t,{ m ) is a final
arrival time of decoding unit m. When a low delay hypothetical reference decoder
(HRD) flag (e.g., low_delay_hrd_flag) is setto 1, t.s( m ) < t,{ m ), a picture timing

flag is set to 1 and the CPB is operating at sub-picture level, the removal time for a
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decoding unit m which is the last decoding unit m of access unit, t.(m) according to: t(
m)=t,(m)+ (t g *Ceil( (t,d{m)-t,(m))/t 4 )) wheret,(m) is the nominal
removal time of the last decoding unit m, t. s sub-picture clock tick Ceil() is a
cciling function, t.{ m ) is a final arrival time of last decoding unit m, t,.{ n ) is the
nominal removal time of the access unit n, t.isclock tick, t,{( n ) is a final arrival time
of access unit n, and t,{ m ) is a final arrival time of last decoding unit m in the access
unit n.

[0040]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag) is setto I, t..( m ) < t,{ m ), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for a decoding unit m
which is not the last decoding unit is set as t{ m ) = t,{ m ), where t,{( m ) is a final
arrival time of decoding unit m. When a low delay hypothetical reference decoder
(HRD) flag (e.g., low_delay_hrd_flag)issetto 1, t,,{ m ) < t,{ m ), a picture timing
flag is set to 1 and the CPB is operating at sub-picture level, the removal time for a
decoding unit m which is the last decoding unit m of access unit, t.(m) according to: t{
m)=t,(m)+ ¢ *Ceil( (t,{ m)-t(m))/t)) wheret ,( m) is the nominal
removal time of the last decoding unit m, t._1s sub-picture clock tick Ceil() is a
ceiling function, t,{m) is a final arrival time of last decoding unit m, t,;( n ) is the
nominal removal time of the access unit n, t.isclock tick t.{ n ) is a final arrival time of
access unit n, and t,f{ m ) is a final arrival time of last decoding unit m in the access
unit n.

[0041] When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd flag)issetto 1, t,,( m ) < t,( m ), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for a decoding unit m is sct
ast(m) =t m) where t,,( m) is the nominal removal time of the decoding unit m, t
«_sub 18 sub-picture clock tick Ceil() is a ceiling function, t,{ m ) is a final arrival time of
decoding unit m, t,,( n ) is the nominal removal time of the access unit n, t.isclock tick
t,d n) is a final arrival time of access unit n, and t,{ m ) is a final arrival time of
decoding unit m in the access unit n.

[0042]  When a low delay hypothetical reference decoder (HRD) flag is set to 1, t,.( n ) < t,{
n ), a picture timing flag is set to 1 and the CPB is operating at access unit level, the
removal time for access unit n, t{ n ) according to: t(n ) = t,( n ) where t.,( m ) is the
nominal removal time of the last decoding unit n, t__,, is sub-picture clock tick Ceil() is
a ceiling function, t,{ m ) is a final arrival time of last decoding unit m, t,,( n ) is the
nominal removal time of the access unit n, t.isclock tick and t,{ n ) is a final arrival
time of access unit n.

[0043]  Additionally in some cases a flag may be sent in part of the bitstream to signal which

of the above alternative equations are used for deciding the removal time of the
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decoding units and removel time of the access unit. In one case the flag may be called
du_au_cpb_alignment_mode_flag. If du_au_cpb_alignment_mode_flag is 1 then the
equations above which align the operation of CPB which operates in sub-picture based
mode with the CPB which operates in the access unit mode are used. If
du_au_cpb_alignment _mode_flag is O then the equations above which do not align the
operation of CPB which operates in sub-picture based mode with the CPB which
operates in the access unit mode are used.

[0044]  In one case the flag du_au_cpb_alignment_mode_flag may be signaled in the video
usbility information (VUI). In another case the flag du_au_cpb_alignment_mode_flag
may be sent in picture timing SEI message. In yet another case the flag
du_au_cpb_alignment_mode_flag may be sent in some other normative part of the
bitstream. One example of modified syntax and semantics in accordance with the
systems and methods disclosed herein is given in Table (0) as follows.

[0045] ([Table 0]

pic_timing( payloadSize ) {
if{ CpbDpbDelaysPresentFlag ) {
cpb_removal delay
dpb_output_delay
if{ sub_pic_cpb_params_present flag) {
num_decoding_units minus]
du_au cpb alignment mode flag
for(i=0; i <= num_decoding units_minusl; j++) {
num_nalus_in _du_minusi[i]
du_cpb_removal delay[i]

Table (0)

[0046] It should be noted that different symbols (names) than those used above for various
variables may be used. For example t,( n ) of access unit n may be called CpbRe-
movalTime(n), t( m ) of decoding unit n may be called CpbRemovalTime(m), te_ab
may be called ClockSubTick t.may be called ClockTick , t.{ n ) of access unit m may
be called FinalArrivalTime(n) of access unit n, t,{ m ) of decoding unit m may be
called Final ArrivalTime(m), t..( n ) may be called NominalRemovalTime(n) of the
access unit n, t,,( m ) may be called NominalRemovalTime(m) of the decoding unit m.

[0047] A method for sending a message by an electronic device is also described. The
method includes determining, when a Coded Picture Buffer (CPB) supports operation
on a sub-picture level, whether to include a common decoding unit CPB removal delay
parameter in a picture timing Supplemental Enhancement Information (SEI) message.
The method also includes generating, when the common decoding unit CPB removal

delay parameter is to be included in the picture timing SEI message, the common
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decoding unit CPB removal delay parameter, wherein the common decoding unit CPB
removal delay parameter is applicable to all decoding units in an access unit from the
CPB. The method also includes generating, when the common decoding unit CPB
removal delay parameter is not to be included in the picture timing SEI message, a
separate decoding unit CPB removal delay parameter for each decoding unit in the
access unit. The method also includes sending the picture timing SEI message with the
common decoding unit CPB removal delay parameter or the decoding unit CPB
removal delay parameters.

[0048] A method for buffering a bitstream by an electronic device is also described. The
method includes determining that a CPB signals parameters on a sub-picture level for
an access unit. The method also includes determining, when a received picture timing
Supplemental Enhancement Information (SEI) message comprises the common
decoding unit Coded Picture Buffer (CPB) removal delay flag, a common decoding
unit CPB removal delay parameter applicable to all decoding units in the access unit.
The method also includes determining, when the picture timing SEI message does not
comprise the common decoding unit CPB removal delay flag, a separate decoding unit
CPB removal delay parameter for each decoding unit in the access unit. The method
also includes removing decoding units from the CPB using the common decoding unit
CPB removal delay parameter or the separate decoding unit CPB removal delay pa-
rameters. The method also includes decoding the decoding units in the access unit.

[0049]  The systems and methods disclosed herein describe electronic devices for sending a
message and buffering a bitstream. For example, the systems and methods disclosed
herein describe buffering for bitstreams starting with sub-picture parameters. In some
configurations, the systems and methods disclosed herein may describe signaling sub-
picture based Hypothetical Reference Decoder (HRD) parameters. For instance, the
systems and methods disclosed herein describe modification to a picture timing Sup-
plemental Enhancement Information (SEI) message. The systems and methods
disclosed herein (e.g., the HRD modification) may result in more compact signaling of
parameters when each sub-picture arrives and is removed from CPB at regular
intervals.

[0050]  Furthermore, when the sub-picture level CPB removal delay parameters are present,
the Coded Picture Buffer (CPB) may operate at access unit level or sub-picture level.
The present systems and methods may also impose a bitstream constraint so that the
sub-picture level based CPB operation and the access unit level CPB operation result
in the same timing of decoding unit removal. Specifically the timing of removal of last
decoding unit in an access unit when operating in sub-picture mode and the timing of
removal of access unit when operating in access unit mode will be the same.

[0051] It should be noted that although the term "hypothetical” is used in reference to an
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HRD, the HRD may be physically implemented. For example, "HRD" may be used to
describe an implementation of an actual decoder. In some configurations, an HRD may
be implemented in order to determine whether a bitstrecam conforms to High Efficiency
Video Coding (HEVC) specifications. For instance, an HRD may be used to determine
whether Type I bitstreams and Type Il bitstreams conform to HEVC specifications. A
Type I bitstream may contain only Video Coding Layer {(VCL) Network Access Layer
{NAL) units and filler data NAL units. A Type I bitstream may contain additional
other NAL units and syntax elements.

[0052]  Joint Collaborative Team on Video Coding (JCTVC) document JCTVC-10333
includes sub-picture based HRD and supports picture timing SEI messages. This func-
tionality has been incorporaled into the High Efficiency Video Coding (HEVC)
Committee Draft (JCTVC-11003). B. Bros, W-J. Han, J-R. Ohm, G.J. Sullivan, Wang,
and T-. Wiegand, "High efficiency video coding (HEVC) text specification draft 10
(for DFIS & Last Call)", JCTVC-J10003_v34, Geneva, January 2013, and B. Bros,
W-J. Han, J-R. Ohm, G.J. Sullivan, Wang, and T-. Wiegand, "High cfficicncy vidco
coding (HEVC) text specification draft 10", JCTVC-L1003, Geneva, January 2013.
are also referenced herein.

[0053]  One example of modified syntax and semantics in accordance with the systems and
methods disclosed herein is given in Table (1) as follows.

[0054] [Table 1]

pic_timing( payloadSize ) {
#{ CpbDpbDelaysPresentFlag) {

cpb_removal delay

dpb_output_delay

if{ sub_pic_cpb_params_present_flag) {
num_decoding units_minusl
common_du_cpb_removal_delay flag

iflcommon_du_cpb_removal_delay_flag) {
common_du_cpb_removal_delay ‘

}
for(i=0; i <= num decoding_units_minusl; i++) {
N num_nalus_in_du_minus1[i]
if('common_du_cpb_removal_delay flag)
du_cpb_removal_delaylil
}
}

Table (1)
[0055]  Examples regarding buffering period SEI message semantics in accordance with the
systems and methods disclosed herein arc given as follows. In particular, additional
detail regarding the semantics of the modified syntax elements are given as follows.

When NalHrdBpPresentFlag or VclHrdBpPresentFlag are equal to 1, a buffering
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period SEI message can be associated with any access unit in the bitstream, and a
buffering period SEI message may be associated with each IDR access unit, with each
CRA access unit, and with each access unit associated with a recovery point SEI
message. For some applications, the frequent presence of a buffering period SEI
message may be desirable. A buffering period is specified as the set of access units
between two instances of the buffering period SEI message in decoding order.

[0056] ‘'seq_parameter_set_id' specifies the sequence parameter set that contains the
sequence HRD attributes. The value of seq_parameter_set_id may be equal to the
value of seq_parameter_set_id in the picture parameter set referenced by the primary
coded picture associated with the buffering period SEI message. The value of
seq_parameter_set_id may be in the range of 0 to 31, inclusive.

[0057]  ‘initial cpb_removal delay'| SchedSelldx ] specifies the delay for the SchedSelldx-th
CPB between the time of arrival in the CPB of the first bit of the coded data associated
with the access unit associated with the buffering period SEI message and the time of
removal from the CPB of the coded data associated with the same access unit, for the
first buffering period after HRD initialization. The syntax element has a length in bits
given by initial_cpb_removal_delay_length_minus1 + 1. Tt is in units of 2 90 kHz
clock. initial_cpb_removal_delay[ SchedSelldx ] may not be equal to O and may not
exceed 90000 * (CpbSize[ SchedSelldx ]/ BitRate[ SchedSelldx 1), the time-
equivalent of the CPB size in 90 kHz clock units.

[0058]  'initial_cpb_removal_delay_offset| SchedSelldx ] is used for the SchedSelldx-th
CPB in combination with the cpb_removal_delay to specify the initial delivery time of
coded access units to the CPB. initial_cpb_removal_delay_offset] SchedSelldx ] is in
units of a 90 kHz clock. The initial cpb_removal_delay_offset[ SchedSelldx ] syntax
element is a fixed length code whose length in bits is given by
initial_cpb_removal_dclay_length_minus]1 + 1. This syntax element is not used by
decoders and is needed only for the delivery scheduler (HSS) (e.g., as specified in
Annex C of JCTVC-11003).

[0059] Over the entire coded video sequence, the sum of initial_cpb_removal_delay[
SchedSelldx ] and initial_cpb_removal_delay_offset] SchedSelldx ] may be constant
for each value of SchedSelldx.

[0060]  ‘initial _du_cpb_removal_delay'| SchedSclldx ] specifies the delay for the
SchedSelldx-th CPB between the time of arrival in the CPB of the first bit of the coded
data associated with the first decoding unit in the access unit associated with the
buffering period SEI message and the time of removal from the CPB of the coded data
associated with the same decoding unit, for the first buffering period after HRD ini-
tialisation. The syntax element has a length in bits given by
initial_cpb_removal_delay length_minus1 + 1. It is in units of a 90 kHz clock.
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[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

initial_du_cpb_removal_delay[ SchedSelldx ] may not be equal to O and may not
exceed 90000 * ( CpbSize[ SchedSelldx ]/ BitRate[ SchedSelldx ] ), the time-
equivalent of the CPB size in 90 kHz clock units.

initial_du_cpb_removal_delay_offset' SchedSelldx ] is used for the SchedSelldx-th
CPB in combination with the cpb_removal_delay to specify the initial delivery time of
decoding units to the CPB.

initial_cpb_removal_delay_offset] SchedSelldx ] is in units of a 90 kHz clock. The
initial_du_cpb_removal_delay_offset[ SchedSelldx ] syntax element is a fixed length
code whose length in bits is given by initial_cpb_removal_delay_length_minus1 + 1.
This syntax element is not used by decoders and is needed only for the delivery
scheduler (HSS) (e.g., as specified in Annex C of JCTVC-11003).

Over the entire coded video sequence, the sum of initial_du_cpb_removal_delay[
SchedSelldx ] and initial_du_cpb_removal_delay_offset[ SchedSelldx ] may be
constant for each value of SchedSelldx.

Examples regarding picture timing SEI message semantics in accordance with the
systems and methods disclosed herein are given as follows. In particular, additional
detail regarding the semantics of the modified syntax elements are given as follows.

The syntax of the picture timing SEI message is dependent on the content of the
sequence parameter set that is active for the coded picture associated with the picture
timing SEI message. However, unless the picture timing SEI message of an In-
stantaneous Decoding Refresh (IDR) access unit is preceded by a buffering period SEI
message within the same access unit, the activation of the associated sequence
parameter set (and, for IDR pictures that are not the first picture in the bitstream, the
determination that the coded picture is an IDR picture) does not occur until the
decoding of the first coded slice Network Abstraction Layer (NAL) unit of the coded
picture. Since the coded slice NAL unit of the coded picture follows the picture timing
SEI message in NAL unit order, there may be cases in which it is necessary for a
decoder to store the raw byte sequence payload (RBSP) containing the picture timing
SEI message until determining the parameters of the sequence parameter that will be
active for the coded picture, and then perform the parsing of the picture timing SEI
message.

The presence of picture timing SEI message in the bitstream is specified as follows.
If CpbDpbDelaysPresentFlag is equal to 1, one picture timing SEI message may be
present in every access unit of the coded video sequence. Otherwise
(CpbDpbDelaysPresentFlag is equal to 0), no picture timing SEI messages may be
present in any access unit of the coded video sequence.

‘cpb_removal_delay' specifies how many clock ticks (see subclause E.2.1 of JCTVC-

11003) to wait after removal from the CPB of the access unit associated with the most
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recent buffering period SEI message in a preceding access unit before removing from
the buffer the access unit data associated with the picture timing SEI message. This
value is also used to calculate an earliest possible time of arrival of access unit data
into the CPB for the HSS, as specified in Annex C of JCTVC-11003. The syntax
element is a fixed length code whose length in bits is given by
cpb_removal_delay_length_minusl + 1. The cpb_removal_delay is the remainder of a
modulo 2(Cph _remmoval_delay_length_minusl + 1) counter.

[0068]  The value of cpb_removal_delay_length_minus] that determines the length (in bits)
of the syntax element cpb_removal _delay is the value of
cpb_removal_delay length_minusl coded in the sequence parameter set that is active
for the primary coded picture associated with the picture timing SEI message, although
cpb_removal_delay specifies a number of clock ticks relative to the removal time of
the preceding access unit containing a buffering period SEI message, which may be an
access unit of a different coded video sequence.

[0069]  'dpb_output_delay’ is used to compute the Decoded Picture Buffer (DPB) output time
of the picture. It specifies how many clock ticks to wait after removal of the last
decoding unit in an access unit from the CPB before the decoded picture is output from
the DPB (see subclause C.2 of JCTVC-11003).

[0070]  With respect to the DPB, a picture is not removed from the DPB at its output time
when it is still marked as "used for short-term reference” or "used for long-term
reference”. Only one dpb_output_delay is specified for a decoded picture. The length
of the syntax element dpb_output_delay is given in bits by
dpb_output_delay_length_minusl + 1. When max_dec_pic_buffering[
max_temporal_layers_minusl | is equal to 0, dpb_output_delay may be equal to 0.

[0071]  The output time derived from the dpb_output_delay of any picture that is output from
an output timing conforming decoder as specified in subclause C.2 of JCTVC-11003
may precede the output time derived from the dpb_output_delay of all pictures in any
subsequent coded video sequence in decoding order. The picture output order es-
tablished by the values of this syntax element may be the same order as established by
the values of PicOrderCnt( ) as specified by subclause. For pictures that are not output
by the "bumping" process of subclause because they precede, in decoding order, an
IDR picture with no_output_of_prior_pics_flag equal to 1 or inferred to be equal to 1,
the output times derived from dpb_output_delay may be increasing with increasing
value of PicOrderCnt( ) relative to all pictures within the same coded video sequence.

[0072]  'num_decoding_units_minus]' plus 1 specifies the number of decoding units in the
access unit the picture timing SEI message is associated with. The value of
num_decoding_units_minus1 may be in the range of 0 to PicWidthInCtbs *
PicHeightInCtbs - 1, inclusive.
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[0073]  ‘common_du_cpb_removal_delay_flag' equal to 1 specifies that the syntax element
common_du_cpb_removal_delay is present.

[0074] ‘common_du_cpb_removal_delay_flag’ equal to O specifies that the syntax element
common_du_cpb_removal_delay is not present.

[0075] ‘common_du_cpb_removal_delay’ specifies information as follows: If a decoding
unit is the first decoding unit in the access unit associated with the picture timing SEI
message then common_du_cpb_removal_delay specifies how many sub-picture clock
ticks (see subclause E.2.1 of JCTVC-11003) to wait after removal from the CPB of the
last decoding unit in the access unit associated with the most recent buffering period
SEI message in a preceding access unit before removing from the CPB the first
decoding unit in the access unit associated with the picture timing SEI message.

[0076]  Otherwise common_du_cpb_removal_delay specifies how many sub-picture clock
ticks (see subclause E.2.1 of JCTVC-I1003) to wait after removal from the CPB of the
preceding decoding unit in the access unit associated with the picture timing SEI
message before removing from the CPB the current decoding unit in the access unit as-
sociated with the picture timing SEI message. This value is also used to calculate an
earliest possible time of arrival of decoding unit data into the CPB for the HSS, as
specified in Annex C. The syntax element is a fixed length code whose length in bits is
given by cpb_removal_delay_length_minusl + 1. The
common_du_cpb_removal_delay is the remamder of a modulo 2(pbremoval_delay_length_minus] +
D counter.

[0077]  Analternate way of specifying '‘common_du_cpb_removal_delay' is as follows.

[0078] common_du_cpb_removal delay specifies how many sub-picture clock ticks (see
subclause E.2.1 of JCTVC-I1003) to wait after removal from the CPB of the last
decoding unit before removing from the CPB the current decoding unit in the access
unit associated with the picture timing SEI message. This value is also used to
calculate an earliest possible time of arrival of decoding unit data into the CPB for the
HSS, as specified in Annex C. The syntax element is a fixed length code whose length
in bits is given by cpb_removal_delay_length_minus1 + 1. The
common_du_cpb _removal_delay is the remainder of a modulo 2(cpb_removal_delay_length_minusi +
D counter.

[0079]  The value of cpb_removal_delay_length_minus] that determines the length (in bits)
of the syntax element common_du_cpb_removal_delay is the value of
cpb_removal_delay_length_minus1 coded in the sequence parameter set that is active
for the coded picture associated with the picture timing SEI message, although
common_du_cpb_removal_delay specifies a number of sub-picture clock ticks relative
to the removal time of the first decoding unit in the preceding access unit containing a

buffering period SEI message, which may be an access unit of a different coded video
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sequence.

[0080]  'mum_nalus_in_du_minusl[i]' plus 1 specifies the number of NAL units in the i-th
decoding unit of the access unit the picture timing SEI message is associated with. The
value of num_nalus_in_du_minus1[ i ] may be in the range of 0 to PicWidthInCtbs *
PicHeightInCtbs - 1, inclusive.

[0081]  The first decoding unit of the access unit consists of the first
num_nalus_in_du_minus1[ 0 ] + 1 consecutive NAL units in decoding order in the
access unit. The i-th (with i greater than 0) decoding unit of the access unit consists of
the num_nalus_in_du_minusl[i ] + 1 consecutive NAL units immediately following
the last NAL unit in the previous decoding unit of the access unit, in decoding order.
There may be at least one VCL NAL unit in each decoding unit. All non-VCL NAL
units associated with a VCL NAL unit may be included in the same decoding unit.

[0082]  'du_cpb_removal_delay[ i |' specifies how many sub-picture clock ticks (see
subclause E.2.1 of JCTVC-11003) to wait after removal from the CPB of the first
decoding unit in the access unit associated with the most recent buffering period SEI
message in a preceding access unit before removing from the CPB the i-th decoding
unit in the access unit associated with the picture timing SEI message. This value is
also used to calculate an earliest possible time of arrival of decoding unit data into the
CPB for the HSS (e.g., as specified in Annex C of JCTVC-11003). The syntax clement
is a fixed length code whose length in bits is given by
cpb_removal_delay_length_minusl + 1. The du_cpb_removal_delay[ i ] is the
remainder of a modulo 2(cpb_removal_delay_length_minusl + 1) counter.

{0083]  The value of cpb_removal_delay_length_minus] that determines the length (in bits)
of the syntax element du_cpb_removal_delay[ i ] is the value of
cpb_removal delay length minusl coded in the sequence parameter sct that is active
for the coded picture associated with the picture timing SEI message, although
du_cpb_removal_delay[ i ] specifies a number of sub-picture clock ticks relative to the
removal time of the first decoding unit in the preceding access unit containing a
buffering period SEI message, which may be an access unit of a different coded video
sequence.

[0084]  In one configuration, the timing of decoding unit removal and decoding of decoding
units may be implemented as follows.

[0085]  If SubPicCpbFlag is equal to 0, the variable CpbRemovalDelay( m ) is set to the
value of cpb_removal_delay in the picture timing SEI message associated with the
access unit that is decoding unit m, and the variable T, is set to t.. Otherwise if Sub-
PicCpbFlag is cqual to 1 and common_du_cpb_removal_delay_flag is O the variable
CpbRemovalDelay( m ) is set to the value of du_cpb_removal_delay[ i ] for decoding

unit m (with m ranging from O to num_decoding_units_minus1) in the picture timing
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[0086]

[0087]

[0088]

[0089]

{0090]

[0091]

[0092]

SEI message associated with the access unit that contains decoding unit m, and the
variable T, is set to t_ .

In some cases, Otherwise if SubPicCpbFlag is equal to 1 and
common_du_cpb_removal_delay_flag is 0 the variable CpbRemovalDelay( m ) is set
to the value of (m+1)*du_cpb_removal_delay][ i ] for decoding unit m (with m ranging
from 0 to num_decoding_units_minusl) in the picture timing SEI message associated
with the access unit that contains decoding unit m, and the variable T, is set to t, .

Otherwise if SubPicCpbFlag is equal to 1 and common_du_cpb_removal_delay_flag
is 1 the variable CpbRemovalDelay( m ) is set to the value of
common_du_cpb_removal_delay for decoding unit m in the picture timing SEI
message associated with the access unit that contains decoding unit m, and the variable
T.is set to t. g

When a decoding unit m is the decoding unit with n equal to 0 (the first decoding
unit of the access unit that initializes the HRD), the nominal removal time of the
decoding unit from the CPB is specified by t.,( 0 ) = InitCpbRemovalDelay|
SchedSelldx ] / 90000.

When a decoding unit m is the first decoding unit of the first access unit of a
buffering period that does not initialize the HRD, the nominal removal time of the
decoding unit from the CPB is specified by t.,( m ) = t.,( m,) + T. * CpbRe-
movalDelay( m ), where t.,( m, ) is the nominal removal time of the first decoding unit
of the previous buffering period.

When a decoding unit m is the first decoding unit of a buffering period, m, is set
equal to m at the removal time t,,( m ) of the decoding unit m. The nominal removal
time t..( m ) of a decoding unit m that is not the first decoding unit of a buffering
period is given by t.,( m ) =t.,( my ) + T. * CpbRemovalDelay( m ), where t,,( my) is
the nominal removal time of the first decoding unit of the current buffering period.

The removal time of decoding unit m is specified as follows. If low_delay_hrd_flag
is equal to 0 or t,,( m ) >= t,{ m ), the removal time of decoding unit m is specified by
t(m) =t ,(m). Otherwise (low_delay_hrd_flag is equal to 1 and t,,( m ) < t,{ m)),
the removal time of decoding unit m is specified by t(m ) =t,,(m) + T, * Ceil({ ( t{
m) - t,(m))/T.). The latter case (Jow_delay_hrd_flag is equal to 1 and t,,( m ) < t(
m )) indicates that the size of decoding unit m, b( m ), is so large that it prevents
removal at the nominal removal time.

In another case the removal time of decoding unit m is specified as follows. If
low_delay_hrd_flag is equal to 0 or t,,( m ) >=t,{ m ), the removal time of decoding
unit m is specified by t(m ) =t,,( m ). Otherwise (low_delay_hrd_flag is equal to 1
and t.,( m ) < t,{ m )), the removal time of decoding unit m which is not the last

decoding unit in the access unit is specified by t( m ) = t,{ m ), and the removal time
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[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

of decoding unit m which is the last decoding unit in the access unit t(m)=¢,(m )+
T * Ceil( (t{m)-t,(m))/t). The latter case (low_delay_hrd_flag is equal to 1
and t.,( m ) < t,{ m )) indicates that the size of decoding unit m, b( m ), is so large that
it prevents removal at the nominal removal time.

In another case the removal time of decoding unit m is specified as follows. If
low_delay_hrd_flag is equal to 0 or t,( m ) >= t,{ m ), the removal time of decoding
unit m is specified by t( m ) =t ( m ). Otherwise (low_delay_hrd_flag is equal to 1
and t.( m ) < t,{ m)), the removal time of decoding unit m which is not the last
decoding unit in the access unit is specified by t( m ) = t,{ m ), and the removal time
of decoding unit m which is the last decoding unit in the access unit t(m )=t (m )+
t. * Ceil( ( t{m ) - t,( m ) ) /t. ). The latter case (low_delay_hrd_flag is equal to 1 and
t..( m) < t,{ m)) indicates that the size of decoding unit m, b( m ), is so large that it
prevents removal at the nominal removal time.

In another case the removal time of decoding unit m is specified as follows. If
low_delay_hrd_flag is equal to O or t;.( m ) >= t.,{ m ), the removal time of decoding
unit m is specified by t( m ) = ,,( m ). Otherwise (low_delay_hrd_flag is equal to 1
and t,,( m) < t,{ m )), the removal time of decoding unit m is specified by t,( m ) = t,{
m ). The latter case (low_delay_hrd_flag isequal to 1 and t,,{ m ) < t,{ m )) indicates
that the size of decoding unit m, b( m ), is so large that it prcvents removal at the
nominal removal time.

When SubPicCpbFlag is equal to 1, the nominal CPB removal time of access unit n t
o 1) is set to the nominal CPB removal time of the last decoding unit in access unit n,
the CPB removal time of access unit nn t( n ) is set to the CPB removal time of the last
decoding unit in access unit n.

When SubPicCpbFlag is equal to 0, each decoding unit is an access unit, hence the
nominal CPB removal time and the CPB removal time of access unit n are the nominal
CPB removal time and the CPB removal time of decoding unit n.

At CPB removal time of decoding unit m, the decoding unit is instantaneously
decoded.

Another example of modified syntax and semantics for a picture timing SEI message
in accordance with the systems and methods disclosed herein is given in Table (2) as
follows. Modifications in accordance with the systems and methods disclosed herein
are denoted in bold.
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[Table 2]

pic_timing( payloadSize ) {
if{ CpbDpbDelaysPresentFlag ) §
cpb_removal delay
dpb_output_delay
if{ sub_pic_cpb_params_present_flag) {
num_decoding_units_minusl
common_du_cpb_removal_delay_flag
ifcommon_du_cpb_removal_delay_flag) {
common_num_nalus_in_du_minusl
common_du_cpb_removal_delay
}
for(i =0; i <= num_decoding units_minusl; i++) §
num_nalus_in_du_minus1{i]
if(lcommon_du_cpb_removal_delay flag)
du_cpb_removal_delaylil

Table (2)

[0100]  The illustrated example in Table (2) includes a syntax element
common_num_nalus_in_du_minus1, which may be used to determine how much data
should be removed from the CPB when removing a decoding unit.
‘common_num_nalus_in_du_minus1' plus 1 specifies the number of NAL units in each
decoding unit of the access unit the picture timing SEI message is associated with. The
value of common_num_nalus_in_du_minus] may be in the range of 0 to
PicWidthInCtbs * PicHeightInCtbs - 1, inclusive.

[0101]  The first decoding unit of the access unit consists of the first
common_num_nalus_in_du_minusl + 1 consecutive NAL units in decoding order in
the access unit. The i-th (with i greater than 0) decoding unit of the access unit consists
of the common_num_nalus_in_du_minus1 + 1 consecutive NAL units immediately
following the last NAL unit in the previous decoding unit of (he access unit, in
decoding order. There may be at least onc VCL NAL unit in each decoding unit. All
non-VCL NAL units associated with a VCL NAL unit may be included in the same
decoding unit.

[0102]  Another example of modified syntax and semantics for a picture timing SEI message
in accordance with the systems and methods disclosed herein is given in Table (3) as
follows. Modifications in accordance with the systems and methods disclosed herein
are denoted in bold.

[0103]
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[0104]

[0105]

[0106]

[0107]

[0108]

[Table 3]

ic_timing( payloadSize ) {
if{ CpbDpbDelaysPresentFlag ) {
cpb_removal_delay
dpb_output_delay
if{ sub_pic_cph_params_present_flag) {
num_decoding_units_minusl
common_num_nalus_in_du flag
if(common_num_nalus_in_du_flag) {
common_num_nalus_in_du_minusl
}
common_du_cpb_removal_delay_flag
iflcommon_du_cpb_removal_delay_flag) {
common,_du_cpb_removal_delay
H

for(i=0;i <= num_decoding_units minusl;i++) {
iflcommon_num_nalus_in_du _flag)
num_nalus_in_du_minus1[i]
iflcommon,_du_cpb_removal_delay flag)
du_cpb_removal_delaylil

Table (3)

The illustrated example in Table (3) includes a syntax element
‘common_num_nalus_in_du_flag' that, when equal to 1, specifies that the syntax
element 'common_num_nalus_in_du_minusl' is present.
‘common_num_nalus_in_du_{flag 'equal to O specifies that the syntax element
‘common_num_nalus_in_du_minusl' is not present.

In yet another embodiment flags common_du_cpb_removal_delay_flag
common_num_nalus_in_du_minusl, may not be sent. Instead syntax elements
common_num_nalus_in_du_minusl and common_du_cpb_removal_delay could be
sent every time. In this case a value of O (or some other) for these syntax elements
could be used to indicate that these elements are not signaled.

In addition to modifications to the syntax elements and semantics of the picture
timing SEI message, the present systems and methods may also implement a bitstream
constraint so that sub-picture based CPB operation and access unit level CPB operation
result in the same timing of decoding unit removal.

When sub_pic_cpb_params_present_flag equals to 1 that sub-picture level CPB
removal delay parameters are present the CPB may operate at access unit level or sub-
picture level. sub_pic_cpb_params_present_flag equal to O specifies that sub-picture
level CPB removal delay parameters are not present and the CPB operates at access
unit level. When sub_pic_cpb_params_present_flag is not present, its value is inferred
to be equal to 0.

To support the operation at both access unit level or sub-picture level, the following
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(0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

bitstream constraints may be used: If sub_pic_cpb_params_present_flag is 1 then it is
requirement of bitstream conformance that the following constraint is obeyed when
signaling the values for cpb_removal_delay and du_cpb_removal_delay[i] for all i
[Math.3]

num_decoding_units_minusl
( Z du_cpb_removal_delay[i])*, ¢,

cpb_removal_delay = i=0

2tC
where du_cpb_removal_delay[i] are the decoding unit CPB removal delay pa-
rameters, (. is a clock tick, t. .., is sub-picture clock tick, num_decoding_units_minus|
is an amount of decoding units in the access unit offset by one, and i is an index. In
some embodiments a tolerance parameter could be added to satisfy the above
constraint.
To support the operation at both access unit level or sub-picture level, the bitstream

constraints as follows may be used: Let the variable Tq,(k) be defined as:
[Math.4]

Tdu(k) = Tdu(k'1 )+ tc_sub * “m—mMz‘fd(:i_:i_n:;b_removalﬁdelay_minus] L+

where du_cpb_removal_delay_minusl,[ i ] and num_decoding_units_minus1, are
parameters for I'th decoding unit of k'th access unit (with k=0 for the access unit that
initialized the HRD and T,,(k)=0 for k<1), and where du_cpb_removal_delay_ minus1
i i J[+1=du_cpb_removal_delay_minusl,[i] is the decoding unit CPB removal delay
parameter for the I'th decoding unit of the k'th access unit, and
num_decoding_units_minusy is the number of decoding units in the k'th access unit, t,
is a clock tick, t. is a sub-picture clock tick, and i and k are an indices. Then when

the picture timing flag (e.g., sub_pic_cpb_params_present_flag) is set to 1, the

following constraint shall be true: ( au_cpb_removal_delay_minusl + 1 ) ¥ t. == T,
(k), where (au_cpb_removal_delay_minusl + 1)=cpb_removal_delay, the CPB
removal delay. Thus in this case the CPB removal delay
(au_cpb_removal_delay_minusl + 1 ) is set such that the operation of sub-picture
based CPB operation and access unit based CPB operation result in the same timing of
access unit removal and last decoding unit of the access unit removal,

To support the operation at both access unit level or sub-picture level, the following
bitstream constraints may be used: If sub_pic_cpb_params_present_flag is 1 then it is
requirement of bitstream conformance that the following constraint is obeyed when

signaling the values for cpb_removal_delay and du_cpb_removal_delay[i] for all i: -
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[Math.5]
num_decoding_units minusl
-1<[cpb_removal_delay*z, —( > du_cpb_removal_delay[i])*z, ;)] <1
i=0

[0116]  where du_cpb_removal_delay[i] are the decoding unit CPB removal delay pa-
rameters, (. is a clock tick, t ., is sub-picture clock tick, num_decoding_units_minus1
is an amount of decoding units in the access unit offsct by one, and i is an index.

[0117]  To support the operation at both access unit level or sub-picture level, the following
bilstream constraints may be used: If sub_pic_cpb_params_present_flag is 1 then it is
requirement of bitstream conformance that the following constraint is obeyed when
signaling the values for cpb_removal_delay and
du_cpb_removal_delay[num_decoding_units_minusl}: cpb_removal_delay*t. =
du_cpb_removal_delay[num_decoding_units_minus1]}* t.,, where
du_cpb_removal_delay[num_decoding_units_minus1] is the decoding unit CPB
removal delay parameter for the num_decoding_units_minus1‘th decoding unit, t. is a
clock tick, t. ., is a sub-picture clock tick, num_decoding_units_minusl is an amount
of decoding units in the access unit offset by one. In some embodiments a tolerance
parameter could be added to satisfy the above constraint.

[0118]  To support the operation at both access unit level or sub-picture level, the following
bitstream constraints may be used: If sub_pic_cpb_params_present_flag is 1 then it is
requirement of bitstream conformance that the following constraint is obeyed when
signaling the values for cpb_removal delay and du_cpb_removal_delayfi] for all i: -
1<=(cpb_removal_delay*t. - du_cpb_removal_delay[num_decoding_units_minus1]* t
csw) <=1 where du_cpb_removal_delay[num_decoding_units_minus1] is the decoding
unit CPB removal delay parameter for the num_decoding_units_minus1'th decoding
unit, t is a clock tick, t..u is a sub-picture clock tick, num_decoding_units_minus] is
an amount of decoding units in the access unit offset by one.

[0119]  Additionally, the present systems and methods may modify the timing of decoding
unit removal. When sub-picture level CPB removal delay parameters are present, the
removal time of decoding unit for "big pictures” (when low_delay _hrd_flag is 1 and t,,,
(m) < t,{ m)) may be changed to compensate for difference that can arise due to
clock tick counter and sub-picture clock tick counter.

(0120]  When sub_pic_cpb_params_present_flag equals to 1 then sub-picture level CPB
removal delay parameters are present and the CPB may operate at access unit level or
sub-picture level. sub_pic_cpb_params_present_flag equal to 0 specifies that sub-
picture level CPB removal delay parameters are not present and the CPB operates at
access unit level. When sub_pic_cpb_params_present_flag is not present, its value is

inferred to be equal to 0.
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[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

Specifically, one example of timing of decoding unit removal and decoding of
decoding unit implementation is as follows. The variable SubPicCpbPreferredFlag is
either specified by external means, or when not specified by external means, set to 0.
The variable SubPicCpbFlag is derived as follows: SubPicCpbFlag = SubPicCpbPre-
ferredFlag && sub_pic_cpb_params_present_flag. If SubPicCpbFlag is equal to 0, the
CPB operates at access unit level and each decoding unit is an access unit. Otherwise
the CPB operates at sub-picture level and each decoding unit is a subset of an access
unit.

If SubPicCpbFlag is equal to 0, the variable CpbRemovalDelay( m ) is set to the
value of cpb_removal_delay in the picture timing SEI message associated with the
access unit that is decoding unit m, and the variable T, is set to t.. Otherwise the
variable CpbRemovalDelay( m ) is set to the value of du_cpb_removal_delay[ i ] for
decoding unit m in the picture timing SEI message associated with the access unit that
contains decoding unit m, and the variable T, is set to t._ .

When a decoding unit m is the decoding unit with n equal to 0 (the first decoding
unit of the access unit that initializes the HRD), the nominal removal time of the
decoding unit from the CPB is specified by t.,( 0 ) = InitCpbRemovalDelay[
SchedSelldx ]/ 90000.

When a decoding unit m is the first decoding unit of the first access unit of a
buffering period that does not initialize the HRD, the nominal removal time of the
decoding unit from the CPB is specified by t.,( m ) = t,.( m,) + T. * CpbRe-
movalDelay( m ) where t,,( m,) is the nominal removal time of the first decoding unit
of the previous buffering period.

When a decoding unit m is the first decoding unit of a buffering period, m, is set
equal to m at the removal time t,,( m ) of the decoding unit m.

The nominal removal time t,,( m ) of a decoding unit m that is not the first decoding
unit of a buffering period is given by t,,(m ) =t,,( m, ) + T. * CpbRemovalDelay( m )
where t;,( my ) is the nominal removal time of the first decoding unit of the current
buffering period.

The removal time of decoding unit m is specified as follows. The variable ClockDiff
is defined as ClockDiff =
(num_units_in_tick-(num_units_in_sub_tick*(num_decoding_units_minus1+1)) /
time_scale). In some case it may be requirement of a bitstream conformance that the
parameters num_units_in_tick, num_units_in_sub_tick, num_decoding_units_minus1
are signaled such that following equation is satisfied.
(num_units_in_tick-(num_units_in_sub_tick*(num_decoding_units_minus1+1))) >=0

In some other case it may be requirement of a bitstream conformance that the pa-

rameters num_umnits_in_tick, num_units_in_sub_tick, num_decoding_units_minus]
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may be signaled such that following equation is satisfied.
(num_units_in_tick-(num_units_in_sub_tick*(num_decoding_units_minus1+1))) <=0
If low_delay_hrd_flag is equal to 0 or t,,( m ) >= t,{ m ), the removal time of decoding
unit m is specified by t{ m) =t .(m ).

[0129]  Otherwise (low_delay_hrd_flag is equal to 1 and t.( m ) < t,{ m )), and when
sub_pic_cpb_params_present_flag equals to 1 and the CPB is operating at sub-picture
level, and if ClockDiff is greater than zero the removal time of decoding unit m when
it is the last decoding unit of the access unit n is specified by t{m ) =t ,(m) + T, *
Ceill( (tdm)-t(m))/T.)+ ClockDiff.

[0130]  Otherwise (low_delay_hrd_flag is equal to 1 and tr,n( m ) < taf( m )), and when
sub_pic_cpb_params_prcscnt_flag cquals to 1 and the CPB is operating at access unit
level and if ClockDiff is less than zero the removal time of access unit n is specified by
t{m)=t,(m)+t. *Ceil( (tdm)-t.(m))/t.) - ClockDiff.

[0131]  Otherwisc (low_delay_hrd_flag is cqual to 1 and t,.( m ) < t,{ m )), the removal time
of decoding unit m is specifiedby t(m )=t (m )+ T, * Ceil( (t{m ) -t (m))/ T,
). The latter case (low_delay_hrd_flag is equal to 1 and t,,( m ) < t,{ m ))indicates that
the size of decoding unit m, b( m ), is so large that it prevents removal at the nominal
removal time.

[0132]  Otherwisc (low_delay_hrd_flag is equal to 1 and t.( m ) < t,d m )) and when a
picture timing flag is set to 1 and the CPB is operating at sub-picture level, the removal
time for the last decoding unit m of access unit, t,(m) according to: t(m )=t (m )+
min( (te_u * Ceil( (tdm) - to(m) )/t o)), (& * Ceil( (tn) -t (n))/ 1))
where t.,( m ) is the nominal removal time of the last decoding unit m, t. ., is sub-
picturc clock tick Ceil() is a ceiling function, t,{ m ) is a final arrival time of last
decoding unit m, t,,( n ) is the nominal removal time of the access unit n, t.isclock tick
andt,{ n ) is a final arrival time of access unit n.

[0133] Otherwise (low_delay_hrd_flag is equal to 1 and t.,( n ) < t,{ n )) and when a picturc
timing flag is set to 1 and the CPB is operating at access unit level, the removal time
for access unit n, t( n ) according to: t(n ) =t,.( n ) + min{ (t. . * Ceil( ( t,{m) - t.,(
m))/t ) (t*Ceil((t{n)-t.(n))/t.))) wheret, ( m)is the nominal removal
time of the last decoding unit n, t. . is sub-picture clock tick Ceil() is a ceiling
function, t,{ m ) is a final arrival time of last decoding unit m, t,,( n ) is the nominal
removal time of the access unit n, t. is clock tick and t,{ n ) is a final arrival time of
access unit n.

[0134]  Otherwise (low_delay_hrd_flag is equal to 1 and t,,( m ) < t,{ m )) and a picture
timing flag is set to 1 and the CPB is operating at sub-picture level, the removal time
for the last decoding unit m of access unit, t{(m) according to: t(m ) =t ( m ) + (t. *
Ceil( (tidn)-t.,(n))/t ) where t.,( m) is the nominal removal time of the last
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decoding unit m, t_,is sub-picture clock tick Ceil() is a ceiling function, t,{ m)is a
final arrival time of last decoding unit m, t,,( n) is the nominal removal time of the
access unit n, t.isclock tick andt,{ n ) is a final arrival time of access unit n.

[0135]  Otherwise (low_delay_hrd_flag is equal to 1 and t,,( n ) < t,{ n )) and a picture
timing flag is set to 1 and the CPB is operating at access unit level, the removal time
for access unit n, t,( n ) according to: t(n) =t,(n ) + (L. * Cell( (tdn) - (n)) /L
)) where t..( m ) is the nominal removal time of the last decoding unit n, t, y,is sub-
picture clock tick Ceil() is a ceiling function, t,{ m ) is a final arrival time of last
decoding unit m, t,,( n ) is the nominal removal time of the access unit n, t.isclock tick
and t,{ n) is a final arrival time of access unit n.

[0136] Otherwise (low_delay hrd flag is equal to 1 and t,( m ) < t,{ m )) and a picture
timing flag is setto 1 and the CPB is operating at sub-picture level, the removal time
for the decoding unit which is not the last decoding unit of the access unit is set as t( m
) = t,{ m ), where t,{ m ) is a final arrival time of decoding unit m. And the removal
time of the last decoding unit m of access unit, t.(m) is sct according to: t(m ) =t .(m
Y+ (te o ¥ Ceil( (tdm) -t (m))/t ) where t,,( m ) is the nominal removal time
of the last decoding unit m, L. 4 1s sub-picture clock tick Ceil() is a ceiling function, t.{
m ) is a final arrival time of last decoding unit m, t,,( n ) is the nominal removal time
of the access unit n, t.isclock tick and t,{ n ) is a final arrival time of access unit n and t
. m) is a final arrival time of the last decoding unit m in the access unit n.

[0137] Otherwise (low_delay_hrd_flag is equal to 1 and t.,( m ) < t,{ m )) and a picture
timing flag is set to 1 and the CPB is operating at sub-picture level, the removal time
for the decoding unit which is not the last decoding unit of the access unit is set as t( m
) = t,{ m ), where t,{( m ) is a final arrival time of decoding unit m. And the removal
time of the last decoding unit m of access unit, t{m) is set according to: t(m ) =t ,(m
)+t * Ceil( (tdm)-t(m))/t.)) where t ,( m ) is the nominal removal time of
the last decoding unit m, t. .., is sub-picture clock tick Ceil() is a ceiling function, t,{ m
) is a final arrival time of last decoding unit m, t,,( n ) is the nominal removal time of
the access unit n, t.is clock tick and t,{ n ) is a final arrival time of access unit n and t,{
m ) is a final arrival time of the last decoding unit m in the access unit n.

[0138]  Otherwise (low_delay_hrd_flag is equal to 1 and t, ( m ) < t,{ m )) and a picture
timing flag is set to 1 and the CPB is operating at sub-picture level, the removal time
for the decoding unit is set as t{ m ) = t,{ m ) where t,,( m ) is the nominal removal
time of the decoding unit m, . s is sub-picture clock tick Ceil() is a ceiling function, 1,
{m) is a final arrival time of decoding unit m, t, .( n ) is the nominal removal time of
the access unit n, t.is clock tickand t,{ n ) is a final arrival time of access unit n and t.{
m ) is a final arrival time of the decoding unit m in the access unit n.

[0139]  Otherwise (low_delay_hrd_flag is equal to 1 and t..( n ) < t,{ n )) and a picture
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[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

timing flag is set to 1 and the CPB is operating at access unit level, the removal time
for access unit n, t{ n ) according to: t( n ) = t.{ n ) where t,,( m ) is the nominal
removal time of the last decoding unit n, t. . is sub-picture clock tick Ceil() is a ceiling
function, t,{ m ) is a final arrival time of last decoding unit m, t, .( n ) is the nominal
removal time of the access unit n, t.is clock tick and t,{ n ) is a final arrival time of
access unit n.

When SubPicCpbFlag is equal to 1, the nominal CPB removal time of access unitn t
(1 ) is set to the nominal CPB removal time of the last decoding unit in access unit n,
the CPB removal time of access unit n t{ n ) is set to the CPB removal time of the last
decoding unit in access unit n.

When SubPicCpbFlag is equal to O, each decoding unit is an access unit, hence the
nominal CPB removal time and the CPB removal time of access unit n are the nominal
CPB removal time and the CPB removal time of decoding unit n. At CPB removal
time of decoding unit m, the decoding unit is instantancously decoded.

As illustrated by the foregoing, the systems and methods disclosed herein provide
syntax and semantics that modify a picture timing SEI message bitstreams carrying
sub-picture based parameters. In some configurations, the systems and methods
disclosed herein may be applied to HEVC specifications.

For convenience, several definitions are given as follows, which may be applied to
the systems and methods disclosed herein. A random access point may be any point in
a stream of data (e.g., bitstream) where decoding of the bitstream does not require
access to any point in a bitstream preceding the random access point to decode a
current picture and all pictures subsequent to said current picture in output order.

A buffering period may be specified as a set of access units between two instances of
the buffering period SEI message in decoding order. Supplemental Enhancement In-
formation (SEI) may contain information that is not necessary to decode the samples of
coded pictures from VCL NAL units. SEI messages may assist in procedures related to
decoding, display or other purposes. Conforming decoders may not be required to
process this information for output order conformance to HEVC specifications (Annex
C of HEVC specifications (JCTVC-11003) includes specifications for conformance, for
example). Some SEI message information may be used to check bitstream con-
formance and for output timing decoder conformance.

A buffering period SEI message may be an SEI message related to buffering period.
A picture timing SEI message may be an SEI message related to CPB removal timing.
These messages may define syntax and semantics which define bitstream arrival
timing and coded picture removal timing.

A Coded Picture Buffer (CPB) may be a first-in first-out buffer containing access

units in decoding order specificd in a hypothetical reference decoder (HRD). An access
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[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

unit may be a set of Network Access Layer (NAL) units that are consecutive in
decoding order and contain exactly one coded picture. In addition to the coded slice
NAL units of the coded picture, the access unit may also contain other NAL units not
containing slices of the coded picture. The decoding of an access unit always results in
a decoded picture. A NAL unit may be a syntax structure containing an indication of
the type of data to follow and bytes containing that data in the form of a raw byte
sequence payload interspersed as necessary with emulation prevention bytes.

As used herein, the term "common" generally refers to a syntax element or a variable
that is applicable to more than one thing. For example, in the context of syntax
elements in a picture timing SEI message, the term "common” may mean that the
syntax element (e.g., common_du_cpb_removal_delay} is applicable to all decoding
units in an access unit associated with the picture timing SEI message. Additionally,
units of data are described in terms of "n" and "m" generally refer to access units and
decoding units, respectively.

Various configurations are now described with reference to the Figures, where like
reference numbers may indicate functionally similar elements. The systems and
methods as generally described and illustrated in the Figures herein could be arranged
and designed in a wide variety of different configurations. Thus, the following more
detailed description of several configurations, as represented in the Figures, is not
intended to limit scope, as claimed, but is merely representative of the systems and
methods.

Figure 1A is a block diagram illustrating an example of one or more electronic
devices 102 in which systems and methods for sending a message and buffering a
bitstream may be implemented. In this example, electronic device A 102a and
electronic device B 102b are illustrated. However, it should be noted that one or more
of the features and functionality described in relation to electronic device A 102a and
electronic device B 102b may be combined into a single electronic device in some con-
figurations.

Electronic device A 102a includes an encoder 104. The encoder 104 includes a
message generation module 108. Each of the elements included within electronic
device A 102a (e.g., the encoder 104 and the message generation module 108) may be
implemented in hardware, software or a combination of both.

Electronic device A 102a may obtain one or more input pictures 106. In some config-
urations, the input picture(s) 106 may be captured on clectronic device A 102a using
an image sensor, may be retrieved from memory and/or may be received from another
electronic device.

The encoder 104 may encode the input picture(s) 106 to produce encoded data. For

example, the encoder 104 may encode a series of input pictures 106 (e.g., video). In
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one configuration, the encoder 104 may be a HEVC encoder. The encoded data may be
digital data (e.g., part of a bitstream 114). The encoder 104 may generate overhead
signaling based on the input signal.

[0153]  The message generation module 108 may generate one or more messages. For
example, the message generation module 108 may generate one or more SEI messages
or other messages. For a CPB that supports operation on a sub-picture level, the
electronic device 102 may send sub-picture parameters, (e.g., CPB removal delay
parameter). Specifically, the electronic device 102 (e.g., the encoder 104) may
determine whether to include a common decoding unit CPB removal delay parameter
in a picture timing SEI message. For example, the electronic device may set a flag
(e.g., common_du_cpb_removal_delay_flag) to one when the encoder 104 is including
a common decoding unit CPB removal delay parameter (e.g.,
common_du_cpb_removal_delay) in the picture timing SEI message. When the
common decoding unit CPB removal delay parameter is included, the electronic device
may generate the common decoding unit CPB removal delay parameter that is ap-
plicable to all decoding units in an access unit. In other words, rather than including a
decoding unit CPB removal delay parameter for each decoding unit in an access unit, a
common parameter may apply to all decoding units in the access unit with which the
picture timing SEI message is associated.

[0154]  In contrast, when the common decoding unit CPB removal delay parameter is not to
be included in the picture timing SEI message, the electronic device 102 may generate
a separate decoding unit CPB removal delay for each decoding unit in the access unit
with which the picture timing SEI message is associated. A message generation
module 108 may perform one or more of the procedures described in connection with
Figure 2 and Figure 3 below.

[0155]  In some configurations, electronic device A 102a may send the message (o electronic
device B 102b as part of the bitstream 114. In some configurations electronic device A
102a may send the message to electronic device B 102b by a separate transmission
110. For example, the separate transmission may not be part of the bitstream 114. For
instance, a picture timing SEI message or other message may be sent using some out-
of-band mechanism. It should be noted that, in some configurations, the other message
may include one or more of the features of a picture timing SEI message described
above. Furthermore, the other message, in one or more aspects, may be utilized
similarly to the SEI message described above.

[0156]  The encoder 104 (and message generation module 108, for example) may produce a
bitstream 114. The bitstream 114 may include encoded picture data based on the input
picture(s) 106. In some configurations, the bitstream 114 may also include overhead

data, such as a picture timing SEI message or other message, slice header(s), PPS(s),
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etc. As additional input pictures 106 are encoded, the bitstream 114 may include one or
more encoded pictures. For instance, the bitstream 114 may include one or more
encoded pictures with corresponding overhead data (e.g., a picture timing SEI message
or other message). ‘

[0157]  The bitstream 114 may be provided to a decoder 112. In one example, the bitstream
114 may be transmitted to electronic device B 102b using a wired or wireless link. In
some cases, this may be done over a network, such as the Internet or a Local Area
Network (LAN). As illustrated in Figure 1A, the decoder 112 may be implemented on
electronic device B 102b separately from the encoder 104 on electronic device A 102a.
However, it should be noted that the encoder 104 and decoder 112 may be im-
plemented on the same electronic device in some configurations. In an implementation
where the encoder 104 and decoder 112 are implemented on the same electronic
device, for instance, the bitstream 114 may be provided over a bus to the decoder 112
or stored in memory for retricval by the decoder 112.

[0158]  The decoder 112 may be implemented in hardware, software or a combination of
both. In one configuration, the decoder 112 may be a HEVC decoder. The decoder 112
may receive (e.g., obtain) the bitstream 114. The decoder 112 may generate one or
more decoded pictures 118 based on the bitstream 114. The decoded picture(s) 118
may be displayed, played back, stored in memory and/or transmitted to another device,
etc.

[0159]  The decoder 112 may include a CPB 120. The CPB 120 may temporarily store
encoded pictures. The CPB 120 may use parameters found in a picture timing SEI
message to determine when to remove data. When the CPB 120 supports operation on
a sub-picture level, individual decoding units may be removed rather than entire access
units at one time. The decoder 112 may include a Decoded Picture Buffer (DPB) 122.
Each decoded picture is placed in the DPB 122 for being referenced by the decoding
process as well as for output and cropping. A decoded picture is removed from the
DPB at the later of the DPB output time or the time that it becomes no longer needed
for inter-prediction reference.

[0160]  The decoder 112 may receive a message (e.g., picture timing SEI message or other
message). The decoder 112 may also determine whether the received message includes
a common decoding unit CPB removal delay parameter (e.g.,
common_du_cpb_removal_delay). This may include identifying a flag (e.g.,
common_du_cpb_removal_delay_flag) that is set when the common parameter is
present in the picture timing SEI message. If the common parameter is present, the
decoder 112 may determine the common decoding unit CPB removal delay parameter
applicable to all decoding units in the access unit. If the common parameter is not

present, the decoder 112 may determine a separate decoding unit CPB removal delay
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parameter for each decoding unit in the access unit. The decoder 112 may also remove
decoding units from the CPB 120 using either the common decoding unit CPB removal
delay parameter or the separate decoding unit CPB removal delay parameters. The
CPB 120 may perform one or more of the procedures described in connection with
Figure 4 and Figure 5 below.

[0161]  The HRD described above may be one example of the decoder 112 illustrated in
Figure 1A. Thus, an electronic device 102 may operate in accordance with the HRD
and CPB 120 and DPB 122 described above, in some configurations.

[0162] It should be noted that one or more of the elements or parts thereof included in the
electronic device(s) 102 may be implemented in hardware. For example, one or more
of these elements or parts thereof may be implemented as a chip, circuitry or hardware
components, etc. It should also be noted that one or more of the functions or methods
described herein may be implemented in and/or performed using hardware. For
example, one or more of the methods described herein may be implemented in and/or
realized using a chipset, an Application-Specific Integrated Circuit (ASIC), a Large-
Scale Integrated circuit (LSI) or integrated circuit, etc.

[0163]  Figure 1B is a block diagram illustrating another example of an encoder 1908 and a
decoder 1972. In this example, electronic device A 1902 and electronic device B 1970
are illustrated. However, it should be noted that the features and functionality
described in relation to electronic device A 1902 and electronic device B 1970 may be
combined into a single electronic device in some configurations.

[0164]  Electronic device A 1902 includes the encoder 1908. The encoder 1908 may include
a base layer encoder 1910 and an enhancement layer encoder 1920. The video encoder
1908 is suitable for scalable video coding and multi-view video coding, as described
later. The encoder 1908 may be implemented in hardware, software or a combination
of both. In one configuration, the encoder 1908 may be a high-efficiency video coding
(HEVCQ) coder, including scalable and/or multi-view. Other coders may likewise be
used. Electronic device A 1902 may obtain a source 1906. In some configurations, the
source 1906 may be captured on electronic device A 1902 using an image sensor,
retrieved from memory or received from another electronic device.

[0165]  The encoder 1908 may code the source 1906 to produce a base layer bitstream 1934
and an enhancement layer bitstream 1936. For example, the encoder 1908 may code a
series of pictures (e.g., video) in the source 1906. In particular, for scalable video
encoding for SNR scalability also known as quality scalability the same source 1906
may be provided to the base layer and the enhancement layer encoder. In particular, for
scalable video encoding for spatial scalability a downsampled source may be used for
the base layer encoder. In particular, for multi-view encoding a different view source

may be used for the base layer encoder and the enhancement layer encoder. The
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encoder 1908 may be similar to the encoder 1782 described later in connection with
Figure 6B.

[0166]  The bitstreams 1934, 1936 may include coded picture data based on the source 1906.
In some configurations, the bitstreams 1934, 1936 may also include overhead data,
such as slice header information, PPS information, etc. As additional pictures in the
source 1906 are coded, the bitstreams 1934, 1936 may include onc or more coded
pictures.

[0167]  The bitstreams 1934, 1936 may be provided to the decoder 1972. The decoder 1972
may include a base layer decoder 1980 and an enhancement layer decoder 1990. The
video decoder 1972 is suitable for scalable video decoding and multi-view video
decoding. In one example, the bitstreams 1934, 1936 may be transmitted to electronic
device B 1970 using a wired or wireless link. In some cases, this may be done over a
network, such as the Internet or a Local Area Network (LAN). As illustrated in Figure
1B, the decoder 1972 may be implemented on electronic device B 1970 separately
from the encoder 1908 on electronic device A 1902. However, it should be noted that
the encoder 1908 and decoder 1972 may be implemented on the same electronic device
in some configurations. In an implementation where the encoder 1908 and decoder
1972 are implemented on the same electronic device, for instance, the bitstreams 1934,
1936 may be provided over a bus to the decoder 1972 or stored in memory for retrieval
by the decoder 1972. The decoder 1972 may provide a decoded base layer 1992 and
decoded enhancement layer picture(s) 1994 as output.

[0168]  The decoder 1972 may be implemented in hardware, software or a combination of
both. In one configuration, the decoder 1972 may be a high-efficiency video coding
(HEVC) decoder, including scalable and/or multi-view. Other decoders may likewise
be used. The decoder 1972 may be similar to the decoder 1812 described later in
connection with Figure 7B. Also, the base layer encoder and/or the cnhancement layer
encoder may each include a message generation module, such as that described in
relation toFigure 1A. Also, the base layer decoder and/or the enhancement layer
decoder may include a coded picture buffer and/or a decoded picture buffer, such as
that described in relation to Figure 1A. In addition, the electronic devices of Figure 1B
may operate in accordance with the functions of the electronic devices of Figure 1A, as
applicable.

[0169]  Figure 2 is a flow diagram illustrating one configuration of a method 200 for sending
a message. The method 200 may be performed by an encoder 104 or one of its sub-
parts (e.g., a message generation module 108). The encoder 104 may determine 202 a
picture timing flag (e.g., sub_pic_cpb_params_present_flag) that indicates whether a
CPB 120 supports operation on a sub-picture level. For example, when the picture

timing flag is set to 1, the CPB 120 may operate on an access unit level ora sub-
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picture level. It should be noted that even when the picture timing flag is set to 1, the
decision about whether to actually operate at the sub-picture level is left to the decoder
112 itself.

[0170]  The encoder 104 may also determine 204 one or more removal delays for decoding
units in an access unit. For example, the encoder 104 may determine a single common
decoding unit CPB removal delay parameter (e.g.., common_du_cpb_removal_delay)
that is applicable to all decoding units in the access unit from the CPB 120. Alter-
natively, the encoder 104 may determine a separate decoding unit CPB removal delay
(e.g., du_cpb_removal_delay[i]) for each decoding unit in the access unit.

[0171]  The encoder 104 may also determine 206 one or more NAL parameters that indicate
an amount, offset by one, of NAL units in each decoding unit in the access point. For
example, the encoder 104 may determine a single common NAL parameter {e.g.,
common_num_nalus_in_du_minus1) that is applicable to all decoding units in the
access unit from the CPB 120. Alternatively, the encoder 104 may determine a
separate decoding unit CPB removal delay (e.g., num_nalus_in_du_minus![i]) for each
decoding unit in the access unit.

[0172]  The encoder 104 may also send 208 a picture timing SEI message that includes the
picture timing flag, the removal delays and the NAL parameters. The picture timing
SEI message may also include other parameters (e.g., cpb_removal_delay,
dpb_output_delay, etc). For example, the electronic device 102 may transmit the
message via one or more of wireless transmission, wired transmission, device bus,
network, etc. For instance, electronic device A 102a may transmit the message to
electronic device B 102b. The message may be part of the bitstream 114, for example.
In some configurations, electronic device A 102a may send 208 the message to
electronic device B 102b in a separate transmission 110 (that is not part of the
bitstream 114).

[0173]  For instance, the message may be sent using some out-of-band mechanism. In some
case the information indicated in 204, 206 may be sent in a SEI message different than
picture timing SEI message. In yet another case the information indicated in 204, 206
may be sent in a parameter set €.g. video parameter set and/or sequence parameter set
and/or picture parameter set and/or adaptation parameter set and/or slice header.

[0174]  Figure 3 is a flow diagram illustrating one configuration of a method 300 for de-
termining one or more removal delays for decoding units in an access unit. In other
words, the method 300 illustrated in Figure 3 may further illustrate step 204 in the
method 200 illustrated in Figure 2. The method 300 may be performed by an encoder
104. The encoder 104 may determine 302 whether to include a common decoding unit
CPB removal delay parameter (e.g., common_du_cpb_removal_delay).

[0175]  This may include determining whether a common decoding unit CPB removal delay
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flag (e.g., common_du_cpb_removal_delay_flag) is set. An encoder 104 may send this
common parameter in case the decoding units are removed from the CPB at regular
interval. This may be the case, for example, when each decoding unit corresponds to
certain number of rows of the picture or has some other regular structure.

[0176]  For example, the common decoding unit CPB removal delay flag may be set to 1
when the common decoding unit CPB removal delay parameter is to be included in the
picture timing SEI message and 0 when it is not to be included. If yes (e.g., flag is set
to 1), the encoder 104 may determine 304 a common decoding unit CPB removal delay
parameter (e.g., common_du_cpb_removal_delay) that is applicable to all decoding
units in an access unit. If no (e.g., flag is set to Q), the encoder 104 may determine 306
separate decoding unit CPB removal delay parameters (e.g., du_cpb_removal_delayf{i])
for each decoding unit in an access unit.

[0177]  If a common decoding unit CPB removal delay parameler is present in a picture
timing SEI message, it may specify an amount of sub-picture clock ticks to wait after
removal from the CPB 120 of an immediately preceding decoding unit before
removing from the CPB 120 a current decoding unit in the access unit associated with
the picture timing SEI message.

[0178]  For example, when a decoding unit is a first decoding unit in an access unit, the
common decoding unit CPB 120 removal delay parameter may specify an amount of
sub-picture clock ticks to wait after removal from the CPB 120 of a last decoding unit
in an access unit associated with a most recent buffering period SEI message in a
preceding access unit before removing from the CPB 120 the first decoding unit in the
access unit associated with the picture timing SEI message.

[0179] When the decoding unit is a non-first decoding unit in an access unit, the common
decoding unit CPB removal delay parameter may specify an amount of sub-picture
clock ticks to wait after removal from the CPB 120 of a preceding decoding unit in the
access unit associated with the picture timing SEI message before removing from the
CPB a current decoding unit in the access unit associated with the picture timing SEI
message.

[0180] In contrast, when a common decoding unit CPB removal delay parameter (e.g.,
common_du_cpb_removal_delay) is not sent in a picture timing SEI message, separate
decoding unit CPB removal delay parameters (e.g., du_cpb_removal_delay[i]) may be
included in the picture timing SEI message for each decoding unit in an access unit.
The decoding unit CPB removal delay parameters (e.g., du_cpb_removal_delay[i])
may specify an amount of sub-picture clock ticks to wait after removal from the CPB
120 of the last decoding unit before removing from the CPB 120 an i-th decoding unit
in the access unit associated with the picture timing SEI message. The decoding unit

CPB removal delay parameters may be calculated according to a remainder of a

CA 3034598 2019-02-22



37
WO 2014/167817 PCT/IP2014/001967

modulo 2(pb_removal_delay lengthminust + 1) counter where cpb_removal_delay_length_minusl +
1 is a length of a common dccbding unit CPB removal delay parameter.

[0181]  Figure 4 is a flow diagram illustrating one configuration of a method 400 for
buffering a bitstream. The method 400 may be performed by a decoder 112 in an
electronic device 102 (e.g., electronic device B 102b), which may receive 402 a
message (e.g., a picture timing SEI message or other message). For example, the
electronic device 102 may receive 402 the message via one or more of wireless
transmission, wired transmission, device bus, network, etc. For instance, electronic
device B 102b may receive 402 the message from electronic device A 102a. The
message may be part of the bitstream 114, for example. In another example, electronic
device B 102b may receive the message from electronic device A 102a in a separate
transmission 110 (that is not part of the bitstream 114, for example). For instance, the
picture timing SEI message may be received using some out-of-band mechanism. In
some configurations, the message may include one or more of a picture timing flag,
one or more removal delays for decoding units in an access unit and onc or morc NAL
parameters. Thus, receiving 402 the message may include receiving one or more of a
picture timing flag, one or more removal delays for decoding units in an access unit
and one or more NAL parameters.

[0182]  The decoder 112 may determine 404 whether a CPB 120 operates on an access unit
level or a sub-picture level. For example, a decoder 112 may decide to operate on sub-
picture basis if it wants to achieve low latency. Alternatively, the decision may be
based on whether the decoder 112 has enough resources to support sub-picture based
operation. If the CPB 120 operates on a sub-picture level, the decoder may determine
406 one or more removal delays for decoding units in an access unit. For example, the
decoder 112 may determine a single common decoding unit CPB removal delay
parameter (e.g., common_du_cpb_removal_delay) that is applicable to all decoding
units in the access unit. Alternatively, the decoder 112 may determine a separate
decoding unit CPB removal delay (e.g., du_cpb_removal_delay[i]) for each decoding
unit in the access unit. In other words, the picture timing SEI message may include a
common parameter applicable to all decoding units in an access unit or separate pa-
rameters for every decoding unit.

[0183]  The decoder 112 may also remove 408 decoding units based on the removal delays
for the decoding units, i.e., using either a common parameter applicable to all decoding
units in an access unit or separate parameters for every decoding unit. The decoder 112
may also decode 410 the decoding units.

[0184]  The decoder 112 may use a variable ClockDiff when determining a removal time for
determined from various signaled parameters. Specifically, ClockDiff may be de-

termined according to ClockDiff =
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(num_units_in_tick-(num_units_in_sub_tick*(num_decoding_units_minus1+1)) /
time_scale) where num_units_in_tick is number of time units of a clock operating at
the frequency time_scale Hz that corresponds to one increment of a clock tick counter,
num_units_in_sub_tick is number of time units of a clock operating at the frequency
time_scale Hz that corresponds to one increment of a sub-picture clock tick counter,
num_decoding units_minus1+1 is an amount of decoding units in the access unit, and
time_scale is the number of time units that pass in one second.

[0185]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag) is setto 1, t, ,( m ) < t,{ m ), a picture timing flag is set to 1, the
CPB is operating at sub-picture level and ClockDiff is greater than zero, the removal
time for decoding unit m, t( m ) is determined according to: t( m ) = t;,( M ) + tc g ¥
Ceil( (tdm) -t (m))/t )+ ClockDiff where t.,( m ) is the nominal removal
time of the decoding unit m, t. ., is a sub-picture clock tick Ceil() is a ceiling function
andt,{ m ) is final arrival time of decoding unit m.

[0186]  When a low delay hypothetical reference decoder (HRD) {lag (e.g.,
low_delay_hrd flag) is setto 1, t;.( n ) < t( n ), a picture timing flag is sct to 1, the
CPB is operating at an access unit level and ClockDiff is greater than zero, the removal
time for access unit n, t,(n ) is determined according to: t{n ) =t ,(n ) + t, * Ceil( ( t,(
n)-t,(n))/t.)- ClockDiff where t, . n ) is the nominal removal time of the access
unit n, t.is aclock tick Ceil() is a ceiling function and t,{ n ) is a final arrival time of
access unit n.

[0187]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag)issetto 1, ¢ ,(m ) <t m), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for the last decoding unit m
of access unit, t(m) according to: t(m ) =t ,(m ) + max( (t_u, * Ceil( (t,( m)-t,,(m
) bt an ), (. *F Cell( (tdn) -t (n))/t.))) where t.( m ) is the nominal removal
time of the last decoding unit m, t. .. 1s sub-picture clock tick Ceil() is a ceiling
function, t,{m) is a final arrival time of last decoding unit m, t.,( n ) is the nominal
removal time of the access unit n, t. is clock tick andt,{ n ) is a final arrival time of
access unit n.

[0188]  When a low delay hypothetical reference decoder (HRD) flag is setto 1, t.,(n ) < t,{
n ), a picture timing flag is set to 1 and the CPB is operating at access unit lcvel, the
removal time for access unit n, t( n ) according to: t(n ) = t,( n ) + max( (t._y, * Ceil(
(tdm) - ta(m) )/ tesw ), (& * Ceil((tl(n) - ta(n ) )/t ))) where t,,(m ) is the
nominal removal time of the last decoding unit n, t. s is sub-picture clock tick Ceil() is
a ceiling function, t,{ m ) is a final arrival time of last decoding unit m, t..( n ) is the
nominal removal time of the access unit n, tisclock tick and t{ n ) is a final arrival

time of access unit 1.
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[0189]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag) is setto 1, t,.( m ) < t,{ m), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for the last decoding unit m
of access unit, t(m) according to: t(m )=t ,(m ) + min( (t, g * Ceil( (t,{m ) -t (m
) ) tean ), (e * Ceil{ (tdn)-t,(n))/t. ) where t ,( m) is the nominal removal time
of the last decoding unit m, t. 1S sub-picturc clock tick Ceil() is a ceiling function, t,{
m ) is a final arrival time of last decoding unit m, t,,( n ) is the nominal removal time
of the access unit n, t.is clock tick and t,{ n ) is a final arrival time of access unit n.

[0190]  When a low delay hypothetical reference decoder (HRD) flag is setto 1, t;,(n ) < t,{
n ), a picture timing flag is set to 1 and the CPB is operating at access unit level, the
removal time for access unit n, t( n ) according to: t.(n ) =t ,( n ) + min( (t._ g * Ceil( (
il M) - (M) / o D, (e * Ceil( (e 1) - t,(0) ) / £ ))) where t,,(m ) is the
nominal removal time of the last decoding unit n, t. ., is sub-picture clock tick Ceil() is
a ceiling function, t,{ m ) is a final arrival time of last decoding unit m, t,,( n ) is the
nominal removal time of the access unit n, t.isclock tick and t,{( n ) is a final arrival
time of access unit n.

[0191]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_f{lag)is setto 1, t,( m ) < t,{ m ), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for the last decoding unit m
of access unit, t(m) according to: t(m )=t (m )+ (t. * Ceil( (t.{n) -t (n))/t))
where t.,( m ) is the nominal removal time of the last decoding unit m, t. . is sub-
picture clock tick Ceil() is a ceiling function, t,{ m ) is a final arrival time of last
decoding unit m, t.( n ) is the nominal removal time of the access unit n, t.is clock tick
andt,{ n ) is a final arrival time of access unit n.

[0192] When a low delay hypothetical reference decoder (HRD) flag is set to 1, t.,(n ) <t
n ), a picture timing flag is set to 1 and the CPB is operating at access unit level, the
removal time for access unit n, t( n ) according to: t(n )=t (n ) + (t. * Ceil( {(t,{n) -
t(n))/t.)) where t,,( m) is the nominal removal time of the last decoding unit n, t
«_sub 18 sub-picture clock tick Ceil() is a ceiling function, t,{ m ) is a final arrival time of
last decoding unit m, t.( n ) is the nominal removal time of the access unit n, t. is clock
tick and t,{ n ) is a final arrival time of access unit n.

[0193]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag) is setto 1, t,( m ) <t m ), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for the decoding unit which
is not the last decoding unit of the access unit is set as t( m ) = t,{ m ), where t,{ m ) is
a final arrival time of decoding unit m. And the removal time for the last decoding unit
m of access unit, t{m) according to: t:{ m ) = t,o(m ) + (tc_o * Ceil((t,{m) -t ,(m))

! t_u» )) where t.,( m ) is the nominal removal time of the last decoding unit m, t__, is

CA 3034598 2019-02-22



40
WO 2014/167817 PCT/IP2014/001967

sub-picture clock tick Ceil() is a ceiling function, t,{ m ) is a final arrival time of last
decoding unit m, t, ,( n ) is the nominal removal time of the access unit n, t.isclock tick
t{ n) is a final arrival time of access unit n and t,{ m ) is a final arrival time of the
last decoding unit in the access unit n.

[0194]  When a low delay hypothetical reference decoder (HRD) flag {(e.g.,
low_delay_hrd_flag) is set to 1, t,,( m ) < t,{ m), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for the decoding unit which
is not the last decoding unit of the access unit is set as t( m ) = t,{ m ), where t,{ m ) is
a final arrival time of decoding unit m. And the removal time for the last decoding unit
m of access unit, t{m) according to: t{m )=t (m)+ (t. * Ceil( (t{m) -t ,(m))/t.
)) where t,( m ) is the nominal removal time of the last decoding unit m, t. .,1s sub-
picture clock tick Ceil() is a ceiling function, ({ m ) is a final arrival time of last
decoding unit m, t.( n ) is the nominal removal time of the access unit n, t.isclock tick
t.{ n)is a final arrival time of access unit n and t,{ m ) is a final arrival time of the
last decoding unit in the access unit n.

[0195]  When a low delay hypothetical reference decoder (HRD) flag (e.g.,
low_delay_hrd_flag)is setto 1, ,.( m ) < t,{ m ), a picture timing flag is set to 1 and
the CPB is operating at sub-picture level, the removal time for the decoding unit is set
ast(m) = t,{ m) where t,( m) is the nominal removal time of the decoding unit m, t
b 18 sub-picture clock tick Ceil() is a ceiling function, t.{ m ) is a final arrival time of
decoding unit m, t,,( n ) is the nominal removal time of the access unit n, t.isclock tick
t( n)is a final arrival time of access unit n and t,{ m ) is a final arrival time of the
decoding unit in the access unit n.

[0196]  When a low delay hypothetical reference decoder (HRD) flag is setto 1, t;(n) <t
n ), a picture timing flag is set to 1 and the CPB is operating at access unit level, the
removal time for access unit n, t( n ) according to: t(n ) =t n) where t_,{ m ) is the
nominal removal time of the last decoding unit n, t_ ., is sub-picture clock tick Ceil() is
a ceiling function, t,{ m ) is a final arrival time of last decoding unit m, t;,( n ) is the
nominal removal time of the access unit n, t.is clock tick and t,{( n ) is a final arrival
time of access unit n.

[0197]  If the CPB operates on an access unit level, the decoder 112 may determine 412 a
CPB removal delay parameter. This may be included in the received picture timing SEI
message (e.g., cpb_removal delay). The decoder 112 may also remove 414 an access
unit based on the CPB removal delay parameter and decode 416 the access unit. In
other words, the decoder 112 may decode whole access units at a time, rather than
decoding units within the access unit.

[0198]  Figure 5 is a flow diagram illustrating one configuration of a method 500 for de-

termining one or more removal delays for decoding units in an access unit. In other
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[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

words, the method 500 illustrated in Figure 5 may further illustrate step 406 in the
method 400 illustrated in Figure 4. The method 500 may be performed by a decoder
112. The decoder 112 may determine 502 whether a received picture timing SEI
message includes a common decoding unit CPB removal delay parameter. This may
include determining whether a common decoding unit CPB removal delay flag (e.g.,
common_du_cpb_removal_delay_flag) is set. If yes, the decoder 112 may determine
504 a common decoding unit CPB removal delay parameter (e.g.,
common_du_cpb_removal_delay) that is applicable to all decoding units in an access
unit. If no, the decoder 112 may determine 506 separate decoding unit CPB removal
delay parameters (e.g., du_cpb_removal_delay[i]) for each decoding unit in an access
unit.

In addition to modifying the picture timing SEI message semantics, the present
systems and methods may also impose a bitstream constraint so that the operation of
sub-picture based CPB operation and access unit based CPB operation result in the
same timing of decoding unit removal. Specifically, when the picture timing flag (e.g.,
sub_pic_cpb_params_present_flag) is set to 1, the CPB removal delay may be set
according to
[Math.6]

num_decoding_units_minusl
( Z du_cpb_removal delay[i])*7, ¢,

cpb_removal delay = i=0

Ie

where du_cpb_removal_delay[i] are the decoding unit CPB removal delay pa-
rameters, t. is a clock tick, t. . is a sub-picture clock tick,
num_decoding_units_minus] is an amount of decoding units in the access unit offset
by one, and i is an index.

Alternatively, the CPB removal delay may be set as described next: Let the variable
Ta(k) be defined as:
[Math.7]

num_decoding_units_mimus!

Tau(k) = Tau(k-1)+ te_gu * >"(du_cpb_removal delay minusl,[i]+1)

where du_cpb_removal_delay_minusl,[i] and num_decoding_units_minusl, are pa-
rameters for I'th decoding unit of k'th access unit (with k=0 for the access unit that ini-
tialized the HRD and T,,(k)=0 for k<1), and where du_cpb_removal_delay_ minusl,
[i]+1=du_cpb_removal_delay_minus1,[i] is the decoding unit CPB removal delay
parameter for the I'th decoding unit of the k'th access unit, and
num_decoding_units_minus1, is the number of decoding units in the k'th access unit, t.

is a clock tick, t .y, 15 @ sub-picture clock tick, and i and k are an indices. Then when
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[0205]

[0206]
[0207]

[0208]

[0209]

[0210]

[0211]

the picture timing flag (e.g., sub_pic_cpb_params_present_{flag) is set to 1, the
following condition shall be true:

{ au_cpb_removal_delay_minusl + 1) * t, =Ty,(k), where
{au_cpb_removal delay minusl + 1)=cpb_removal_delay, the CPB removal delay.
Thus in this case the CPB removal delay (au_cpb_removal_delay_minusl + 1) is set
such that the operation of sub-picture based CPB operation and access unit based CPB
operation result in the same timing of access unit removal and last decoding unit of the
access unit removal.

Alternatively, the CPB removal delay may be set according to
[Math.8]

numn_decoding units_minus] .

-1<[cpb_removal_delay*r, —( Zdu_cpb_removal_delay[i]) *1a <1

i=0

where du_cpb_removal_delay[i] are the decoding unit CPB removal delay pa-
rameters, t. is a clock tick, .. 15 a sub-picture clock tick,
num_decoding_units_minus] is an amount of decoding units in the access unit offset
by one, and i is an index.

Alternatively, cpb_removal_delay and
du_cpb_removal_delay[num_decoding_units_minus1] may be set according to:
cpb_removal_delay*t. = du_cpb_removal_delay[num_decoding_units_minus1]* t. s
where du_cpb_removal_delay[num_decoding_units_minus1] is the decoding unit CPB
removal delay parameter for the num_decoding_units_minus1'th decoding unit, t. is a
clock tick, t. . is a sub-picture clock tick, num_decoding_units_minus] is an amount
of decoding units in the access unit offset by one.

In addition to modifying the picturc timing SEI message semantics, the present
systems and methods may also impose a bitstream constraint so that the operation of
sub-picture based CPB operation and access unit based CPB operation result in the
same timing of decoding unit removal. Specifically, when the picture timing flag (e.g.,
sub_pic_cpb_params_present_flag) is set to 1, the values for cpb_removal_delay and
du_cpb_removal_delay[num_decoding_units_minusl] may be set so as to satisfy: -
I<=(cpb_removal delay*t. - du_cpb_removal delay[num_decoding umnits_minus1J* t
esub) <=1 where du_cpb_removal_delay[num_decoding_units_minus!] is the decoding
unit CPB removal delay parameter for the num_decoding_units_minus!'th decoding
unit, t. is a clock tick, t. 4, is a sub-picture clock tick, num_decoding_units_minus] is
an amount of decoding units in the access unit offset by one.

Figure 6A is a block diagram illustrating one configuration of an encoder 604 on an
electronic device 602. It should be noted that one or more of the elements illustrated as

included within the electronic device 602 may be implemented in hardware, software
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or a combination of both. For example, the electronic device 602 includes an encoder
604, which may be implemented in hardware, software or a combination of both. For
instance, the encoder 604 may be implemented as a circuit, integrated circuit, ap-
plication-specific integrated circuit (ASIC), processor in electronic communication
with memory with executable instructions, firmware, field-programmable gate array
(FPGA), etc., or a combination thereof. In some configurations, the encoder 604 may
be a HEVC coder.

[0212]  The electronic device 602 may include a source 622. The source 622 may provide
picture or image data (e.g., video) as one or more input pictures 606 to the encoder
604. Examples of the source 622 may include image sensors, memory, communication
interfaces, network interfaces, wireless receivers, ports, etc.

[0213]  One or more input pictures 606 may be provided to an intra-frame prediction module
and reconstruction buffer 624. An input picture 606 may also be provided to a motion
estimation and motion compensation module 646 and to a subtraction module 628.

[0214]  The intra-frame prediction module and reconstruction buffer 624 may generate intra
modc information 640 and an intra-signal 626 based on one or more input pictures 606
and reconstructed data 660. The motion estimation and motion compensation module
646 may generate inter mode information 648 and an inter signal 644 based on one or
more input pictures 606 and a reference picture 678 from decoded picture buffer 676.
In some configurations, the decoded picture buffer 676 may include data from one or
more reference pictures in the decoded picture buffer 676.

[0215]  The encoder 604 may select between the intra signal 626 and the inter signal 644 in
accordance with a mode. The intra signal 626 may be used in order to exploit spatial
characteristics within a picture in an intra-coding mode. The inter signal 644 may be
used in order to exploit temporal characteristics between pictures in an inter coding
mode. While in the intra coding mode, the intra signal 626 may be provided to the sub-
traction module 628 and the intra mode information 640 may be provided to an entropy
coding module 642. While in the inter coding mode, the inter signal 644 may be
provided to the subtraction module 628 and the inter mode information 648 may be
provided to the entropy coding module 642.

[0216]  Either the intra signal 626 or the inter signal 644 (depending on the mode) is
subtracted from an input picture 606 at the subtraction module 628 in order to produce
a prediction residual 630. The prediction residual 630 is provided to a transformation
module 632. The transformation module 632 may compress the prediction residual 630
to produce a transformed signal 634 that is provided to a quantization module 636. The
quantization module 636 quantizes the transformed signal 634 to produce transformed
and quantized coetficients (TQCs) 638.

[0217]  The TQCs 638 are provided to an entropy coding module 642 and an inverse quan-
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tization module 650. The inverse quantization module 650 performs inverse quan-
tization on the TQCs 638 to produce an inverse quantized signal 652 that is provided to
an inverse transformation module 654. The inverse transformation module 654 de-
compresses the inverse quantized signal 652 to produce a decompressed signal 656 that
is provided to a reconstruction module 658.

[0218]  The reconstruction module 658 may produce reconstructed data 660 based on the de-
compressed signal 656. For example, the reconstruction module 658 may reconstruct
(modified) pictures. The reconstructed data 660 may be provided to a deblocking filter
662 and to the intra prediction module and reconstruction buffer 624. The deblocking
filter 662 may produce a filtered signal 664 based on the reconstructed data 660.

[0219]  The filtered signal 664 may be provided to a sample adaptive offset (SAO) module
666. The SAO module 666 may produce SAQ information 668 that is provided to the
entropy coding module 642 and an SAO signal 670 that is provided to an adaptive loop
filter (ALF) 672. The ALF 672 produces an ALF signal 674 that is provided to the
decoded picture buffer 676. The ALF signal 674 may include data from one or more
pictures that may be used as reference pictures.

[0220]  The entropy coding module 642 may code the TQCs 638 to produce bitstream A
614a (e.g., encoded picture data). For example, the entropy coding module 642 may
code the TQCs 638 using Context-Adaptive Variable Length Coding (CAVLC) or
Context-Adaptive Binary Arithmetic Coding (CABAC). In particular, the entropy
coding module 642 may code the TQCs 638 based on one or more of intra mode in-
formation 640, inter mode information 648 and SAQO information 668. Bitstream A
614a (e.g., encoded picture data) may be provided to a message generation module
608. The message generation module 608 may be configured similarly to the message
generation module 108 described in connection with Figure 1. Additionally or alter-
natively, the message generation module 608 may perform one or more of the
procedures described in connection with Figure 2 and Figure 3.

[0221]  For example, the message generation module 608 may generate a message (e.g.,
picture timing SEI message or other message) including sub-picture parameters. The
sub-picture parameters may include one or more removal delays for decoding units
(e.g., common_du_cpb_removal_delay or du_cpb_removal_delay[i]) and one or more
NAL parameters (e.g., common_num_nalus_in_du_minus! or
num_nalus_in_du_minus1[i]). In some configurations, the message may be inserted
into bitstrcam A 614a to produce bitstream B 614b. Thus, the message may be
generated after the entire bitstream A 614a is generated (e.g., after most of bitstream B
614b is generated), for example. In other configurations, the message may not be
inserted into bitstream A 614a (in which case bitstream B 614b may be the same as

bitstream A 614a), but may be provided in a separate transmission 610.
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[0222]  In some configurations, the electronic device 602 sends the bitstream 614 to another
electronic device. For example, the bitstream 614 may be provided to a communication
interface, network interface, wireless transmitter, port, etc. For instance, the bitstream
614 may be transmitted to another electronic device via LAN, the Internet, a cellular
phone base station, etc. The bitstream 614 may additionally or alternatively be stored
in memory or other component on the electronic device 602.

[0223]  Figure 6B is a block diagram illustrating one configuration of a video encoder 1782
on an electronic device 1702. The video encoder 1782 may include an enhancement
layer encoder 1706, a base layer encoder 1709, a resolution upscaling block 1770 and
an output interface 1780. The video encoder of Figure 6B, for example, is suitable for
scalable video coding and multi-view video coding, as described herein.

[0224]  The enhancement layer encoder 1706 may include a video input 1781 that receives
an input picture 1704. The output of the video input 1781 may be provided to an adder/
subtractor 1783 that receives an output of a prediction selection 1750. The output of
the adder/subtractor 1783 may be provided to a transform and quantize block 1752.
The output of the transform and quantize block 1752 may be provided to an entropy
encoding 1748 block and a scaling and inverse transform block 1772. After entropy
encoding 1748 is performed, the output of the entropy encoding block 1748 may be
provided to the output interface 1780. The output interface 1780 may output both the
encoded base layer video bitstream 1707 and the encoded enhancement layer video
bitstream 1710.

[0225]  The output of the scaling and inverse transform block 1772 may be provided to an
adder 1779. The adder 1779 may also receive the output of the prediction selection
1750. The output of the adder 1779 may be provided to a deblocking block 1751. The
output of the deblocking block 1751 may be provided to a reference buffer 1794. An
output of the reference buffer 1794 may be provided to a motion compensation block
1754. The output of the motion compensation block 1754 may be provided to the
prediction selection 1750. An output of the reference buffer 1794 may also be provided
to an intra predictor 1756. The output of the intra predictor 1756 may be provided to
the prediction selection 1750. The prediction selection 1750 may also receive an output
of the resolution upscaling block 1770.

[0226]  The base layer encoder 1709 may include a video input 1762 that receives a
downsampled input picture, or other image content suitable for combing with another
image, or an alternative view input picture or the same input picture 1703 (i.e., the
same as the input picture 1704 received by the enhancement layer encoder 1706). The
output of the video input 1762 may be provided to an encoding prediction loop 1764.
Entropy encoding 1766 may be provided on the output of the encoding prediction loop
1764. The output of the encoding prediction loop 1764 may aiso be provided to a
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reference buffer 1768. The reference buffer 1768 may provide feedback to the
encoding prediction loop 1764. The output of the reference buffer 1768 may also be
provided to the resolution upscaling block 1770. Once entropy encoding 1766 has been
performed, the output may be provided to the output interface 1780. The encoded base
layer video bitstream 1707 and/or the encoded enhancement layer video bitstream
1710 may be provided to one or more message generation modules, as desired.

[0227]  Figure 7A is a block diagram illustrating one configuration of a decoder 712 on an
electronic device 702. The decoder 712 may be included in an electronic device 702.
For example, the decoder 712 may be a HEVC decoder. The decoder 712 and one or
more of the elements illustrated as included in the decoder 712 may be impiemented in
hardware, software or a combination of both. The decoder 712 may receive a bitstream
714 (e.g., one or more encoded pictures and overhead data included in the bitstream
714) for decoding. In some configurations, the received bitstream 714 may include
received overhead data, such as a message (e.g., picture timing SEI message or other
message), slice header, PPS, etc. In some configurations, the decoder 712 may addi-
tionally receive a separate transmission 710. The separate transmission 710 may
include a message (e.g., a picture timing SEI message or other message). For example,
a picture timing SEI message or other message may be received in a separate
transmission 710 instead of in the bitstream 714. However, it should be noted that the
separate transmission 710 may be optional and may not be utilized in some config-
urations.

[0228]  The decoder 712 includes a CPB 720. The CPB 720 may be configured similarly to
the CPB 120 described in connection with Figure 1 above. Additionally or alter-
natively, the decoder 712 may perform one or more of the procedures described in
connection with Figure 4 and Figure 5. For example, the decoder 712 may reccive a
message (c.g., picture timing SEI message or other message) with sub-picture pa-
rameters and remove and decode decoding units in an access unit based on the sub-
picture parameters. It should be noted that one or more access units may be included in
the bitstream and may include one or more of encoded picture data and overhead data.

[0229] The Coded Picture Buffer (CPB) 720 may provide encoded picture data to an entropy
decoding module 701. The encoded picture data may be entropy decoded by an
entropy decoding module 701, thereby producing a motion information signal 703 and
quantized, scaled and/or transformed coefficients 705.

[0230]  The motion information signal 703 may be combined with a portion of a reference
frame signal 798 from a decoded picture buffer 709 at a motion compensation module
780, which may produce an inter-frame prediction signal 782. The quantized, descaled
and/or transformed coefficients 705 may be inverse quantized, scaled and inverse

transformed by an inverse module 707, thereby producing a decoded residual signal
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[0231]

[0232]

[0233]

[0234]

784. The decoded residual signal 784 may be added to a prediction signal 792 to
produce a combined signal 786. The prediction signal 792 may be a signal selected
from either the inter-frame prediction signal 782 produced by the motion compensation
module 780 or an intra-frame prediction signal 790 produced by an intra-frame
prediction module 788. In some configurations, this signal selection may be based on
(e.g., controlled by) the bitstream 714.

The intra-frame prediction signal 790 may be predicted from previously decoded in-
formation from the combined signal 786 (in the current frame, for example). The
combined signal 786 may also be filtered by a de-blocking filter 794. The resulting
filtered signal 796 may be written to decoded picture buffer 709. The resulting filtered
signal 796 may include a decoded picture. The decoded picture buffer 709 may provide
a decoded picture which may be outputted 718. In some cases 709 may be a considered
as frame memory.

Figure 7B is a block diagram illustrating one configuration of a video decoder 1812
on an electronic device 1802. The video decoder 1812 may include an enhancement
layer decoder 1815 and a basc layer decoder 1813. The vidco decoder 812 may also
include an interface 1889 and resolution upscaling 1870. The video decoder of Figure
7B, for example, is suitable for scalable video decoding and multi-view video
decoding, as described herein.

The interface 1889 may receive an encoded video stream 1885. The encoded video
stream 1885 may consist of base layer encoded video stream and enhancement layer
encoded video stream. These two streams may be sent separately or together. The
interface 1889 may provide some or all of the encoded video stream 1885 to an
entropy decoding block 1886 in the base layer decoder 1813. The output of the entropy
decoding block 1886 may be provided to a decoding prediction loop 1887. The output
of the decoding prediction loop 1887 may be provided to a reference buffer 1888. The
reference buffer may provide feedback to the decoding prediction loop 1887. The
reference buffer 1888 may also output the decoded base layer video stream 1884.

The interface 1889 may also provide some or all of the encoded video stream 1885 to
an entropy decoding block 1890 in the enhancement layer decoder 1815. The output of
the entropy decoding block 1890 may be provided to an inverse quantization block
1891. The output of the inverse quantization block 1891 may be provided to an adder
1892. The adder 1892 may add the output of the inverse quantization block 1891 and
the output of a prediction selection block 1895. The output of the adder 1892 may be
provided to a deblocking block 1893. The output of the deblocking block 1893 may be
provided to a reference buffer 1894. The reference buffer 1894 may output the decoded
enhancement layer video stream 1882. The output of the reference buffer 1894 may

also be provided to an intra predictor 1897. The enhancement layer decoder 1815 may
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[0235]

[0236]

[0237]

[0238]

[0239]

include motion compensation 1896. The motion compensation 1896 may be performed
after the resolution upscaling 1870. The prediction selection block 1895 may receive
the output of the intra predictor 1897 and the output of the motion compensation 1896.
Also, the decoder may include one or more coded picture buffers, as desired, such as
together with the interface 1889.

Figure 8 illustrates various components that may be utilized in a transmitting
electronic device 802. One or more of the electronic devices 102, 602, 702 described
herein may be implemented in accordance with the transmitting electronic device 802
illustrated in Figure 8.

The transmitting electronic device 802 includes a processor §17 that controls
operation of the electronic device 802. The processor 817 may also be referred to as a
CPU. Memory 811, which may include both read-only memory (ROM), random access
memory (RAM) or any type of device that may store information, provides instructions
813a (e.g., executable instructions) and data 815a to the processor 817. A portion of
the memory 811 may also include non-volatile random access memory (NVRAM).
The memory 811 may be in electronic communication with the processor 817.

Instructions §13b and data §15b may also reside in the processor 817. Instructions
813b and/or data 815b loaded into the processor 817 may also include instructions
813a and/or data 815a from memory 811 that were loaded for execution or processing
by the processor 8§17. The instructions 813b may be executed by the processor 817 to
implement the systems and methods disclosed herein. For example, the instructions
813b may be executable to perform one or more of the methods 200, 300, 400, 500
described above.

The transmitting electronic device 802 may include one or more communication in-
terfaces 819 for communicating with other electronic devices (e.g., receiving electronic
device). The communication interfaces 819 may be based on wired communication
technology, wireless communication technology, or both. Examples of a commu-
nication interface 819 include a serial port, a parallel port, a Universal Serial Bus
(USB), an Ethemet adapter, an IEEE 1394 bus interface, a small computer system
interface (SCSI) bus interface, an infrared (IR) communication port, a Bluetooth
wireless communication adapter, a wireless transceiver in accordance with 3
Generation Partnership Project (3GPP) specifications and so forth.

The transmitting electronic device 802 may include one or more output devices 823
and one or more input devices 821. Examples of output devices 823 include a speaker,

printer, etc. One type of output device that may be included in an electronic device 802

is a display device 825. Display devices 825 used with configurations disclosed herein

may utilize any suitable image projection technology, such as a cathode ray tube
(CRT), liquid crystal display (LCD), light-emitting diode (LED), gas plasma, electrolu-
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[0240]

[0241]

[0242]

[0243]

[0244]

minescence or the like. A display controller 827 may be provided for converting data
stored in the memory 811 into text, graphics, and/or moving images (as appropriate)
shown on the display 825. Examples of input devices 821 include a keyboard, mouse,
microphone, remote control device, button, joystick, trackball, touchpad, touchscreen,
lightpen, etc.

The various components of the transmitting electronic device 802 are coupled
together by a bus system 829, which may include a power bus, a control signal bus and
a status signal bus, in addition to a data bus. However, for the sake of clarity, the
various buses are illustrated in Figure 8 as the bus system 829. The transmitting
electronic device 802 illustrated in Figure 8 is a functional block diagram rather than a
listing of specific components.

Figure 9 is a block diagram illustrating various components that may be utilized in a
receiving electronic device 902. One or more of the electronic devices 102, 602, 702
described herein may be implemented in accordance with the receiving electronic
device 902 illustrated in Figure 9.

The receiving electronic device 902 includes a processor 917 that controls operation
of the electronic device 902. The processor 917 may also be referred to as a CPU.
Memory 911, which may include both read-only memory (ROM), random access
memory (RAM) or any type of device that may store information, provides instructions
913a (e.g., executable instructions) and data 915a to the processor 917. A portion of
thc memory 911 may also include non-volatile random access memory (NVRAM).
The memory 911 may be in electronic communication with the processor 917.

Instructions 913b and data 915b may also reside in the processor 917. Instructions
913b and/or data 915b loaded into the processor 917 may also include instructions
913a and/or data 915a from memory 911 that were loaded for execution or processing
by the processor 917. The instructions 913b may be exccuted by the processor 917 to
implement the systems and methods disclosed herein. For example, the instructions
913b may be executable to perform one or more of the methods 200, 300, 400, 500
described above.

The receiving electronic device 902 may include one or more communication in-
terfaces 919 for communicating with other electronic devices (e.g., a transmitting
electronic device). The communication interface 919 may be based on wired commu-
nication technology, wireless communication technology, or both. Examples of a com-
munication interface 919 include a serial port, a parallel port, a Universal Serial Bus
(USB), an Ethernet adapter, an IEEE 1394 bus interface, a small computer system
interface (SCSI) bus interface, an infrared (IR) communication port, a Bluetooth
wireless communication adapter, a wireless transceiver in accordance with 3

Generation Partnership Project (3GPP) specifications and so forth.
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[0245]  The receiving electronic device 902 may include one or more output devices 923 and
one or more input devices 921. Examples of output devices 923 include a speaker,
printer, etc. One type of output device that may be included in an electronic device 902
is a display device 925. Display devices 925 used with configurations disclosed herein
may utilize any suitable image projection technology, such as a cathode ray tube
(CRT), liquid crystal display (LCD), light-emitting diode (LED), gas plasma, electrolu-
minescence or the like. A display controller 927 may be provided for converting data
stored in the memory 911 into text, graphics, and/or moving images (as appropriate)
shown on the display 925. Examples of input devices 921 include a keyboard, mouse,
microphone, remote control device, button, joystick, trackball, touchpad, touchscreen,
lightpen, etc.

[0246]  The various componcnts of the receiving clectronic device 902 are coupled together
by a bus system 929, which may include a power bus, a control signal bus and a status
signal bus, in addition to a data bus. However, for the sake of clarity, the various buses
are illustrated in Figure 9 as the bus system 929. The receiving electronic device 902
illustrated in Figure 9 is a functional block diagram rather than a listing of specific
components,

[0247]  Figure 10 is a block diagram tilustrating one configuration of an electronic device
1002 in which systems and methods for sending a message may be implemented. The
electronic device 1002 includes encoding means 1031 and transmitting means 1033.
The encoding means 1031 and transmitting means 1033 may be configured to perform
one or more of the functions described in connection with one or more of Figure 1,
Figure 2, Figure 3, Figure 6 and Figure 8 above. For example, the encoding means
1031 and transmitting means 1033 may generate a bitstream 1014. Figure 8 above il-
lustrates one example of a concrete apparatus structure of Figure 10. Other various
structures may be implemented to realize one or more of the functions of Figure 1,
Figure 2, Figure 3, Figure 6 and Figure 8. For example, a DSP may be realized by
software.

[0248]  Figure 11 is a block diagram illustrating one configuration of an electronic device
1102 in which systems and methods for buffering a bitstream 1114 may be im-
plemented. The electronic device 1102 may include receiving means 11335 and
decoding means 1137. The receiving means 1135 and decoding means 1137 may be
configured to perform one or more of the functions described in connection with one or
more of Figure 1, Figure 4, Figure 5, Figure 7 and Figure 9 above. For example, the
receiving means 1135 and decoding means 1137 may receive a bitstream 1114, Figure
9 above illustrates one example of a concrete apparatus structure of Figure 11. Other
various structures may be implemented to realize one or more functions of Figure 1,
Figure 4, Figure 5, Figurc 7 and Figure 9. For cxample, a DSP may be realized by
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software.

[0249]  Figure 12 is a flow diagram illustrating one configuration of a method 1200 for
operation of decoded picture buffer (DPB). The method 1200 may be performed by an
encoder 104 or one of its sub-parts (e.g., a decoded picture buffer module 676). The
method 1200 may be performed by a decoder 112 in an electronic device 102 (e.g.,
electronic device B 102b). Additionally or alternatively the method 1200 may be
performed by a decoder 712 or one of its sub-parts (e.g., a decoded picture buffer
module 709). The decoder may parse first slice header of a picture 1202. The output
and removal of pictures from DPB before decoding of the current picture (but after
parsing the slice header of the first slice of the current picture} happens instantaneously
when first decoding unit of the access unit containing the current picture is removed
from the CPB and proceeds as follows.

[0250] - The decoding process for reference picture set (RPS) is invoked. Reference picture
set is a set of reference pictures associated with a picture, consisting of all reference
pictures that are prior to the associated picture in decoding order, that may be used for
inter prediction of the associated picture or any picture following the associated picture
in decoding order.

[0251] - The bitstream of the video may include a syntax structure that is placed into logical
data packets generally referred to as Network Abstraction Layer (NAL) units. Each
NAL unit includes a NAL unit header, such as a two-byte NAL unit header (e.g., 16
bits), to identify the purpose of the associated data payload. For example, each coded
slice (and/or picture) may be coded in one or more slice (and/or picture) NAL units.
Other NAL units may be included for other categories of data, such as for example,
supplemental enhancement information, coded slice of temporal sub-layer access
(TSA) picture, coded slice of step-wise temporal sub-layer access (STSA) picture,
coded slice a non-TSA, non-STSA trailing picture, coded slice of broken link access
picture, coded slice of instantaneous decoded refresh picture, coded slice of clean
random access picture, coded slice of decodable leading picture, coded slice of tagged
for discard picture, video parameter set, sequence parameter sct, picture parameter sct,
access unit delimiter, end of sequence, end of bitstream, filler data, and/or sequence
enhancement information message. Table (4) illustrates one example of NAL unit
codes and NAL unit type classes. Other NAL unit types may be included, as desired. It
should also be understood that the NAL unit type values for the NAL units shown in
the Table (4) may be reshuffled and reassigned. Also additional NAL unit types may
be added. Also some NAL unit types may be removed.

[0252]  An intra random access point (IRAP) picture is a coded picture for which each video
coding layer NAL unit has nal_unit_type in the range of BLA_W_LP to
RSV_IRAP_VCL23, inclusive as shown in Table (4). An IRAP picture contains only
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Intra coded (1) slices. An instantaneous decoding refresh (IDR) picture is an IRAP
picture for which each video coding layer NAL unit has nal_unit_type equal to
IDR_W_RADL or IDR_N_LP as shown in Table (4). An instantaneous decoding
referesh (IDR) picture contains only I slices, and may be the first picture in the
bitstream in decoding order, or may appear later in the bitstream. Each IDR picture is
the first picture of a coded video sequence (CVS) in decoding order. A broken link
access (BLA) picture is an IRAP picture for which each video coding layer NAL unit
has nal_unit_type equal to BLA_W_LP, BLA_W_RADL, or BLA_N_LP as shown in
Table (4). A BLA picture contains only I slices, and may be the first picture in the
bitstream in decoding order, or may appear later in the bitstream. Each BLA picture
begins a new coded video sequence, and has the same effect on the decoding process
as an IDR picture. However, a BLA picture contains syntax elements that specify a
non-empty reference picture set.

[0253]

CA 3034598 2019-02-22



53

WO 2014/167817 PCT/IP2014/001967
[Table 4]
nal_unit_type | Name of Content of NAL unit and raw byte sequence NAL unit
nal_unit_: payload (RBSP) syntax structure type class
[i] TRAIL N Coded slice segment of a non-TSA, non-STSA Video
1 TRAIL R trailing picture Coding
slicé_segment,_layer_rbspQ Layer
(VCL)
2 TSA N Coded slice segment of a temporal sub-layer VCL
3 TSA_R access (TSA) picture
slice_segment,_layer_rbsp()
4 STSA_N Coded slice segment of an Step-wise Temporal VCL
5 STSA_R sub-layer access (STSA) picture
slice_segment,_layer_rbspQ
6 RADL_N Coded slice segment of a random access VCL
7 RADL_R decodable Jeading (RADL) picture
slice_segment_layer_rbap()
8 RASL_N Coded slice segment of a random access skipped | VCL
] RASL R leading (RASL) picture
slice_segment_layer _rbsp(Q
10 RSV_VCI,_N10 Reserved non-IRAP sub-layer non-reference VCL | VCL
12 RSV_VCL_N12 NAL unit types
14 RSV_VCL_N14
11 RSV_VCL_Ri1 Reserved non-IRAP sub-layer reference VCL VCL
13 RSV_VCL_R13 NAL unit types
15 RSV_VCL_R15
16 BLA W_LP Coded slice segment of a broken link access VCL
17 BLA_W_RADL (BLA) picture
18 BLA N LP slice_segment,_layer_rbspQ
19 IDR_W_RADL Coded slice segment of an instantaneous VCL
20 IDR_N_LP decoding refresh (IDR) picture
slice_segment_layer_rbspQ
21 CRA_NUT Coded slice segment of a clean random access VCL
(CRA) picture
slice_segment layer rbsp(
22 RSV_IRAP_VCL22 | Reserved IRAP VCL NAL unit types VCL
23 RSV_IRAP VCL23
24.31 RSV_VCL24.. Reserved non-JRAP VCL NAL unit types VCL
RSV_VCL31
32 VPS_NUT Video parameter set non-video
video_parameter_set_rbsp0 coding
layer (non-
VCL)
33 SPS_NUT Sequence parameter set non-VCL
seq_parameter_set_rbhsp()
34 PPS_NUT Picture parameter set non-VCL
pic_parameter_set_rbsp(
35 AUD_NUT Access unit delimiter non-VCL
access_unit_delimiter_rbspQ
36 EOS_NUT End of sequence non-VCL
end_of _seq_rbsp()
37 EOB_NUT End of bitstream non-VCL
end of bitstream_rbsp0
38 FD_NUT Filler data non-VCL
filler_data_rbspQ
39 PREFIX _SEI NUT | Supplemental enhancement information non-VCL
40 SUFFIX SEI NUT | sei_rbsp0
41..47 RSV_NVCIAL.. Reserved non-VCL
RSV_NVCIAT
48..63 UNSPECA48.. Unspecified non"VCL
UNSPEC63
Table (4)
[0254]  Referring to Table (5), the NAL unit header syntax may include two bytes of data,

namely, 16 bits. The first bit is a "forbidden_zero_bit" which is always set to zero at
the start of a NAL unit. The next six bits is a "nal_unit_type" which specifies the type
of raw bytc scquence payloads ("RBSP") data structure contained in the NAL unit as
shown in Table (4). The next 6 bits is a "nuh_layer id" which specify the indentifier of

the layer. In some cases these six bits may be specified as "nuh_reserved_zero_6bits"
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[0255]

[0256]
[0257]

[0258]

[0259]

[0260]

[0261]

instead. The nuh_reserved_zero_6bits may be equal to O in the base specification of the
standard. In a scalable video coding and/or syntax extensions nuh_layer_id may
specify that this particular NAL unit belongs to the layer identified by the value of
these 6 bits. The next syntax element is "nuh_temporal_id_plus1”. The
nuh_temporal_id_plus] minus 1 may specify a temporal identifier for the NAL unit.
The variable temporal identifier Temporalld may be specified as Temporalld =
nuh_temporal_id_plusl - 1. The temporal identifier Temporalld is used to identify a
temporal sub-layer. The variable HighestTid identifies the highest temporal sub-layer
to be decoded.

[Table 5]
nal_unit_header( { Descripto
r
forbidden_zero_bit f()
nal_unit_type u()
nuh_layer id u(6)
nuh_temporal_id_plusl u(3)
}
Table (5)

Table (6) shows an exemplary sequence parameter set (SPS) syntax structure.

pic_width_in_luma_samples specifies the width of each decoded picture in units of
luma samples. pic_width_in_luma_samples shall not be equal to O.

pic_height_in_luma_samples specifies the height of each decoded picture in units of
luma samples. pic_height_in_luma_samples shall not be cqual to 0.

sps_max_sub_layers_minus] plus 1 specifies the maximum number of temporal sub-
layers that may be present in each CVS referring to the SPS. The value of
sps_max_sub_layers_minus] shall be in the range of 0 to 6, inclusive.

sps_sub_layer_ordering_info_present_flag flag equal to 1 specifies that
sps_max_dec_pic_buffering_minusl[ i ], sps_max_num_reorder_pics[ i ], and
sps_max_latency_increase_plusl[ i ] syntax elements are present for
sps_max_sub_layers_minusl + I sub-layers.
sps_sub_layer_ordering_info_present_flag equal to O specifies that the values of
sps_max_dec_pic_buffering_minus1[ sps_max_sub_layers_minusl1 ],
sps_max_num_reorder_pics[ sps_max_sub_layers_minus! ], and
sps_max_latency_increase_plusl[ sps_max_sub_layers minus] | apply to all sub-
layers.

sps_max_dec_pic_buffering_minus1[i] plus 1 specifies the maximum required size
of the decoded picture buffer for the CVS in units of picture storage buffers when
HighestTid is equal to i. The value of sps_max_dec_pic_buffering_minus1[ i ] shall be
in the range of 0 to MaxDpbSize - 1, inclusive where MaxDpbSize specifies the

maximum decoded picture buffer size in units of picture storage buffers. When i is
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[0262]

[0263]

[0264]

10265]

[0266]

[0267]

[0268]

greater than 0, sps_max_dec_pic_buffering_minus1[ i ] shall be greater than or equal
to sps_max_dec_pic_buffering_minusi[i- 1 ]. When
sps_max_dec_pic_buffering_minus1[ i] is not present for i in the range of 0 to
sps_max_sub_layers_minus! - 1, inclusive, due to
sps_sub_layer_ordering_info_present_flag being equal to 0, it is inferred to be equal to
sps_max_dec_pic_buffering minusl{ sps_max_sub_layers minus] |.
sps_max_num_reorder_pics[ i ] indicates the maximum allowed number of pictures
that can precede any picture in the CVS in decoding order and follow that picture in
output order when HighestTid is equal to i. The value of sps_max_num_reorder_pics[ i
] shall be in the range of 0 to sps_max_dec_pic_buffering_minusl[ i ], inclusive. When
11s greater than 0, sps_max_num_rcorder_pics| i | shall be greater than or equal to
sps_max_num_reorder_pics[ i- 1 ]. When sps_max_num_reorder_pics| i ] is not
present for i in the range of 0 to sps_max_sub_layers_minus] - 1, inclusive, due to
sps_sub_layer_ordering_info_present_flag being equal to 0, it is inferred to be equal to
sps_max_num_reorder_pics[ sps_max_sub_layers_minusl ].

sps_max_latency increase_plusl[ i ] not equal to 0 is used to compute the value of
SpsMaxLatencyPictures| i ], which specifies the maximum number of pictures that can
precede any picture in the CVS in output order and follow that picture in decoding
order when HighestTid is equal to i.

When sps_max_latency_increase_plusl[i] is not equal to 0, the value of SpsMaxLa-
tencyPictures| i ] is specified as follows:

SpsMaxLatencyPictures| 1 | = sps_max_num_reorder_pics[ 1]+
sps_max_latency_increase_plusl[i] - 1

When sps_max_latency_increase_plusl[ i ] is equal to 0, no corresponding limit is
expressed.

The value of sps_max_latency_increase_plus1[ i ] shall be in the range of 0 to 232- 2,
inclusive. When sps_max_latency_increase_plus1[ i ] is not present for i in the range
of 0 to sps_max_sub_layers_minusl1 - 1, inclusive, due to
sps_sub_layer_ordering_info_present_flag being equal to 0, it is inferred to be equal to

sps_max_latency_increase plusl[ sps_max_sub_layers minus] ].
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[0269]
[0270]

[0271]

[0272]

[0273]

[0274]

[0275]

[0276]

[0277]
[0278]

[Table 6]

seq_parameter_set_rbsp( {

sps_max_sub_layers_minusl

pic_width_in_luma_samples
pic_height_in luma_samples

for( i = ( sps_sub_layer_ordering_info_present flag?0:
sps_max_sub_layers_minus] );

i <= sps_max_sub_layers_minusi; i++) {
sps_max_dec_pic_buffering minus1[i]
sps_max_num_reorder_pics[i]
sps_max_latency_increase_plusi1[i]

Table (6)

When the current picture is an IRAP picture, the following applies:

- If the current picture is an IDR picture, a BLA picture, the first picture in the
bitstream in decoding order, or the first picture that follows an end of sequence NAL
unit in decoding order, a variable NoRaslOutputFlag is set equal to 1.

- Otherwise, if some external means is available to set a variable Handle-
CraAsBlaFlag to a value for the current picture, the variable HandleCraAsBlaFlag is
set equal to the value provided by that external means and the variable No-
RaslOutputFlag is set equal to HandleCraAsBlaFlag.

- Otherwise, the variable HandleCraAsBlaFlag is set equal to O and the variable No-
RaslQutputFlag is set equal to 0.

If the current picture is an IRAP picture with NoRaslOutputFlag equal to 1 that is not
picture 0, the following ordered steps are applied:

1. The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as
follows:

- If the current picture is a CRA picturc, NoOutputOfPriorPicsFlag is sct cqual to 1
(regardless of the value of no_output_of_prior_pics_flag).

- Otherwise, if the value of pic_width_in_luma_samples,
pic_height_in_luma_samples, or sps_max_dec_pic_buffering_minus1[ HighestTid ]
derived from the active SPS is different from the value of pic_width_in_luma_samples,
pic_height_in_luma_samples, or sps_max_dec_pic_buffering_minus1[ HighestTid ],
respectively, derived from the SPS active for the preceding picture, NoOutputOfPrior-
PicsFlag may (but should not) be set to 1 by the decoder under test, regardless of the
value of no_output_of_prior_pics_flag.

- Otherwise, NoOutputOfPriorPicsFlag is set equal to no_output of prior_pics_flag.

2. The value of NoOutputOfPriorPicsFlag derived for the decoder under test is
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[0279]

[0280]

[0281]

[0282]

[0283]

[0284]

(0285]

[0286]

applied for the HRD as follows:

- If NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in the DPB are
emptied without output of the pictures they contain, and the DPB fullness is set equal
o 0.

- Otherwise (NoOutputOfPriorPicsFlag is equal to (), all picture storage buffers
containing a picture that is marked as "not needed for output” and "unused for
reference” are emptied (without output), and all non-empty picture storage buffers in
the DPB are emptied by repeatedly invoking the "bumping” process 1204, and the
DPB fullness is set equal to 0.

- Otherwise (the current picture is not an IRAP picture with NoRaslOutputFlag equal
to 1), all picture storage buffers containing a picture which are marked as "not needed
for output" and "unused for reference” are emptied (without output). For each picture
storage buffer that is emptied, the DPB fullness is decremented by one. When one or
more of the following conditions are true, the "bumping” process 1204 is invoked re-
peatedly while further decrementing the DPB fullness by one for each additional
picture storage buffer that is emptied, until none of the following conditions are true:

1. The number of pictures with that particular nuh_layer_id value in the DPB that are
marked as "needed for output” is greater than sps_max_num_reorder_pics[ HighestTid
] from the active sequence parameter set (when that particular nuh_layer_id value is
equal to 0) or from the active layer sequence parameter set for that particular
nubh_layer_id value.

2. If sps_max_latency_increase_plus1[ HighestTid ] from the active sequence
parameter set (when that particular nuh_layer_id value is equal to 0) or from the active
layer sequence parameter set for that particular nuh_layer_id value is not equal to O
and there is at least one picture with that particular nuh_layer_id value in the DPB that
is marked as "needed for output” for which the associated variable PicLatencyCount is
greater than or equal to SpsMaxLatencyPictures[ HighestTid ] for that particular
nuh_layer_id value.

3. The number of pictures with that particular nuh_layer_id value in the DPB is
greater than or equal to sps_max_dec_pic_buffering[ HighestTid ] + 1 from the active
sequence parameter set (when that particular nuh_layer_id value is equal to 0) or from
the active layer sequence parameter set for that particular nuh_layer_id value.

Picture decoding process in the block 1206 (picture decoding and marking) happens
instantaneously when the last decoding unit of access unit containing the current
picture is removed from the CPB.

For each picture with nuh_layer_id value equal to current picture's nuh_layer_id
value in the DPB that is marked as "needed for output", the associated variable PicLa-

tencyCount is set equal to PicLatencyCount + 1.
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[0287]

[0288]

[0289]

[0290]
[0291]

[0292]

[0293]

[0294]

[0295]

{0296]

The current picture is considered as decoded after the last decoding unit of the
picture is decoded. The current decoded picture is stored in an empty picture storage
buffer in the DPB, and the following applies:

- If the current decoded picture has PicOutputFlag equal to 1, it is marked as "needed
for output” and its associated variable PicLatencyCount is set equal to O.

- Otherwise (the current decoded picture has PicOutputFlag equal to 0), it is marked
as "not needed for output".

The current decoded picture is marked as "used for short-term reference”.

‘When one or more of the following conditions are true, the additional "bumping”
process 1208 is invoked repeatedly until none of the following conditions are true:

- The number of pictures with nuh layer id value equal to current picture's
nuh_layer_id value in the DPB that are marked as "needed for output” is greater than
sps_max_num_reorder_pics[ HighestTid | from the active sequence parameter set
(when the current picture's nuh_layer_id value is equal to 0) or from the active layer
sequence parameter set for the current picture's nuh_layer_id value.

- sps_max_latency_increase_plusl[ HighestTid ] from the active sequence parameter
set {(when the current picture's nuh_layer_id value is equal to 0) or from the active
layer sequence parameter set for the current picture's nuh_layer_id value is not equal to
0 and there is at least one picture with that particular nuh_layer_id value in the DPB
that is marked as "needed for output” for which the associated variable PicLa-
tencyCount is greater than or equal to SpsMaxLatencyPictures| HighestTid ] for that
particular nuh_layer_id value.

The "bumping” process 1204 and additional bumping process 1208 are identical in
terms of the steps and consists of the following ordered steps: The pictures that are first
for output is selected as the ones having the smallest value of picture order count
(PicOrderCntVal) of all pictures in the DPB marked as "needed for output”. A picture
order count is a variable that is associated with each picture, uniquely identifies the as-
sociated picture among all pictures in the CVS, and, when the associated picture is to
be output from the decoded picture buffer, indicates the position of the associated
picture in output order relative to the output order positions of the other pictures in the
same CVS that are to be output from the decoded picture buffer.

- These pictures are cropped, using the conformance cropping window specified in
the active sequence parameter set for the picture with nuh_layer_id equal to O or in the
active layer sequence parameter set for a nuh_layer_id value equal to that of the
picture, the cropped pictures are output in ascending order of nuh_layer_id, and the
pictures are marked as "not needed for output”.

- Each picture storage buffer that contains a picture marked as "unused for reference”

and that included one of the pictures that was cropped and output is emptied.
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[0297]  Referring to Figure 13A, as previously described the NAL unit header syntax may
include two bytes of data, namely, 16 bits. The first bit is a "forbidden_zero_bit" which
is always set to zero at the start of a NAL unit. The next six bits is a "nal_unit_type"
which specifies the type of raw byte sequence payloads ("RBSP") data structure
contained in the NAL unit. The next 6 bits is a "nuh_reserved_zero 6bits". The
nuh_reserved_zero_6bits may be equal to 0 in the base specification of the standard.
Other values of nuh_reserved_zero_6bits may be specified as desired. Decoders may
ignore (i.e., remove from the bitstream and discard) all NAL units with values of
nuh_reserved_zero_6bits not equal to 0 when handling a stream based on the base
specification of the standard. In a scalable or other extension nuh_reserved zero_ 6bits
may specify other values, to signal scalable video coding and/or syntax extensions. In
some cases syntax element nuh_reserved_zero_6bits may be called
reserved_zero_6bits. In some cases the syntax element nuh_reserved_zero_6bits may
be called as layer_id_plus1 or layer_id, as illustrated in Figure 13B and Figure 13C. In
this case the element layer id will be layer id_plusl minus 1. In this case it may be
used to signal information related to layer of scalable coded video. The next syntax
element is "nuh_temporal_id_plusl”. nuh_temporal_id_plusl minus 1 may specify a
temporal identifier for the NAL unit. The variable temporal identifier Temporalld may
be specified as Temporalld = nuh_temporal_id_plus] - 1.

[0298]  Referring to Figure 14, a general NAL unit syntax structure is illustrated. The NAL
unit header two byte syntax of Figure 13 is included in the reference to
nal_unit_header() of Figure 14. The remainder of the NAL unit syntax primarily
relates to the RBSP.

[0299]  One existing technique for using the "nuh_reserved_zero_6bits" is to signal scalable
video coding information by partitioning the 6 bits of the nuh_reserved_zero_6bits into
distinct bit fields, namely, one or more of a dependency ID, a quality ID, a view ID,
and a depth flag, each of which refers to the identification of a different layer of the
scalable coded video. Accordingly, the 6 bits indicate what layer of the scalable
encoding technique this particular NAL unit belongs to. Then in a data payload, such
as a video parameter set ("VPS") extension syntax ("scalability_type") as illustrated in
Figure 15, the information about the layer is defined. The VPS extension syntax of
Figure 15 includes 4 bits for scalability type (syntax element scalability_type) which
specifies the scalability types in use in the coded video sequence and the dimensions
signaled through layer_id_plusi (or layer_id) in the NAL unit header. When the
scalability type is equal to 0, the coded video sequence conforms to the base speci-
fication, thus layer_id_plusl of all NAL units is equal to O and there are no NAL units
belonging to an enhancement layer or view. Higher values of the scalability type are
interpreted as illustrated in Figure 16.
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[0300] The layer_id_dim_len[ i ] specifies the length, in bits, of the i-th scalability
dimension ID. The sum of the values layer_id_dim_len[ i ] for all i values in the range
of 0 to 7 is less than or equal to 6. The
vps_extension_byte_alignment_reserved_zero_bit is zero. The vps_layer_id[ i ]
specifies the value of layer_id of the i-th layer to which the following layer de-
pendency information applies. The num_direct_ref layers[ i ] specifies the number of
layers the i-th layer directly depends on. The ref_layer_id[ i I[ j ] identifies the j-th
layer the i-th layer directly depends on.

[0301] In this manner, the existing technique signals the scalability identifiers in the NAL
unit and in the video parameter set to allocate the bits among the scalability types listed
in Figure 16. Then for each scalability type, Figure 16 defines how many dimensions
are supported. For example, scalability type 1 has 2 dimensions (i.e., spatial and
quality). For each of the dimensions, the layer_id_dim_len[i] defines the number of
bits allocated to each of these two dimensions, where the total sum of all the values of
layer_id_dim_Jlen[i] is less than or equal to 6, which is the number of bits in the
nuh_reserved_zero_6bits of the NAL unit header. Thus, in combination the technique
identifies which types of scalability is in use and how the 6 bits of the NAL unit header
are allocated among the scalability.

[0302]  While such a fixed combination of different scalability dimensions, as illustrated in
Figure 16, is suitable for many applications there are desirable combinations which are
not included. Referring to Figure 17, a modified video parameter set extension syntax
specifies a scalability type for each bit in the nuh_reserved_zero_6bits syntax element.
The vps_extension_byte alignment_reserved_zero_bit is set to 0. The
max_num_layers_minus1_bits indicates the total number of bits used for the syntax
element in the first two bytes of the NAL unit header in Figure 13 referred to as
layer_id_plusl or nuh_reserved_zero_6bits. . The scalability_mapl[i] specifies the
scalability type for each bit in the layer_id_plus! syntax element. In some case the
layer id_plusl sytax element may be instead called nuh_reserved_zero_6bits or
rserved_zero_6bits syntax element. The scalability map for all the bits of the syntax
element layer_id_plus] together specifies the scalability in use in the coded video
sequence. The actual value of the identifier for each of the scalability types is signaled
through those corresponding bits in the layer_id_plus! (nuh_reserved_zero_6bits) field
in the NAL unit header. When scalability_map[i] is equal to O for all values of i, the
coded video sequence conforms to the base specification, thus layer_id_plusl value of
NAL units is equal to 0 and there are no NAL units belonging to an enhancement layer
or view. The vps_layer_id[ i ] specifies the value of layer_id of the i-th layer to which
the following layer dependency information applies. The num_direct_ref_layers| i ]
specifies the number of layers the i-th layer directly depends on. The ref _layer id[i][ j
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] identifies the j-th layer the i-th layer directly depends on.

[0303]  Higher values of scalability_map[i] are interpreted as shown in Figure 18. The
scalability map [i] includes the scalability dimensions of (0) none; (1) spatial; (2)
quality; (3) depth; (4) multiview; (5) unspecified; (6) reserved; and (7) reserved.

[0304]  Therefore each bit in the NAL unit header is interpreted based on the 3 bits in the
video parameter sct of what is the scalability dimension (c.g., none, spatial, quality,
depth, multiview, unspecified, reserved). For example, to signal that all the bits in
layer id_plusl correspond to spatial scalability, the scalability_map values in the VPS
may be coded as 001 001 001 001 001 001 for the 6 bits of the NAL unit header. Also
for example, to signal that 3 bits in layer_id_plusl correspond to spatial scalability and
3 bits correspond to quality scalability, the scalability_map values in the VPS may be
coded as 001 001 001 010 010 010 for the 6 bits of the NAL Unit header.

[0305]  Referring to Figure 19, another embodiment includes the video parameter set
signaling the number of scalability dimensions in the 6 bits of the NAL unit header
using the num_scalability_dimensions_minusl. The
num_scalability dimensions minusl plus 1 indicates the number of scalability di-
mensions signaled through the layer_id_plus1; nuh_reserved_zero_6bits; and/or
reserved_zero_6bits syntax elements. The scalability_map[i] has the same semantics as
described above in relation to Figure 17. The num_bits_for_scalability_map[i]
specifies the length in bits for the I'th scalability dimension. The sum of all of the
num_bits_for_scalability_mapli] for i=0, ..num_scalability dimensions_minus] is
equal to six (or otherwise equal to the number of bits used for layer_id_plusl;
vps_reserved_zero_6bits; max_num_layers_minus1; reserved_zero_6bits;
nuh_reserved_zero_6bits syntax elements).

[0306]  With respect to Figure 17 and Figure 19 other variations may be used, if desired. In
one embodiment for example, the scalability_map[i] may be signaled with u(4) (or
u(n) with n>3 or n<3). In this case the higher values of scalability_map[i] may be
specified as reserved for bitstreams conforming to a particular profile of the video
technique. For example, scalability map values 6..15 may be specified as ‘reserved'
when signaling scalability_map[i] with u(4). In another embodiment for example,
scalability_mapl[i] maybe signaled with ue(v) or some other coding scheme. In another
embodiment for example, a restriction may be specified such that the
scalability_mapli] values are arranged in monotonic non decreasing (or non-in-
creasing) order. This results in various scalability dimension fields in the
layer_id_plus] field in NAL unit header being contiguous.

[0307]  Another existing technique for signaling the scalable video coding using the
"layer_id_plus1" or "nuh_reserved_zero_6bits" syntax element is to map the

layer_id_plusl in the NAL unit header to a layer identification by signaling a general
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lookup table in the video parameter set. Referring to Figure 20, the existing technique
includes a video parameter set that specifies the number of dimension types and
dimension identifications for the i-th layer of the lookup table. In particular, the
vps_extension_byte_alignment_reserved_zero_bit is zero. The
num_dimensions_minus1{i] plus 1 specifies the number of dimension types
(dimension_type[i](j]) and dimension identifiers (dimension_id[i][j]) for the i-th layer.
The dimension_type[i][j] specifies the j-th scalability dimension type of the i-th layer,
which has layer_id or layer_id_plusi equal to i, as specified in Figure 31. As illustrated
in Figure 21, the dimensions that are identified include of (0) view order idx; (1) depth
flag; (2) dependency ID; (3) quality ID; (4)-(15) reserved. The dimension_id[i][j]
specifies the identificr of the j-th scalability dimension type of the i-th layer, which
when not present is inferred to be 0. The num_direct_ref layers[i] specifies the number
of layers the i-th layer directly depends on. The ref layer id[i][j] identifies the j-th
layer the i-th layer directly depends on. Unfortunately, the proposed embodiment il-
lustrated in Figure 20 results in an unwieldy large lookup table.

[0308] Referring to Figure 22, a modified video parameter set extension includes a
scalability mask that is used in combination with a scalability dimension. The
scalability_mask signals a pattern of 0 and 1 bits with each bit corresponding to one
scalability dimension as indicated by the scalability map syntax of Figure 23. A value
of 1 for a particular scalability dimension indicates that this scalability dimension is
present in this layer (I'th layer). A value of O for a particular scalability dimension
indicates that this scalability dimension is not present in this layer (I'th layer). For
example, a set of bits of 00100000 refers to quality scalability. The actual identifier
value of the particular scalability dimension that is present is indicated by the
scalability_id[j] value signaled. The values of num_scalability _types[i] is equal to the
sum of number of bits in the scalability_mask having valuc of 1. Thus

[0309] [Math.9]

7
num_scalability types[i]= Y, scalability_mask[i](k)
k=0

[0310]  The scalability_id[j] indicates the j-th scalability dimension's identifier value for the
type of scalability values that are signaled by the scalability_mask value.

[0311]  Referring to Figure 24, a modification of Figure 22, includes the scalability mask
being signaled outside the loop. This results in one common mask for each layer iden-
tification. Referring to Figure 25, in this modification a corresponding exemplary
video parameter set may include the scalable identification with the scalability mask
not being included. In this case the syntax element scalable_id[j] has same inter-
pretation as the syntax element scalability_id[j] in Figure 22,

[0312]  Referring to Figure 26 a modification of Figure 22 includes the scalability mask
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(scalability_mask) being signaled outside the loop. This results in one common mask
for each layer identification. The scalability_mask signals a pattern of 0 and 1 bits with
each bit corresponding to one scalability dimension as indicated by the scalability map
syntax of Figure 27. A value of 1 for a particular scalability dimension indicates that
this scalability dimension is present in this layer (i'th layer). A value of 0 for a
particular scalability dimension indicates that this scalability dimension is not present
in this layer (i'th layer). For example, a set of bits of 00100000 refers to quality
scalability. The actual identifier value of the particular scalability dimension that is
present is indicated by the scalability_id[j] value signaled. The values of
num_scalability_types[i] is equal to the sum of number of bits in the scalability_mask
having value of 1. Thus

[0313] [Math.10]

15
NumScalability Types[i] = Y . scalability_mask(k)
k=0

[0314]  In this case the scalability_id[j] variable may instead be called dimension_id[i][j]
variable. dimension_id[i][j] specifies the scalability identifier of the j-th scalability
dimension of the i-th layer. Then a variable ScalabilityId[i][j] is derived as follows.

[0315] [Table 7]

for(i=1; i <= vps_max_layers_minus1; i++ ) {

for(k=0, j=0; k<=15; k++) {
if(scalability_mask(k)==1)
Scalabilityld [i][k]=dimension_id[i][j++]
else
Scalabilityld [i][k]=0;

}

[0316]  Where the Scalabilityld [i][k] signals dimension ID for the corresponding scalability
type as follows.
[0317] [Table 8]

k Scalabilityld [illk]
0 Dependencyldl[ilk]
1 QualityTd[il[k]

2 depthFlaglillk]

3 ViewlId[il[Kk]

4-15 | Reserved

[0318]  Where Dependencyld[i][1] is the dependency ID for the spatial scalability dimension
for the i-th layer, Qualityld[i][2] is the quality ID for the quality scalability dimension
for the i-th layer, depthFlag[i][3] is the depth flag / depth ID for the depth scalability
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dimension for the i-th layer, and Viewld[i][4] is the view ID for the multiview
scalability dimension for the i-th layer.

[0319] Also in Figure 26 avc_base_codec_flag equal to 1 specifies that the base layer
conforms to Rec. ITU-T H.264 | ISO/IEC 14496-10, and avc_base_codec_{flag cqual to
1 specifies to HEVC. vps_nuh_layer_id_presnet_flag indicates if layer_id_in_nuhl[i]
variable which signals the value of layer_id in NAL unit header is signaled.

[0320] In another embodiment one or more of the syntax elements scalability _mask([i],
scalability_mask, scalability_id[j] may be signaled using different number of bits than
u(8). For example they could be signaled with u(16) (or u(n) with n>8 or n<8). In
another embodiment one or more of these syntax element could be signaled with ue(v).
In another embodiment the scalability _mask may be signaled in the NAL unit header
in layer_id_plusl; vps_reserved_zero_6bits; max_num_layers_minusl;
reserved_zero_6bits; and/or nuh_reserved_zero_6bits syntax elements. In some em-
bodiments the system may do this only for VPS NAL units, or only for non-VPS NAL
units, or for all NAL units. In yet another embodiment scalability_mask may be
signaled per picture anywhere in the bitstream. For example it may be signaled in slice
header, picture parameter set, video parameter set, or any other parameter set or any
other normative part of the bistream.

[0321] It should be noted that FIGS. 13, 15, 18, 20, 21, 22, 23 and corresponding description
refer to 6 bits since the syntax element nuh_reserved_zero_6bits or layer_id_plus1 in
NAL unit header of Figure 13 has 6 bits. However all the above description can be
suitably modified if that syntax element used a different number of bits than 6 bits. For
cxample if that syntax clement (nuh_reserved_zero_6bits or laycr_id_plusl) instead
used 9 bits then in Figure 17 the value of max_num_layer_minus] bits will be 9 and
the scalability _mapl[i] will be signaled for each of the 9 bits instead of 6 bits.

[0322]  Referring to FIG 24 a modification of FIG 22 provides syntax for signaling layer de-
pendency information. New syntax element layer_dependency_information_pattern is
defined.

[0323] layer_dependency_information_pattern signals a pattern of O and 1 bits with the
length equal to vps_max_layers_minusl. A value of O for i'th bit indicates that the
layer with layer_id (i+1) is an independent layer. A value of 1 for i'th bit indicates that
the layer with layer_id (i+1) is a dependent layer which depends on one or more of
other layers.

[0324]  The values of NumDepLayers is equal to the sum of number of bits in the
layer_dependency_information_pattern having value of 1. Thus

[0325] [Math.11]

vps_max_layer_minusl-1
NumDepLayers = Zlayer_dependency_information _pattern(k)

k=0
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[0326]

10327]

[0328]

[0329]

[0330]

[0331]

[0332]

[0333]

Referring to Figure 29 a modification of Figure 26 provides syntax for signaling
layer dependency information. New syntax element layer_dependency_flag[i] is
defined. layer_dependency_flag[i] signals if a layer depends on other layers . A value
of O for the flag indicates that the layer with layer_id i is an independent layer. A value
of 1 for i'th bit indicates that the layer with layer_id i is a dependent layer.

Referring to Figure 30 a modification of Figure 26 provides syntax for signaling
layer dependency information. New syntax element layer_dependency mapli] is
defined. layer_dependency mapli] signals a pattern of O and 1 bits with the length
equal to vps_max_layers_minusl. A value of O for k'th bit of
layer_dependency_map[i] indicates that the layer i does not depend on layer with
layer id (k+1). A value of 1 for k'th bit of layer dependency_map|i] indicates that the
layer i depends on layer with layer_id (k+1).

Referring to Figure 31 a modification of Figure 26 provides syntax for signaling
layer dependency information. New syntax element
layer_dependency_information_pattern is defined.

layer_dependency_information_pattern signals a pattern of 0 and 1 bits with the
length equal to vps_max_layers_minus]l. A value of 0 for i'th bit indicates that the
layer with layer_id (i+1) is an independent layer. A value of 1 for i'th bit indicates that
the layer with layer_id (i+1) is a dependent layer which depends on one or more of
other layers. The values of NumDepLayers is equal to the sum of number of bits in the
layer dependency_information_pattern having value of 1. Thus
[Math.12]

vps_max_layer_miousl-1
NumDepLayers = Zlayerjependency_information _pattern(k)
k=0

layer_dependency_mapli] signals a pattern of O and 1 bits with the length equal to
vps_max_layers_minusl. A value of O for k'th bit of layer_dependency_mapl[i]
indicates that the layer i does not depend on layer with layer_id (k+1). A value of 1 for
k'th bit of layer_dependency_mapli] indicates that the layer i depends on layer with
layer_id (k+1).

Referring to Figure 32 a modification of Figure 26 provides syntax for signaling
layer dependency information. FIG 28 is a variant syntax based on syntax in FIG 27.
New syntax element layer_dependency_information_pattern is defined.

layer_dependency information_pattern signals a pattern of 0 and 1 bits with the
length equal to vps_max_layers_minusl. A value of 0 for i'th bit indicates that the
layer with layer_id (i+1) is an independent layer. A value of 1 for i'th bit indicates that
the layer with layer_id (i+1) is a dependent layer which depends on one or more of
other layers.
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[0334]

[0335]

[0336]

[0337]

[0338]

{0339]

[0340]

[0341]

[0342]

[0343]

The values of NumDepLayers is equal to the sum of number of bits in the
layer_dependency_information_pattern having value of 1. Thus
[Math.13]

vps_max_layer_minusl-1

NumDeplLayers = Z1ayer_dependency_infomlation _pattern(k)
k=0

Syntax elements num_direct_ref_layers[i} and ref’ layer_id[i][j] are signaled only
when layer_dependency_information_pattern(i) has a value of 1. Where
layer_depdndency_information_pattern(i) is the i'th bit of the syntax clement
layer_dependency_pattern.

Referring to Figure 33 a modification of Figure 26 provides syntax for signaling
layer dependency information. FIG 29 is a variant syntax based on syntax in Figure 31.
New syntax element layer_dependency_information_pattern is defined.

layer_dependency_information_pattern signals a pattern of O and 1 bits with the
length equal to vps_max_layers_minusl. A value of U for i'th bit indicates that the
layer with layer_id (i+1) is an independent layer. A value of 1 for i'th bit indicates that
the layer with layer_id (i+1) is a dependent layer which depends on one or more of
other layers.

The values of NumDepLayers is equal to the sum of number of bits in the
layer dependency_information_pattern having value of 1. Thus
{Math.14]

vps_max_layer_minusl-1

NumDepLayers = Zlayer_dependency_infonnation _pattern(k)

k=0

layer_dependency_mapli] signals a pattern of 0 and 1 bits with the length cqual to
vps_max_layers_minus1. A value of 0 for k'th bit of layer_dependency_mapli]
indicates that the layer i does not depend on layer with layer_id (k+1). A value of 1 for
k'th bit of laycr_dependency_mapii] indicates that the layer i depends on layer with
layer_id (k+1). Syntax elements layer_dependency_map[i] is signaled only when
layer_dependency_information_pattern(i) has a value of 1. Where
layer depdndency_information_ pattern(i) is the i'th bit of the syntax element
layer_dependency_pattern.

In another embodiment layer_dependency_information_pattern syntax element may
be signaled as a set of 1 bit flag values. In this case a total of vps_max_layers_minus1
1 bit values will be signaled as:
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[Table 9]
for(i=1;i<=vps_max_layers_minus{ ; i++)
{
layer_dependency_information_pattern_flags|i];
}

[0344]  In another embodiment layer dependency_mapl|i] syntax element may be signaled as
a set of 1 bit flag values. In this case a total of vps_max_layers_minus1 1 bit values
will be signaled as:

[0345] [Table 10]

for(j = 1; j<= vps_max_layers_minus1 ; j++ )
{

layer_dependency_map_valuesliljl;
}

[0346]  In another embodiment one or more of the syntax elements
layer_dependency_information_pattern, layer_dependency_map may be signaled using
a known fixed number of bits instead of u(v). For example they could be signaled
using u{64).

[0347]  In another embodiment one or more of or more of the syntax elements
layer_dependency_information_pattern, layer_dependency_map may be signaled with
ue(v) or some other coding scheme.

[0348]  In another embodiment the names of various syntax elements and their semantics
may be altered by adding a plusl1 or plus2 or by subtracting a minus1 or a minus2
compared to the described syntax and semantics.

[0349] In yet another embodiment various syntax elements such as
laycr_dependency_information_pattern, layer_dependency_map,
layer_dependency_flag[i] etc. may be signaled per picture anywhere in the bitstream.
For example it may be signaled in slice header, pps/ sps/ vps/ aps or any other
parameter set or other normative part of the bitstrcam.

[0350]  As previously described, scalable video coding is a technique of encoding a video
bitstream that also contains one or more subset bitstreams. A subsct video bitstream
may be derived by dropping packets from the larger video to reduce the bandwidth
required for the subset bitstream. The subset bitstream may represent a lower spatial
resolution (smaller screen), lower temporal resolution (lower frame rate), or lower
quality video signal. For example, a video bitstream may include 5 subset bitstreams,

where each of the subset bitstreams adds additional content to a base bitstream.
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Hannuksela, et al., "Test Model for Scalable Extensions of High Efficiency Video
Coding (HEVC)" JCTVC-1.0453, Shanghai, October 2012, Chen, et al.,
"SHVC Draft Text 1," JCTVC-L1008, Geneva, March, 2013, and Wang, et al.,
"AHG9: On VPS and SPS in HEVC 3DV and scalable extensions,” JCTVC-MO0268,
Incheon, April 2013 are referenced herein.

[0351}  As previously described, multi-view video coding is a technique of encoding a video
bitstream that also contains one or more other bitstreams representative of alternative
views. For example, the multiple views may be a pair of views for stereoscopic video.
For example, the multiple views may represent multiple views of the same scene (rom
different vicwpoints. The multiple views generally contain a large amount of inter-
view statistical dependencies, since the images are of the same scene from different
viewpoints. Therefore, combined temporal and inter-view prediction may achieve
efficient multi-view encoding. For example, a frame may be cfficiently predicted not
only from temporally related frames, but also from the frames of neighboring
viewpoints. Hannuksela, et al., "Common specification text for scalable and multi-
view cxtensions,” JCTVC-L0452, Geneva, January 2013, and Tech, et. al. "MV-HEVC
Draft Text 3 (ISO/IEC 23008-2:201x/PDAM?2)," JCT3V-C1004_d3, Geneva, January 2013,
are referenced herein.

[0352] Chen, et al., "SHVC Draft Text 1," JCTVC-L1008, Geneva, January 2013,
Hannuksela, et al. "Test Model for Scalable Extensions of High Efficiency Video
Coding (HEVC)," JCTVC-L0453-spec-text, Shanghai, October 2012; and Hannuksela,
"Draft Text for Multiview Extension of High Efficiency Video Coding (HEVC),"
JCTVC-L0452-spec-text-r1, Shanghai, October 2012 are referenced herein.
JCTVC-1.0452 and JCTVC-L0453 each have the concept of output operation points.
This was later changed to the concept of output layer sets in JCTVC-L1008. For the syntax
elements num_output_operation_points, output_op_point_indexf], and
output_layer_flag[][] are defined for the output operation points for JCTVC-L0453 and
LCTVC-L0452, and modilied to num_output_layer_sets, output_layer_set_idx[],
and output_layer_flag[][] in JCTVC-L1008. In each of such documents, a layer dependency
change SEI message is defined. The SEI message allows signaling layer dependency

information changes starting with the current access unit containing the SEI message.

[0353]  Chen, et al., "SHVC Draft Text 1," JCTVC-L1008, Geneva, January 2013;
Hannuksela, et al. "Test Model for Scalable Extensions of High Efficiency Video
Coding (HEVC)," JCTVC-L0453-spec-text, Shanghai, October 2012; and Hannuksela,
"Draft Text for Multiview Extension of High Efficiency Video Coding (HEVC),”
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[0354]

[0355]

[0356]

[0357]

[0358]

[0359]

69

JCTVC-L0452-spec-text-r1, Shanghai, October 2012; each have an output order decoded
picture buffer (DPB) which operates based on using

sps_max_num_reorder pics[HighestTid],

sps_max_latency_increasc_plusi[HighestTid] and
sps_max_dec_pic_buffering[HighestTid] syntax elements for the output and removal

of pictures 0 from the DPB. This information is signaled in the video parameter set for
the base layer, which provides buffering information for the video content including

the enhancement layers, if any.

Referring to Figure 34, another example of a video parameter set is illustrated. In
particular, the video parameter set of Figure 34 includes reference to an associated
video paramelter set extension (vps_extension). The vps_extension may be signaled
with the vps_extension_[lag, the vps_extension2_flag, and/or the
vps_extension_data_flag.

Referring to Figurc 35, another example of a video parameter set extension is il-
lustrated. In particular, the video parameter set extension of Figure 35 includes
reference to num_output_layer_sets, which defines those layers of a sct of layers of a
bitstream that may be output to the viewer by the decoder. num_output_layer_sets
specifies the number of layer sets for which output layers are specified with
output_layer_sct_index[ i ] and output_layer_{lag[ 1sIdx ][ j ]. When not present, the
value of num_output_layer_sets is inferred to be equal to 0. A layer set describing
output layers is an output layer set.

The output_layer_set_idx][ i } specifies the index IsIdx of the layer set for which
output_layer_flag{ IsIdx][ j ] is present.

The output_layer_flag[ IsIdx ][ j ] equal to 1 specifies that the layer with
nuh_layer_id equal to j is a target output layer of the IsIdx-th layer set. A value of
outpul_layer_f{lag{ IsIdx ]{ j ] equal to O specifies that the layer with nuh_layer_id
equal Lo j is not a target output layer of the 1sldx-th layer set.

With the num_output_layer_sets being defined in the vps_extension in the manner
described, the num_output_layer_sets may be updated by sending a new video
parameter set together with a corresponding video parameter set extension. Unfor-
tunately, sending the ncw video parameter st together with the corresponding video
parameler set extension results in a signilicant reduction in the available bandwidth.
Additionally a new video parameter set could only be activated at certain picture types,
for example at Intra random access point picture types.

As an example, a bitstream may include a base layer 0 and four enhancement layers,
namely enhancement layer 1, enhancement layer 2, enhancement layer 3, and cn-
hancement layer 4. A first layer set may be base layer 0 and enhancement layer 1. A

second layer sct may be base layer 0, enhancement layer 1, and enhancement layer 2.
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A third layer set may be base layer 0, enhancement layer 1, and enhancement layer 3.
A fourth layer set may be base layer 0 and enhancement layer 4. The output layer sets
define the particular layers of a layer set that may be provided as an output. For
example, output layer set 1 may be layer 0 is an output and layer 1 is not an output. For
example, output layer set 2 may be layer 0 is an output, layer 1 is an output, and layer 2
is not output. For example, output layer set 3 may be layer O is not output, layer 1 is
not output, and layer 3 is output. For example, output layer set 4 may be layer 0 is
output and layer 4 is not output. A limited number of output layers is useful to ac-
commodate limited decoding capabilities. In some cases, it is desirable to disable some
dependencies between different layers to accommodate decoding other layers and/or
decoder capabilities. When some layer dependencies change it may likewise be
desirable to enable, disable, and/or add other layers as output layers. As an example
layer dependency change could require fewer layers to be decoded to decode a
particular target layer (e.g. a view in MV-HEVC). Thus a decoder could decode and
output a layer {e.g. and additional view) after a layer dependency change that it
previously could not due to its hardware limitation. Currently no mechanism exists to
allow signaling a change in the output layer sets without sending a new video
parameter set.

[0360]  Referring to Figure 36, a SEI message syntax may be used to facilitate changes of the
output layer sets, namely, output_layer sets_change(payloadSize). This SEI message
indicates that the output layer sets information changes starting with the current access
unit containing the SEI message and is interpreted with respect to the active video
parameter set. More than one video parameter set may be included with the bitstream,
and the active video parameter set is changed, as desired. When present, the output
layer sets change SEI message applies to the target access unit set that consists of the
current access unit and all the subsequent access units, in decoding order, until the next
output layer sets change SEI message or the end of the coded video sequence,
whichever is earlier in decoding order. Output layer scts change SEI messages
preferably do not have a cumulative effect.

[0361]  The 'active_vps_id' identifies an active video parameter set that contains the output
layer sets information to which the change or addition applied. The value of
active_vps_id is equal to the value of video_parameter_set_id of the active video
parameter set for the VCL NAL units of the access unit containing the SEI message.

[0362]  The 'num_changed_output_layer_sets' specifies the number of changed output layer
sets for which output layers are specified in vps extension section of the active video
parameter set identified by active_vps_id. The value of
num_changed_output_layer_sets should be in the range of 0 to num_output_layer_sets,

inclusive. When not present, the value of num_changed_output_layer_sets is inferred
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[0363]

[0364]

[0365]

[0366]

{0367]

[0368]

[0369]

[0370]

to be equal to 0.

The ‘changed_output_ layer_sets_idx_entry'[ i ] identifies the index entry in the list
of output layer set entries in the vps extension identified by active_vps_id for which
output_layer_flag[ clsldx ][ j ] change applies to. The value of
changed_output_layer_set_idx_entry[ i ] should be in the range of 0 to
num_output_layer_sets, inclusive. The changed_output_layer_sets_idx_entry{ i ] is not
equal to changed output_layer_sets_idx_entry[ j ] for any j not equal to i.

The 'output_layer_flag[ clsIdx ][ j ] equal to 1 specifies that the layer with
nuh_layer_id equal to j is a target output layer of the clsldx-th layer set. A value of
output_layer_flag| clsldx ][ j ] equal to O specifies that the layer with nuh_layer_id
cqual to j is not a target output layer of the clsldx-th layer set.

When output_layer_flag[ clsldx ][ j | is not present for clsldx in the range of 0 to
vps_num_layer_sets_minusl, inclusive and for j in the range of 0 to 63, inclusive,
output_layer_flag[ clsldx ][ j ] is inferred to be equal to ( j == LayerSetLayerIdList]
clsldx ][ NumLayersInIdList[ clsldx } - 1 ]). .

The 'num_addl_output_layer_sets' specifies the number of additional layer sets for
which output layers are specified with addl_output_layer_set_idx[ i ] and
output_layer_flag[ addlisldx ][ j ]. When not present, the value of
num_addl_output_layer_sets is inferred to be equal to 0. The 'addl_output_
layer_sets_idx'[ i ] identifies the index addllsldx of the layer set for which
output_layer flag[addllsldx][j] is present.

The ‘output_layer flag'[ addllsldx ][ j ] equal to 1 specifies that the layer with
nuh_layer id equal to j is a target output layer of the addllsIdx-th layer set. A value of
output_layer flag| addlisldx ][ j ] equal to O specifies that the layer with nuh_layer_id
equal to j is not a target output layer of the addllsIdx-th layer set.

When output_layer flag[ addllsIdx ][ j ] is not present for addlisIdx in the range of 0
to vps_num_layer_sets_minus], inclusive and for j in the range of 0 to 63, inclusive,
output_layer_{flag[ addllsldx ][ j ] is inferred to be equal to (j == LayerSetLay-
erldList[ addlisIdx ]{ NumLayersInIdList[ addllsIdx ] - 1]).

When output_layer_flag[ addllsIdx ]{ j ] is not present for addllsIdx in the range of O
to vps_num_layer_sets_minus], inclusive and for j in the range of 0 to 63, inclusive,
and when output_layer_flag[ clsIdx 1[ j ] is not present for clsldx in the range of 0 to
vps_num_layer_sets_minusl, inclusive and for j in the range of 0 to 63, inclusive,
output_layer_flag[ addllsIdx ][ j ] is inferred to be equal to (j == LayerSetLay-
erldList[ addllsIdx ][ NumLayersInIdList[ addlisIdx ] - 1] ).

When output_layer_flag[ addllsIdx I j ] is not present for addllsIdx in the range of 0
to vps_num_layer_sets_minus], inclusive and for j in the range of 0 to 63, inclusive,
and when output_layer_flag[ cIsldx ][ j | is not present for clsIdx in the range of 0 to
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[0371]

[0372]

[0373]

[0374]

[0375]

[0376]

[0377]

[0378]

[0379]

[0380]
[0381]

vps_num_layer_sets_minus]l, inclusive and for j in the range of 0 to 63, inclusive,
output_layer_flag[ clsIdx ][ j ] is inferred to be equal to ( j == LayerSetLayerIdList[
clsldx ][ NumLayersInIdListf clsldx J - 11]).

A target list of output layers may be derived, if desired. The target output layer
identifier list, targetOpLayerldList, specifies the list of nuh_layer_id values, in in-
creasing order of nuh_layer_id values which are output layers for the selected output
layer set may be derived as follows:

For a selected output layer set oLsIdx, a target output layer identifier list targetO-
pLayerIdList is derived as:

[Table 11]

for(k=0, numOutputLayers=0;k<=vps_max_layer_id;k++)

if(output_layer_flag[oLsldx][k])

targetOpLayerldListinumOutputLayers++]=layer_id_in_nuhk]

A target output layer set may be identified by the associated target output layer
identifier list targetOpLayerIdList.

The selected output layer set oLsldx is between 0 and num_output_layer_sets if there
are no output layer sets change SEI messages.

The selected ontput layer set oLsIdx is between 0 and num_output_layer_sets +
num_addl_output_layer_sets if there are output layer sets change SEI messages
present.

A target list of decoded layers may be derived, if desired. The target decoded layer
identifier list, targetDLayerldList, specifies the list of nuh_layer_id values, which need
to be decoded for the selected output layer set may be derived as follows:

For a selected output layer set oLsIdx, a target output layer identifier list targetO-
pLayerIdList is derived as:

[Table 12]

for(k=0, numOutputLayers=0;k<=vps_max_layer_id:k++)

if(output_layer_flag[oLsIdxj[k])

targetOpLayerldList [numOutputLayers++]=layer_id_in_nuh[k]

A target decoded layer identifier list targetDLayerldList may be derived as:
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[0382]

[0383]

[0384]

[0385]

[0386]

{0387]

[0388]

[0389]

[Table 13]

for(m=0, numDecodedLayers=0;m< numOutputLayers;m++) {

for(n=0;n<NumDirectReflLayers[l ayerldInVps[targetOpLayerldList{m
Iin++) {
iLid=ReflLayerld[LayerldinVps[targetOpLayerldList[m]]][n]
if(rLid not included in targetDLayerldList[0,...,
numDecodedLayers])

targetDLayerldList{numDecodedlLayers++]=rLId;

}

In some case the final targetDLayerIdList may be obtained by sorting the above tar-
getDLayerIdList in increasing order of nuh_layer id values.

A target decoded layer set 1s identified by the associated target decoded layer
identifier list targetDLayerIdList. In some case the targetDLayerldList may be same as
the layer identifier list TargetDecLayerldList from JCTVC-L1008, which specifies the
list of nuh_layer_id values, in increasing order of nuh_layer id values, of the NAL
units to be decoded:

The selected output layer set oLsIdx is between O and num_output_layer_sets if there
arc no output layer scts change SEI messages.

The selected output layer set ol.sIdx is between () and num_output_layer_sets +
num_addl_output_layer_sets if there are output layer sets change SEI messages
present.

Referring to Figure 37, another SEI message syntax may be used to facilitate the
change of the output layer sets, namely, output_layer_sets_change(payloadSize).

The ‘'num_deleted_output_layer_sets' specifies the number of output layer sets which
are deleted and so are no longer present. The value of num_deleted_output_layer_sets
is in the range of 0 to num_output_layer sets, inclusive. When not present, the value of
num_deleted_output_layer_sets is inferred to be equal to 0.

The 'deleted_output_layer_sets_idx_entry'[ i ] identifies the index entry in the list of
output layer set entries which is indicated to be deleted and so no longer present. The
value of deleted_output_layer_set_idx_entry[ i ] should be in the range of 0 to
num_output_layer_sets, inclusive. The deleted_output_layer_sets_idx_entry[ i] is not
equal to deleted_output_layer_sets_idx_entry[ j ] for any j not equal to i.

The 'num_changed_output_layer_sets' specifies the number of changed output layer
sets for which output layers are specified in vps extension section of the active video

parameter set identified by active_vps_id. The value of
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[0390]

[0391]

[0392]

[0393]

[0394]

[0395]

[0396]

[0397]

[0398]

[0399]

[0400]
[0401]

num_changed_output_layer_sets should be in the range of 0 to num_output_layer_sets
- num_deleted_output_layer_sets, inclusive. When not present, the value of
num_changed_output_layer_sets is inferred to be equal to 0.

A target list of output layers may be derived, if desired. The target output layer
identifier list, targetOpLayerldList, specifies the list of nuh_layer id values, in in-
creasing order of nuh_layer_id values which are output layers for the selected output
layer set may be derived as follows:

For a selected output layer set oLsIdx, a target output layer identifier list targetO-
pLayerIdList is derived as:

[Table 14]

for(k=0, numOutputlayers=0;k<=vps_max_layer_id;k++)

f(output_Tayer_flagloLsIax][K)

targetOplLayerldList [numOutputLayers++]=layer_id_in_nuh[k]

A target output layer set is identified by the associated target output layer identifier
list targetOpLayerIdList.

The selected output layer set oLsIdx is between 0 and num_output_layer_sets if there
are no output layer sets change SEI messages.

The selected output layer set oLsldx is between 0 and num_output_layer_sets -
num_deleted_output_layer_sets + num_addl_output_layer_sets if there are output layer
sets change SEI messages present.

A target list of decoded layers may be derived, if desired.

A target decoded layer identifier list, TargetDLayerldList, specifies the list of
nuh_layer_id values, which need to be decoded for the selected output layer sct may be
derived as follows:

For a selected output layer set oLsldx, a target output layer identifier list targetO-
pLayerldList may be derived as:

[Table 15]

for(k=0, numOutputl.ayers=0;k<=vps_max_layer_id;k++)

if(output_layer_flag[oLsldx][K])

targetOpLayerldList [numQutputLayers++]=layer_id_in_nuh(k]

Then a target decoded layer identifier list targetDLayerIdList may be derived as:
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[0402]

[0403]

[0404]

[0405]

[0406]

[0407]

[0408]

[0409]

[Table 16]

for{m=0, numDecodedLayers=0;m< numCutputLayers;m++) {

for(n=0;n<NumbDirectRefl ayers|LayerldInVps[targetOpLayerldListim
IEn++) {
rLid=ReflLayerld[LayerldIinVps[targetOpLayerldListim]]][n]
if(rLid not inciuded in targetDLayerldList[0
numDecodedLayers])

,,,,,

targetDLayerldListinumDecodedLayers++]=rLId;

}

In some case the final targetDLayerIdList may be obtained by sorting the above tar-
getDLayerldList in increasing order of nuh layer id values.

A target decoded layer set is identified by the associated target decoded layer
identifier list targetDLayerldList. In some case the targetDLayerIdList may be same as
the layer identifier list TargetDecLayerIdList from JCTVC-L1008, which specifies the
list of nuh_layer_id values, in increasing order of nuh_layer_id values, of the NAL
units to be decoded:

The selected output layer set olsIdx is between () and num_output_layer_sets if there
are no output layer sets change SEI messages.

The selected output layer set oLsIdx is between 0 and num_output_layer_sets -
num_deleted_output_layer_sets + num_addl_output_layer_sets if there are output layer
sets change SEI messages present.

The output layer sets change SEI message is defined such that its effect is not cu-
mulative. In another embodiment this message syntax and/or semantics can be defined
such that they are cumulative. In this case the decoder (and encoder) can keep track of
the all the previous values of num_output_layer_sets (from vps extension) and/ or
num_deleted_output_layer_sets and/ or num_changed_output_layer_sets and/ or
num_addl output_layer sets and can accumulate these changes every time a new SEI
message is signaled.

In another embodiment one or more of the syntax elements may be signaled using a
known fixed number of bits instead of u(v) instead of ue(v). For example they could be
signaled using u(8) or u(16) or u(32) or u(64), etc..

In another embodiment one or more of these syntax element could be signaled with
ue(v) or some other coding scheme instead of fixed number of bits such as u(v) coding.

In another embodiment the names of various syntax elements and their semantics

may be altered by adding a plusl or plus2 or by subtracting a minus1 or a minus2
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compared to the described syntax and semantics.

[0410]  In yet another embodiment various syntax elements included in the output layer sets
SEI message may be signaled per picture or at other frequency anywhere in the
bitstream. For example they may be signaled in slice segment header, pps/ sps/ vps/
adaptation parameter set or any other parameter set or other normative part of the
bitstream.

[0411]  In yet another embodiment various syntax elements may be signaled per picture or at
other frequency anywhere in the bitstream. For example they may be signaled in slice
segment header, pps/ sps/ vps/ adaptation parameter set or any other parameter set or
other normative part of the bitstream.

[0412] In yet another embodiments all the concepts defined in this invention related to
output layer sets could be applied to output operation points as defined in JCTVC-
10452 and JCTVC-L0453 and/ or to operation points as defined in JCTVC-L1003.

Example 2

[0413]  Another example of the present invention is described below. Note that, for con-
venience, members having functions identical to those of the respective members il-
lustrated in the First Example are given respective identical reference numerals, and a
description of those members is omitted here.

[0414] It was determined that signaling the output order decoded picture buffer (DPB) based
on using sps_max_num_reorder_pics[HighestTid],
sps_max_latency_increase_plus1[HighestTid] and
sps_max_dec_pic_buffering[HighestTid] syntax elements for the output and removal
of pictures from the DPB docs not account for the buffer characteristics that may result
from scalable video coding, such as when different numbers of enhancement layers are
used which tends to vary after the content has been encoded based upon the user's
viewing preferences, and the multi-view enhancement layers which tends to vary after
the content has been encoded based upon the user's viewing preferences. Also it was
determined that signaling the output order decoded picture buffer (DPB) based on
using sps_max_num_reorder_pics{HighestTid],
sps_max_latency_increase_plus1[HighestTid] and
sps_max_dec_pic_buffering[HighestTid] syntax elements for the output and removal
of pictures from the DPB may not be optimal in terms of the memory usage of the
DPB when decoder operates at a certain operation point and/ or is outputting selected
output layer set. To accommodate such differences in the viewing preferences, the
output order decoded picture buffer (DPB) may further and/or alternatively be based
upon such syntax elements being included together with the video parameter set

extension (VPS extension) to provide syntax elements for one or more of the en-
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hancement layers. In this manner the syntax elements may be selected to be especially
suitable for the particular operation point or output layer set, which tends to correspond
to the user's viewing preferences.

[0415]  The DPB buffering related parameters, vps_max_dec_pic_buffering_minusl,
vps_max_num_reorder_pics, vps_max_latency_increase_plusl may be signaled for
sub-layers for the CVS for one or more operation points and/or for output layer sets in
VPS extension. Similarly, the system may define the operation and bumping process
for the output order DPB to use the above signalled DPB buffering parameters from
the VPS extension if they are signalled for the operation point under test or for the
selected output layer set. Otherwise the corresponding SPS level parameters from the
active SPS (when currLayerld which corresponds to nuh_layer_id of the current
picture is equal to 0) or from the active layer SPS depending upon the layer_id of the
current layer are used. In some cases the parameters
vps_max_dec_pic_buffering_minusl, vps_max_num_reorder_pics,
vps_max_latency_increase_plusl may be termed as
max_vps_dec_pic_buffering_minusl, max_vps_num_reorder_pics,
max_vps_latency_increase_plusl.

[0416]  In another case the DPB buffering related parameter
max_vps_dec_pic_buffering minusl is signaled for sub-layers for the CVS for one or
more output layer sets in VPS extension. The output layer sets may correspond to
operating points. The DPB buffering related parameters max_vps_num_reorder_pics,
max_vps_latency_increase_plusl may be signaled for sub-layers for the CVS for each
layer in VPS extension. Similarly, the system may define the operation and bumping
process for the output order DPB to use the above signalled DPB buffering parameters
from the VPS extension if they are signalled for the operation point under test or for
the selected output layer set. Otherwise the corresponding SPS level parameters from
the active SPS (when currLayerld which corresponds to nuh_layer id of the current
picture is equal to 0) or from the active layer SPS depending upon the layer_id of the
current layer are used.

[0417]  Referring to Figure 38 A, an exemplary modified vps_extension is illustrated. The
modified vps extension includes new syntax, namely, num_op_dpb_info_parameters
and operation_point_layer_set_idx{i]. This modified vps extension may be defined in
terms of the operation point which is a bitstream created from another bitstream by
operation of a sub-bitstream extraction process with the another bitstream, a target
highest Temporalld, and a target layer identifier list as inputs.

[0418] num_output_layer_sets specifies the number of layer sets for which output layers are
specified with output_layer_set_index[ i ] and output_layer_flag[ IsIdx ][ j }. When not

present, the value of num_output_layer_sets is inferred to be equal to 0. A layer set de-
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[0419]

[0420]

[0421]

[0422]

[0423]

[0424]

[0425]

[0426]

scribing output layers is an output layer sect.

output_layer_set_idx[ i ] specifies the index IsIdx of the layer sct for which
output_layer_flag[ 1sIdx][ j ] is present.

output_layer_flag[ 1sIdx ][ j ] equal to 1 specifies that the layer with nuh_layer id
equal to j is a target output layer of the IsIdx-th layer set. A value of output_layer_flag[
IsIdx ][ j ] equal to O specifies that the layer with nuh_layer_id equal to j is not a target
output layer of the lsIdx-th layer set.

The num_op_dpb_info_parameters specifies the number of op_dpb_parameters( )
syntax structures present in the VPS extension RBSP, defined in terms of the operation
point. The num_op_dpb_info_parameters decoders is in the range of 0 to
vps_num_layer_sets_minus]1, inclusive.

The operation_point_layer_set_idx[ 1 ] specifies the index, into the list of layer sets
defined by operation points to which the i th op_dpb_info_parameters( ) syntax
structure in the VPS extension applies. The value of operation_point_layer_set_idx|i]
may be in the range of 0 to vps_num_layer_sets_minus1, inclusive. For bitstream con-
formance the operation_point_layer_set_idx| i ] is not equal to
operation_point_layer_set_idx[ j ] for any j not equal to 1.

Referring to Figure 39A, the op_dpb_info_parameters specifies
vps_max_sub_layers_minusl[ j ], vps_sub_layer ordering info_present flag[ j |,
vps_max_dec_pic_buffering_minusi[j] [k ], vps_max_num_reorder_pics[ j | [ k],
and vps_max_latency_increase_plus1[j ][k ].

The vps_max_sub_layers_minusl[ j ] plus 1 indictes how many sub layers are
included. The vps_max_sub_layers_minus1]{ j | plus 1 specifies the maximum number
of temporal sub-layers that may be present in the CVS for layer with nuh_layer_id
equal to j. The value of vps_max_sub_layers_minusl1[ j ] is in the range of O to 6,
inclusive.

The vps_sub_layer_ordering_info_present_flag[ j } indicates whether the syntax is
for one set including all layers or for each individual layer. The
vps_sub_layer_ordering_info_present_flag|[ j ] equal to 1 specifies that
vps_max_dec_pic_buffering_minus1{ j | k ], vps_max_num_reorder_pics[ j ][ k ], and
vps_max_latency_increase_plus1[ j ][ k ] are present for layer with nuh_layer_id equal
to j for vps_max_sub_layers_minusl[ j] + 1 sub-layers. The
vps_sub_layer_ordering_info_present_flag[ j ] equal to O specifies that the values of
vps_max_dec_pic_buffering_minus1[ j I[ vps_max_sub_layers_minus1[j}],
vps_max_num_reorder_pics[ j ][ vps_max_sub_layers_minus1[ j ] ], and
vps_max_latency_increase_plusl{ j ][ vps_max_sub_layers_minus1[ j ] ] apply to all
sub-layers for layer with nuh_layer_id equal to j.

The vps_max_dec_pic_buflering_minus1[j ][ k | plus 1 specifies the maximum
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[0427]

[0428]

[0429]

[0430]

[0431]

[0432]

[0433]

required size of the decoded picture buffer for the CVS for layer with nuh_layer_id
equal to j in units of picture storage buffers when HighestTid is equal to k. The value
of vps_max_dec_pic_buffering minus1{ j ][ k ] shall be in the range of 0 to
MaxDpbSize - 1 (as specified in subclause A.4), inclusive. When k is greater than 0,
vps_max_dec_pic_buffering_minusl[ j ][ k ] shall be greater than or equal to
vps_max_dec_pic_buffering_minusi[j ][ k- I ]. When
vps_max_dec_pic_buffering_minusl1[ j ][ k ] is not present for k in the range of O to
vps_max_sub_layers_minusl[ j | - 1, inclusive, due to
vps_sub_layer_ordering_info_present_flag[ j ] being equal to 0, it is inferred to be
equal to vps_max_dec_pic_buffering minus1[j ] [ vps_max_sub_layers_minus1{j]].

The vps_max_num_reorder_pics[ j ][ k ] indicates the maximum allowed number of
pictures that can precede any picture in the CVS for layer with nuh_layer_id equal to j
in decoding order and follow that picture in output order when HighestTid is equal to
k. The value of vps_max_num_rcorder_pics| j ][ k ] shall be in the range of O to
vps_max_dec_pic_buffering_minusl[ j ][ k ], inclusive. When k is greater than 0,
vps_max_num_reorder_pics| j ][ k ] is greater than or equal to
vps_max_num_reorder_pics[ j ][ k- 1 ]. When vps_max_num_reorder_pics{ j ][ k ] is
not present for k in the range of 0 to vps_max_sub_layers_minusl[ j] - 1, inclusive,
due to vps_sub_layer ordering info_present_flag[ j ] being equal to 0, it is inferred to
be equal to vps_max_num_reorder_pics] j ][ vps_max_sub_layers_minus1[j]].

The vps_max_latency_increase_plusl[ j ][ k ] not equal to 0 is used to compute the
value of VpsMaxLatencyPictures[ j ][ k ], which specifies the maximum number of
pictures that can precede any picture in the CVS for layer with nuh_layer_id equal to j
in output order and follow that picture in decoding order when HighestTid is equal to
k.

When vps_max_latency_increase_plus1[ j ][ k ] is not equal to 0, the value of Vps-
MaxLatencyPictures[ j ][ k ] may be specified as follows:

VpsMaxLatencyPictures[ j ][ k ] = vps_max_num_reorder_pics[j ][ k] +
vps_max_latency_increase_plus1[j][k]-1

When vps_max_latency_increase plusl[j 1[ k ] is equal to 0, no corresponding limit
is expressed.

The value of vps_max_latency_increase_plusl[j ][ k ] is in the range of 0 to 232 - 2,
inclusive. When vps_max_latency_increase_plus1[ j ][ k] is not present for k in the
range of O to vps_max_sub_layers_minus1[j ] - 1, inclusive, due to
vps_sub_layer_ordering_info_present flag[ j ] being equal to 0, it is inferred to be
cqual to vps_max_latency_increase_plus1] j ][ vps_max_sub_layers_minus1[j]].

The 'vps_max_sub_layers_minus1'{ id ] [ j ] plus I specifies the maximum number of

temporal sub-layers that may be present in the CVS for layer with nuh_layer_id equal
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to j for the operation point associated with index id. The value of
vps_max_sub_layers_minusl1[ id ][ j ] shall be in the range of O to 6, inclusive.

[0434]  The 'vps_sub_layer ordering info present flag'[id ][ j ] equal to 1 specifies that
vps_max_dec_pic_buffering_minusl[ id ][ j ][ k ], vps_max_num_reorder_pics[ id ][ j
1k 1, and vps_max_latency_increase _plusl[id ][ j }[ k ] are present for layer with
nuh_layer_id equal to j for the operation point associated with index id for
vps_max_sub_layers_minusl[ id ][ j ] + 1 sub-layers.

[0435]  vps_sub_layer ordering info_present_flag[ id ][ j ] equal to O specifies that the
values of vps_max_dec_pic_buffering _minusl[ id ][ j ][ vps_max_sub_layers_minus1[
id][j 1], vps_max_num_reorder pics[ id ][ j ][ vps_max_sub_layers_minus1[ id ][ j ]
I, and vps_max_latency_increase_plus1[ id ][ j }[ vps_max_sub_layers_minus1[id ][ j
] } apply to all sub-layers for layer with nuh_layer_id equal to j for the operation point
associated with index id.

[0436] The 'vps_max_dec_pic_buffering minus1] id J| j ]| k ] plus 1 specities the
maximum required size of the decoded picture buffer for the CVS for layer with
nuh_layer_id equal to j for the operation point associated with index id in units of
picture storage buffers when HighestTid is equal to k. The value of
vps_max_dec_pic_buffering_minus1[ id ][ j ][ k ] shall be in the range of 0 to
MaxDpbSize - 1 (as specified in subclause A.4), inclusive. When k is greater than 0,
vps_max_dec_pic_buffering_minusl[id J[ j ][ k ] shall be greater than or equal to
vps_max_dec_pic_buffering_minus1[id ]J{j ][k - 1 ]. When
vps_max_dec_pic_buffering_minusl[ id ][ j ][ k ] is not present for k in the range of 0
to vps_max_sub_layers_minus1[id ][ j] - 1, inclusive, due to
vps_sub_layer_ordering info_present_flag[ id ][ j ] being equal to 0, it is inferred to be
equal to vps_max_dec_pic_buffering_minusl[ id ][ j ][ vps_max_sub_layers_minus1[
difjll

[0437]  The 'vps_max_num_reorder_pics'[ id ][ j ][ k ] indicates the maximum allowed
number of pictures that can precede any picture in the CVS for layer with nuh_layer_id
equal to j for the operation point associated with index id in decoding order and follow
that picture in output order when HighestTid is equal to k. The value of
vps_max_num_reorder_pics[ id ][ j ][ k ] shall be in the range of 0 to
vps_max_dec_pic_buftering_minus1[id ][ j ][ k ], inclusive. When k is greater than 0,
vps_max_num_reorder_pics| id ][ j ][ k ] shall be greater than or equal to
vps_max_num_reorder_pics[ id ][ j I[ k- 1 ]. When vps_max_num_reorder_pics[ id [ j
1[ k ] is not present for k in the range of 0 to vps_max_sub_layers_minus1[id ]{j]- 1,
inclusive, due to vps_sub_layer_ordering_info_present_flag[ id ][ j ] being equal to 0,
it is inferred to be equal to vps_max_num_reorder_pics[ id ][ j ]{

vps_max_sub_layers_minus1[id ]J[j]].
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[0438]  'The 'vps_max latency_increase_plusl'[ id ][] ][ k ] not equal to O is used to
computc the valuc of VpsMaxLatencyPictures| id ][ j ][ k ], which specifies the
maximum number of pictures that can precede any picture in the CVS for layer with
nuh_layer_id equal to j for the operation point associated with index id in output order
and follow that picture in decoding order when HighestTid is equal to k.

[0439]  When vps_max_latency_increase_plusi[ id ][ j ][ k ] is not equal to 0, the value of
VpsMaxLatencyPictures| id }{ j ][ k ] is specified as follows:

[0440]  VpsMaxLatencyPictures[ id ][ j ][ k ] = vps_max_num_reorder_pics[id ][ j ][ k] +
vps_max_latency_increase_plus1[id ][j][k]- 1

[0441]  When vps_max_latency_increase_plus1[ id ][ j ][ k ] is equal to 0, no corresponding
limit is expressed.

[0442]  The value of vps_max_latency_increase plusl[id ][ j ][ k ] shall be in the range of 0
to 232 - 2, inclusive. When vps_max_latency_increase _plus1{ id ][ j ][ k] is not present
for k in the range of 0 to vps_max_sub_layers_minus1{id ][ j] - 1, inclusive, due to
vps_sub_layer_ordering_info_present_flag[ id ][ j ] being equal to 0, it is inferred to be
equal to vps_max_latency_increase_plus1[ id ][ j [ vps_max_sub_layers_minusi[ id ][
il

[0443]  Referring to Figure 39 B, the op_dpb_info_parameters may be further modified as
shown to op_dpb_info_parameters(id,j). In this case the syntax of VPS extension may
be as illustrated in Figure 38B. The hypothetical reference decoder (HRD) is used to
check bitstream and decoder conformance. Two types of bitstreams or bitstream
subsets are subject to HRD conformance checking for the Joint Collaborative Team on
Video Coding (JCT-VC). The first type, called a Type I bitstream, is a NAL unit
stream containing only the VCL NAL units and NAL units with nal_unit_type equal to
FD_NUT (filler data NAL units) for all access units in the bitstream. The second type,
called a Type II bitstream, contains, in addition to the VCL NAL units and filler data
NAL units for all access units in the bitstream, at least one of (a) additional non-VCL
NAL units other than filler data NAL units, and (b) all leading_zero_8bits, zero_byte,
start_code_prefix_one_3bytes, and trailing_zero_8bits syntax elements that form a
byte stream from the NAL unit stream.

[0444]  The syntax clements of non-VCL NAL units (or their default values for some of the
syntax elements), required for the HRD, are specified in the semantic subclauses of
clause 7, Annexes D and E.

[0445]  Two types of HRD parameter sets (NAL HRD parameters and VCL HRD pa-
rameters) are used. The HRD parameter sets are signalled through the hrd_parameters(
) syntax structure, which may be part of the SPS syntax structure or the VPS syntax
structure.

[0446]  Multiple tests may be needed for checking the conformance of a bitstream, which is
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referred to as the bitstream under test. For each test, the following steps apply in the
order listed:

[0447] (1) An operation point under test, denoted as TargetOp, is selected. The layer
identifier list OpLayerIdList of TargetOp consists of the list of nuh_layer id values, in
increasing order of nuh layer id values, present in the bitstream subset associated with
TargetOp, which is a subset of the nuh_layer id values present in the bitstream under
test. The OpTid of TargetOp is equal to the highest Temporalld present in the
bitstream subset associated with TargetOp.

[0448]  (2) TargetDecLayerIdList is set equal to OpLayerIdList of TargetOp, HighestTid is
set equal to OpTid of TargetOp, and the sub-bitstream extraction process as specified
in clause 10 is invoked with the bitstream under test, HighestTid, and TargetDecLay-
erldList as inputs, and the output is assigned to BitstreamToDecode.

[0449]  (3) The hrd_parameters( ) syntax structure and the sub_layer_hrd_parameters( )
syntax structure applicable to TargetOp are selected. If TargetDecLayerldList contains
all nuh_layer_id values present in the bitstream under test, the hrd_parameters( )
syntax structure in the active SPS (or provided through an external means not specified
in this Specification) is selected. Otherwise, the hrd_parameters( ) syntax structure in
the active VPS (or provided through some external means not specified in this Speci-
fication) that applies to TargetOp is selected. Within the selected hrd_parameters( )
syntax structure, if BitstreamToDecode is a Type I bitstream, the
sub_layer_hrd_parameters( HighestTid ) syntax structure that immediately follows the
condition "if( vcl_hrd_parameters_present_flag )" is selected and the variable NalHrd-
ModeFlag is set equal to 0; otherwise (BitstreamToDecode is a Type II bitstream), the
sub_layer_hrd_parameters( HighestTid ) syntax structure that immediately follows
either the condition "if( vcl_hrd_parameters_present_flag )" (in this case the variable
NalHrdModeFlag is set equal to 0) or the condition "if(
nal_hrd_parameters_present_flag )" (in this case the variable NalHrdModeFlag is set
equal to 1) is selected. When BitstreamToDecode is a Type II bitstream and NalHrd-
ModeFlag is equal to 0, all non-VCL NAL units except filler data NAL units, and all
leading_zero 8bits, zero_byte, start_code_prefix_one_3bytes, and trailing_zero_8bits
syntax elements that form a byte stream from the NAL unit stream (as specified in
Annex B), when present, are discarded from BitstreamToDecode, and the remaining
bitstream is assigned to BitstreamToDecode.

[0450]  In another case Multiple tests may be needed for checking the conformance of a
bitstream, which is referred to as the bitstream under test. For each test, the following
steps apply in the order listed:

(04511 (1) An output layer set under test, denoted as TargetOpLs is selected. The operation
point referred in TargetOpLs by output_layer set_idx[] identifies the operation point
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under test. The output layer identifier list OpLayerldList of TargetOpLs consists of the
list of nuh_layer_id values, in increasing order of nuh_layer_id values, present in the
bitstream subset associated with TargetOp and TargetOpLs, which is a subset of the
nuh_layer_id values present in the bitstream under test. The OpTid of TargetOp is
equal to the highest Temporalld present in the bitstream subset associated with
TargetOp.

[0452]  (2) TargetDecLayerldList is set equal to target decoded layer identifier list targetD-
LayerldList for the selected output layer set TargetOpLs, HighestTid is set equal to
OpTid of TargetOp, and the sub-bitstream extraction process as specified in clause 10
is invoked with the bitstream under test, HighestTid, and TargetDecLayerIdList as
inputs, and the output is assigned to BitstreamToDecode.

[0453]  (3) The hrd_parameters( ) syntax structure and the sub_layer_hrd_parameters( )
syntax structure applicable to TargetOp are selected. If TargetDecLayerIdList contains
all nuh_layer_id values present in the bitstream under test, the hrd_parameters( )
syntax structure in the active SPS (or provided through an external means not specified
in this Specification) is selected. Otherwise, the hrd_parameters( ) syntax structure in
the active VPS (or provided through some external means not specified in this Speci-
fication) that applies to TargetOp is selected. Within the selected hrd_parameters( )
syntax structure, if BitstreamToDecode is a Type [ bitstream, the
sub_layer_hrd parameters( HighestTid ) syntax structure that immediately follows the
condition "if( vcl_hrd_parameters_present_flag )" is sclccted and the variable NalHrd-
ModeFlag is set equal to 0; otherwise (BitstreamToDecode is a Type 11 bitstream), the
sub_layer_hrd_parameters( HighestTid ) syntax structure that immediately follows
either the condition "if{ vel_hrd_parameters_present_flag )" (in this case the variable
NalHrdModeFlag is set equal to 0) or the condition "if(
nal_hrd_parameters_present_flag )" (in this case the variable NalHrdModeFlag is set
equal to 1) is selected. When BitstreamToDecode is a Type H bitstream and NalHrd-
ModeFlag is equal to 0, all non-VCL NAL units except filler data NAL units, and all
leading_zero_8bits, zero_byte, start_code_prefix_one_3bytes, and trailing_zero_8bits
syntax elements that form a byte stream from the NAL unit stream (as specified in
Annex B), when present, are discarded from BitstreamToDecode, and the remaining
bitstream is assigned to BitstreamToDecode.

[0454] A conforming decoder may fulfil all requirements specified in this subclause.

[0455] (1) A decoder claiming conformance to a specific profile, tier and level shall be able
to successfully decode all bitstreams that conform to the bitstream conformance re-
quirements specified in subclause C.4, in the manner specified in Annex A, provided
that all VPSs, SPSs and PPSs referred to in the VCL NAL units, and appropriate

buffering period and picture timing SEI messages are conveyed to the decoder, in a
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timely manner, either in the bitstream (by non-VCL NAL units), or by external means
not specified in this Specification.

[0456] (2) When a bitstream contains syntax elements that have values that are specified as
reserved and it is specified that decoders shall ignore values of the syntax elements or
NAL units containing the syntax elements having the reserved values, and the
bitstream is otherwise conforming to this Specification, a conforming decoder shall
decode the bitstream in the same manner as it would decode a conforming bitstream
and shall ignore the syntax elements or the NAL units containing the syntax clements
having the reserved values as specified.

[0457]  There are two types of conformance of a decoder: output timing conformance and
output order conformance.

[0458]  To check conformance of a decoder, test bitstreams conforming to the claimed
profile, tier and level, as specified in subclause C.4 are delivered by a hypothetical
stream scheduler (HSS) both to the HRD and to the decoder under test (DUT). All
cropped decoded pictures output by the HRD shall also be output by the DUT, each
cropped decoded picture output by the DUT shall be a picture with PicOutputFlag
equal to 1, and, for each such cropped decoded picture output by the DUT, the values
of all samples that are output shall be equal to the values of the samples produced by
the specified decoding process.

[0459]  For output timing decoder conformance, the HSS operates as described above, with
delivery schedules selected only from the subset of values of SchedSelldx for which
the bit rate and CPB size are restricted as specified in Annex A for the specified
profile, tier and Ievel, or with "interpolated” delivery schedules as specificd below for
which the bit rate and CPB size are restricted as specified in Annex A. The same
delivery schedule is used for both the HRD and the DUT.

[0460]  When the HRD parameters and the buffering period SEI messages are present with
cpb_cnt_minus1[ HighestTid | greater than 0, the decoder shall be capable of decoding
the bitstream as delivered from the HSS operating using an "interpolated"” delivery
schedule specified as having peak bit rate r, CPB size c¢(r ), and initial CPB removal
delay

[0461] [Math.15]

(f)+1)

as follows:
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[Table 17]
= (1 - BitRate] SchedSelldx - 1]) + ( BitRate] SchedSelldx ] - BitRate] SchedSelldz 1), €-22)
(£} = & * CpbSize] SchedSelldx ]+ (1 —a) * CpbSize[ SchedSellds —1 ], (C-23)
f{(x )= &+ InitCpbRemovalDelay] SchedSelldx | * BitRate] SchedSelldx ] +
{1 - o)+ nCpbRemovalDelayf SchedSelldx — 1 | * BitRate[ SchedSelidz—1] €24
[0462]  for any SchedSelldx > 0 and r such that BitRate[ SchedSelldx - 1 ] <=r <= BitRate[

[0463]

[0464]
[0465]

[0466]

[0467]

SchedSelldx ] such that r and c( r ) are within the limits as specified in Annex A for the
maximum bit rate and buffer size for the specified profile, tier and level. The InitCp-
bRemovalDelay| SchedSelldx ] can be different from one buffering period to another
and have to be re-calculated.

For output timing decoder conformance, an HRD as described above is used and the
timing (relative to the delivery time of the first bit) of picture output is the same for
both the HRD and the DUT up to a fixed delay.

For output order decoder conformance, the following applies:

(1) The HSS delivers the bitstream BitstreamToDecode to the DUT "by demand”
from the DUT, meaning that the HSS delivers bits (in decoding order) only when the
DUT requires more bits to proceed with its processing. This means that for this test,
the coded picture buffer of the DUT could be as small as the size of the largest
decoding unit.

{2) A modified HRD as described below is used, and the HSS delivers the bitstream
to the HRD by one of the schedules specified in the bitstream BitstreamToDecode such
that the bit rate and CPB size are restricted as specified in Annex A. The order of
pictures output shall be the same for both the HRD and the DUT.

(3) The HRD CPB size is given by CpbSize[ SchedSelldx ] as specified in subclause
E.2.3, where SchedSelldx and the HRD parameters are selected as specified in
subclause C.1. The DPB size is given by sps_max_dec_pic_buffering_minus1{
HighestTid ] + 1 from the active SPS (when nuh_layer_id for the current decoded
picture is equal to 0) or from the active layer SPS for the value of nuh_layer_id of the
current decoded picture. In some cases, if operation point DPB information parameters
op_dpb_info_parameters() are present for the selected output layer set, The DPB size
is given by vps_max_dec_pic_buffering minus![ HighestTid ] when currLayerld is
equal to 0 or is set to vps_max_dec_pic_buffering minusi[ CurrLayerld ][ HighestTid
| for the currLayerld for the operation point under test when currLayerld is greater than
0, where currLayerld is the nuh_layer_id of the current decoded picture. Otherwise if
operation point DPB information parameters op_dpb_info_parameters() are not present
for the operation point under test, the DPB Size is given by
sps_max_dec_pic_buffering_minus1{ HighestTid ] + 1 from the active SPS (when
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[0468]

[0469]

[0470]

[0471]

[0472]
[0473]

[0474]

[0475]

nuh_layer_id for the current decoded picture is equal to 0) or from the active layer SPS
for the value of nuh_layer_id of the current decoded picture.

In some cases, if output layer sets DPB information parameters
oop_dpb_info_parameters() are present for the selected output layer set, The DPB size
is given by vps_max_decc_pic_buffering_minus1[ HighestTid | when currLayerld is
equal to 0 or is set to vps_max_dec_pic_buffering_minus1[ CurrLayerld ][ HighestTid
} for the currLayerld for the selected output layer set, where currLayerld is the
nuh_layer_id of the current decoded picture. Otherwise if output layer sets DPB in-
formation parameters oop_dpb_info_parameters() are not present for the selected
output layer set, the DPB Size is given by sps_max_dec_pic_buffering_minus1|
HighestTid ] + 1 from the active SPS (when nuh_layer_id for the current decoded
picture is equal to 0) or from the active layer SPS for the value of nuh_layer_id of the
current decoded picture.

The removal time from the CPB for the HRD is the final bit arrival time and
decoding is immediate. The operation of the DPB of this HRD is as described in
subclauses C.5.2 through C.5.2.3.

The decoded picture buffer contains picture storage buffers. The number of picture
storage buffers for nuh_layer_id equal to O is derived from the active SPS. The number
of picture storage buffers for each non-zero nuh_layer_id value is derived from the
active layer SPS for that non-zero nuh_layer_id value. Each of the picture storage
buffers contains a decoded picture that is marked as "used for reference" or is held for
future output. The process for output and removal of pictures from the DPB as
specified in subclause F.13.5.2.2 is invoked, followed by the invocation of the process
for picture decoding, marking, additional bumping, and storage as specified in
subclause F.13.5.2.3. The "bumping” process is specified in subclause F.13.5.2.4 and is
invoked as specified in subclauses F.13.5.2.2 and F.13.5.2.3.

The output and removal of pictures from the DPB before the decoding of the current
picture (but after parsing the slice header of the first slice of the current picture)
happens instantaneously when the first decoding unit of the access unit containing the
current picture is removed from the CPB and proceeds as follows.

The decoding process for RPS as specified in subclause 8.3.2 is invoked.

(1) If the current picture is an IRAP picture with NoRaslOutputFlag equal to 1 and
with nuh_layer_id equal to 0 that is not picture 0, the following ordered steps are
applied:

(A) The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as
follows:

(1) If the current picture is a CRA picture, NoOutputOfPriorPicsFlag is set equal to 1
(regardless of the value of no_output_of_prior_pics_flag).
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[0476]

[0477]

[0478]

[0479]

[0480]

[0481]

[0482]

[0483]

(i1) Otherwise, if the value of pic_width_in_luma_samples,
pic_height_in_luma_samples, or sps_max_dec_pic_buffering_minus1[ HighestTid ]
derived from the active SPS is different from the value of pic_width_in_luma_samples,
pic_height_in_luma_samples, or sps_max_dec_pic_buffering minus1| HighestTid ],
respectively, derived from the SPS active for the preceding picture, NoOutputOfPrior-
PicsFlag may (but should not) be set to 1 by the decoder under test, regardless of the
value of no_output_of_prior_pics_flag. Although setting NoOutputOfPriorPicsFlag
equal to no_output_of_prior_pics_flag is preferred under these conditions, the decoder
under test is allowed to set NoOutputOfPriorPicsFlag to 1 in this case.

(iii) Otherwise, NoOutputOfPriorPicsFlag is set equal to
no_output_of prior_pics_flag.

(B) The value of NoOutputOfPriorPicsFlag derived for the decoder under test is
applied for the HRD as follows:

(i) If NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in the DPB
are emptied without output of the pictures they contain, and the DPB fullness is sct
equal to 0.

(i1) Otherwise (NoOutputOfPriorPicsFlag is equal to 0), all picture storage buffers
containing a picture that is marked as "not needed for output" and "unused for
reference” are emptied (without output), and all non-empty picture storage buffers in
the DPB are emptied by repeatedly invoking the "bumping" process specified in
subclause F.13.5.2.4, and the DPB fullness is set equal to 0.

(iii) Otherwise (the current picture is not an IRAP picture with NoRaslOutputFlag
equal to 1 and with nuh_layer_id equal to 0), all picture storage buffers containing a
picture which are marked as "not needed for output” and "unused for reference” are
emptied (without output). For each picture storage buffer that is emptied, the DPB
fullness is decremented by one. The variable currLayerId is set equal to nuh_layer_id
of the current decoded picture.

The variables MaxNumReorderPics| TargetOp ][ currLayerId ][ HighestTid ],
MaxLatencylncreasePlus1| TargetOp ][ currLayerld ][ HighestTid ], MaxLaten-
cyPictures[ TargetOpl[ currLayerld }{ HighestTid }, MaxDecPicBufferingMinus1[
TargetOp ] [ currLayerld ][ HighestTid | are derived as follows based on the current
operation point under test:

(1) If operation point DPB information parameters op_dpb_info_parameters() are
present for the operation point under test TargetOp, MaxNumReorderPics[ TargetOp ]
[ currLayerld J[HighestTid | is set to vps_max_num_reorder pics[ HighestTid ] when
currLayerld is equal to 0 or is set to vps_max_num_reorder_pics[ TargetOp ][ Cur-
rLayerld ][ HighestTid ] for the currLLayerld for the operation point under test when

currLayerld is greater than 0. Otherwise if operation point DPB information pa-
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rameters op_dpb_info_parameters() are not present for the operation point under test
MaxNumReorderPics[ TargetOp ][ currLayerld ][ HighestTid | is set to
sps_max_num_reorder_pics{ HighestTid ] from the active SPS (when currLayerld is
equal to 0) or from the active layer SPS for the value of currLayerlId.

[0484]  (2) If operation point DPB information parameters op_dpb_info_parameters() are
present for the operation point under test TargetOp, MaxLatencylncreascPlus1(
TargetOp ][ currLayerld ][ HighestTid ] is set to vps_max_latency increase_plusi[
HighestTid | when currLayerId is equal to 0 or is set to
vps_max_latency_increase_plus1[ TargetOp ][ CurrLayerld ][ HighestTid ] for the
currLayerld for the operation point under test when currLayerld is greater than Q. If
operation point DPB information parameters op_dpb_info_parameters() are present for
the operation point under test, MaxLatencyPictures[ TargetOp ][ currLayerld ][
HighestTid ] is set to VpsMaxLatencyPictures[ HighestTid ] when currLayerld is equal
to O or is set to VpsMaxLatencyPictures[ TargetOp ][ CurrLayerId ][ HighestTid ] for
the currLayerld for the operation point under test when currLayerld is greater than 0.
Otherwise if operation point DPB information parameters op_dpb_info_parameters()
arc not present for the operation point under test, MaxLatencylIncreasePlus1[ TargetOp
][ currlayerld ][ HighestTid ] is set to sps_max_latency_increase_plus1[ HighestTid ]
of the active SPS (when currLayerld is equal to 0) or the active layer SPS for the value
of currLayerld and MaxLatencyPictures[ TargetOp ] [ currLayerId ][ HighestTid ] is
set to SpsMaxLatencyPictures[ HighestTid ] derived from the active SPS (when cur-
rLayerld is equal to 0) or from the active layer SPS for the value of currLayerld.

[0485]  (3) If operation point DPB information parameters op_dpb_info_parameters() are
present for the selected operation point under test TargetOp, MaxDecPicBuffer-
ingMinus1[ TargetOp ] { currLayerld J[HighestTid ] is set to
vps_max_dec_pic_buffering_minus1[ HighestTid ] when currLayerId is equal to O or
is set to vps_max_dec_pic_buffering minus1[ TargetOp | [ CurrLayerld ][ HighestTid
] for the currLayerld for the operation point under test when currLayerld is greater (han
0. Otherwise if operation point DPB information parameters
op_dpb_info_parameters() are not present for the operation point under test,
MaxDecPicBufferingMinus 1[ TargetOp ][ currLayerId ][HighestTid ] is set to
sps_max_dec_pic_buffering_minus1[ HighestTid ] from the active SPS (when cur-
rLayerld is equal to 0) or from the active layer SPS for the value of currLayerld.

[0486]  When one or more of the following conditions are true, the "bumping" process
specified in subclause F.13.5.2.4 is invoked repeatedly while further decrementing the
DPB fullness by one for each additional picture storage buffer that is emptied, until
none of the following conditions are true:

[0487] (1) The number of pictures with nuh_layer_id equal to currLayerld in the DPB that
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[0488]

[0489]

[0490]

[0491]

[0492]

[0493]

[0494]

[0495]

[0496]

[0497]

[0498]

[0499]

[0500]

are marked as "needed for output" is greater than MaxNumReorderPics[ TargetOp ]
[CurrLayerld][HighestTid].

(2) If MaxLatencylIncreasePlus1[ TargetOp ] [CurrLayerld][Highes(Tid] is not equal
to 0 and there is at least one picture with nuh_layer_id equal to currLayerld in the DPB
that is marked as "needed for output” for which the associated variable PicLa-
tencyCount| currLayerld ] is greater than or equal to MaxLatencyPictures| TargetOp |
[CurrLayerld][HighestTid].

(3) The number of pictures with nuh_layer_id equal to currLayerld in the DPB is
greater than or equal to MaxDecPicBuffering[ TargetOp ] [CurrLayerId][HighestTid].

The processes specified in this subclause happen instantaneously when the last
decoding unit of access unit n containing the current picture is removed from the CPB.

The variable currLayerld is set equal to nuh_layer id of the current decoded picture.

For each picture in the DPB that is marked as "needed for output" and that has a
nuh_layer_id value equal to currLayerld, the associated variable PicLatencyCount[
currLayerld ] is set equal to PicLatencyCount[ currLayerld | + 1.

The current picture is considered as decoded after the last decoding unit of the
picture is decoded. The current decoded picture is stored in an empty picture storage
buffer in the DPB, and the following applies:

(A) If the current decoded picture has PicOutputFlag equal to 1, it is marked as
"needed for output” and its associated variable PicLatencyCount[ currLayerld | is set
equal to 0.

(B) Otherwise (the current decoded picture has PicOutputFlag equal to 0), it is
marked as "not needed for output”.

The current decoded picture is marked as "used for short-term reference”.

When one or more of the following conditions are true, the "bumping" process
specified in subclause F.13.5.2.4 is invoked repeatedly until none of the following
conditions are true.

(A) The number of pictures with nuh_layer_id equal to currLayerId in the DPB that
are marked as "needed for output” is greater than MaxNumReorderPics[ TargetOp |
[CurrLayerld][HighestTid].

(B) MaxLatencylIncreasePlus1[ TargetOp ] [CurrLayerId][HighestTid] is not equal to
0 and there is at least one picture with nuh_layer_id equal to currLayerld in the DPB
that is marked as "needed for output” for which the associated variable PicLa-
tencyCount[ currLayerld ] is greater than or equal to MaxLatencyPictures[ TargetOp ]
[CurrLayerId][HighestTid].

In other case the variables MaxNumReorderPics[ currLayerld ][ HighestTid ],
MaxLatencyIncreasePlus1{ currLayerld ][ HighestTid ], MaxLatencyPictures[ cur-
rLayerld ][ HighestTid ], MaxDecPicBufferingMinus1[ currLayerId ][ HighestTid ]
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may be derived as follows:

[0501] (1) If operation point DPB information parameters op_dpb_info_parameters() are
present for the operation point under test, MaxNumReorderPics[ currLayerld
|[(HighestTid ] is set to vps_max_num_reorder_pics[ HighestTid ] when currLayerld is
equal to O or is set to vps_max_num_reorder_pics[ CurrLayerld ][ HighestTid ] for the
currLayerld for the operation point under test when currLayerld is greater than 0.
Otherwise if operation point DPB information parameters op_dpb_info_parameters()
are not present for the operation point under test MaxNumReorderPics[ currLayerld ][
HighestTid ] is set to sps_max_num_reorder_pics[ HighestTid ] from the active SPS
(when currLayerld is equal to 0) or from the active layer SPS for the value of cur-
rLayerld.

[0502]  (2) If operation point DPB information parameters op_dpb_info_parameters() are
present for the operation point under test, MaxLatencyIncreasePlus1[ currLayerId ][
HighestTid ] is set to vps_max_latency_increase_plus1[ HighestTid | when cur-
rLayerld is equal to O or is set to vps_max_latency_increase_plus1[ CurrLayerld ][
HighestTid ] for the currLayerld for the operation point under test when currLayerld is
greater than 0. If operation point DPB information parameters
op_dpb_info_parameters() are present for the operation point under test, MaxLaten-
cyPictures| currLayerld ][ HighestTid ] is set to VpsMaxLatencyPictures [ HighestTid
| when currLayerld is equal to O or is set to VpsMaxLatencyPictures [ CurrLayerld ][
HighestTid ] for the currLayerld for the operation point under test when currLayerld is
greater than 0. Otherwise if operation point DPB information parameters
op_dpb_info_parameters() are not present for the operation point under test, MaxLa-
tencylIncreasePlus1[ currLayerld ][ HighestTid ] is set to
sps_max_latency_increase_plus1[ HighestTid ] of the active SPS (when currLayerld is
equal to 0) or the active layer SPS for the value of currLayerld and MaxLaten-
cyPictures| currLayerld ][ HighestTid ] is set to SpsMaxIatencyPictures [ HighestTid ]
derived from the active SPS (when currLayerld is equal to 0) or from the active layer
SPS for the value of currlayerld.

[(0503]  (3) If operation point DPB information parameters op_dpb_info_parameters() are
present for the selected operation point under test, MaxDecPicBufferingMinus1[ cur-
rLayerld |[HighestTid | is set to vps_max_dec_pic_buffering minus1[ HighestTid |
when currLayerld is equal to O or is set to vps_max_dec_pic_buffering_minus1[ Cur-
rLayerld ][ HighestTid ] for the currLayerId for the operation point under test when
currLayerld is greater than 0. Otherwise if operation point DPB information pa-
rameters op_dpb_info_parameters() are not present for the operation point under test,
MaxDecPicBufferingMinus1[ currLayerld J[HighestTid ] is set to

sps_max_dec_pic_buffering_minus1[ HighestTid ] from the active SPS (when cur-
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[0504]

[0505]

[0506]

[0507]

[0508]

[0509]

[0510]

[0511]

[0512]

[0513]

[0514]

[0515]

[0516]

[0517]

rLayerld is equal to 0) or from the active layer SPS for the value of currlayerld.

When one or more of the following conditions are true, the "bumping” process
specified in subclause F.13.5.2.4 is invoked repeatedly while further decrementing the
DPB fullness by one for each additional picture storage buffer that is emptied, until
none of the following conditions are true:

(1) The number of pictures with nuh_layer_id equal to currLayerld in the DPB that
are marked as "needed for output” is greater than MaxNumRe-
orderPics[CurrLayerld][HighestTid].

(2) If MaxLatencylIncreasePlus1[CurrLayerld]| HighestTid] is not equal to 0 and
there is at least one picture with nuh_layer id equal to currLayerld in the DPB that is
marked as "needed for output™ for which the associated variable Picl.atencyCount[ cur-
rLayerld ] is greater than or equal to MaxLatencyPictures[CurrLayerIld][HighestTid].

(3) The number of pictures with nuh_layer_id equal to currLayerld in the DPB is
greater than or equal to MaxDecPicBuffering[CurrLayerld][HighestTid].

The processes specified in this subclause happen instantaneously when the last
decoding unit of access unit n containing the current picture is removed from the CPB.

The variable currLayerld is set equal to nuh_layer_id of the current decoded picture.

For each picture in the DPB that is marked as "needed for output” and that has a
nuh_layer_id value equal to currLayerld, the associated variable PicLatencyCount[
currLayerld ] is set equal to PicLatencyCount| currLayerld ] + 1.

The current picture is considered as decoded after the last decoding unit of the
picture is decoded. The current decoded picture is stored in an empty picture storage
buffer in the DPB, and the following applies:

(A) If the current decoded picture has PicOutputFlag equal to 1, it is marked as
"needed for output" and its associated variable PicLatencyCount| currLayerld | is set
cqual to 0.

(B) Otherwise (the current decoded picture has PicOutputFlag equal to 0), it is
marked as "not needed for output”.

The current decoded picture is marked as "used for short-term reference".

When one or more of the following conditions are true, the "bumping” process
specified in subclause F.13.5.2.4 is invoked repeatedly until none of the following
conditions are true.

(A) The number of pictures with nuh_layer_id equal to currLayerld in the DPB that
are marked as "needed for output” is greater than MaxNumRe-
orderPics[CurrLayerId][HighestTid].

(B) MaxLatencylIncreasePlus1[CurrLayerld][HighestTid] is not equal to 0 and there
is at least one picture with nuh_layer id equal to currLayerld in the DPB that is

marked as "needed for output” for which the associated variable PicLatencyCount[ cur-
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[0518]
[0519]

[0520]

[0521]

[0522]
[0523]

[0524]

[0525]

[0526]

[0527]

[0528]

[0529]
[0530]

[0531]
[0532]

rLayerld ] is greater than or equal to MaxLatencyPictures[CurrLayerld][HighestTid].

The "bumping” process consists of the following ordered steps:

(A) The pictures that are first for output are selected as the ones having the smallest
value of PicOrderCntVal of all pictures in the DPB marked as "needed for output”.

(B) These pictures are cropped, using the conformance cropping window specified in
the active SPS for the picture with nuh_layer_id equal to 0 or in the active layer SPS
for a nuh_layer id value equal to that of the picture, the cropped pictures are output in
ascending order of nuh_layer_id, and the pictures are marked as "not needed for
output”.

(C) Each picture storage buffer that contains a picture marked as "unused for
reference” and that included one of the pictures that was cropped and output is
emptied.

The VPS Extension may have additional modifications, if desired.

Referring to Figure 40, an additional modification may include the DPB parameters
being sent in the VPS extension for output layer scts instcad of for operation points,
where the oops_dpb_info_parameters(j) are illustrated in Figure 41.

The num_dpb_info_parameters specifies the number of oop_dpb_parameters( )
syntax structures present in the VPS extension RBSP. num_dpb_info_parameters
decoders shall be in the range of 0 to num_output_layer_sets, inclusive.

The output_point_layer_set_idx][ i ] specifies the index, into the list of target output
layer sets to which the i th oop_dpb_info_parameters( ) syntax structure in the VPS
extension applies.

The value of output_point layer set idx[ i ] should be in the range of 0 to
num_output_layer_sets, inclusive. It is requirement of bitstream conformance that
output_point_layer_set_idx [ i ] shall not be equal to output_point_layer_set_idx [ j ]
for any j not equal to i.

Referring to Figure 42, the oop_dpb_info_paremters(c) may be further modified,
where the syntax in the VPS extension may be as illustrated in Figure 43.

Referring to Figure 44, the oop_dpb_info_paremters(c) may be further modified,
where the syntax in the VPS extension may be as illustrated in Figure45 or Figure 46.

An exemplary alternative for the syntax in VPS extension is that
[Table 18]

for(j = 0; j <= vps_max_layer_id; j++)
oop_dpb_info_parameters()

may be changed to
[Table 19]

for(j = 0; j <= vps_max_layers_minus1; j++)
oop_dpb_info_parameters(j)
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10533]

[0534]
[0535]

[0536]
[0537]

[0538]

[0539]

[0540]

[0541]

[0542]
[0543]

[0544]
[0545]

[0546]

[0547]

The vps_max_layer_id specifics the maximum allowed value of nuh_layer_id of all
NAL units in the CVS. The vps_max_layers_minus]1, specifies the maximum number
of layers that may be present in the CVS, wherein a layer may e.g. be a spatial scalable
layer, a quality scalable layer, a texture view or a depth view.

Another exemplary alternative for the syntax in VPS extension is that
[Table 20]

for(j = 0; j <= vps_max_layer_id; jH+)
oop_dpb_info_parameters(j)

may be changed to
[Table 21]

for(j = 0; j < numQutputLayers; j++ )
oop_dpb_info_parameters(j)

where numOutputLayers for the selected output layer set index oplsIdx is derived as:
[Table 22]

for(k=0, numOutputLayers=0;k<=vps_max_layer id;k++)

ifloutput_layer_ftaglopLsIdx][k])

targetOpLayerIdList [numOutputLayers++]=layer_id_in_nuhlk]

Another exemplary alternative for the syntax in VPS extension is that
[Table 23]

for(j = 0; j <= vps_max_layer id; j++)
oop_dpb_info_parameters(j)

may be changed to
[Table 24]

for(j = 0; j < numDecodedLayers; j++ )
oop_dpb_info_parameters(j)

where numOutputLayers for the selected oplsIdx is derived as:
[Table 25]

for(k=0, numOutputLayers=0;k<=vps_max_layer_id;k++)
ifloutput_layer_flaglopLeIdx][k])

targetOpLayerIldList [numOutputLayers++]=layer_id_in_nuh[k]

Then a target decoded layer identificr list targetDLayerldList and numDecod-
edLayers for the selected oplsldx is derived as:
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[0548]

[0549]

[0550]

[0551]

[0552]

[0553]

[0554]

[Table 26]

for(m=0, numDecodedLayers=0;m< numQutputLayers;m++) {

for(n=0;n<NumDirectRefLayers{LayerldInVps [targetOpLayerldListl

m]llin++) {

rLid=RefLayerld[LayerIdInVp s[targetOpLayerIdList [ml]}n]

if(rLid not included in targetDLayerIdList|0,...,

numDecodedLayers])

targetDLayerldList[numDecodedLayers++]=rLId;

}

In one embodiment an additional flag maybe signalled to indicate if
oop_dpb_information_parameters are signalled for the particular layer as follows:
[Table 27]

for(j = 0; j <= vps_max_layer_id; j++) {
vps_ layer_ info_present_flaglj] u(l)

if(vps_layer info_present_flag)

oop_dpb_info_parameters(j)

The vps_layer info_present_flag[j] equal to 1 specifies that
oop_dpb_info_parameters are present for the j'th layer for the particular output layer
set. vps_layer_info_present_flag[j] equal to O specifies that oop_dpb_info_parameters
are not present for the j'th layer for the particular output layer set.

In another embodiment num_dpb_info_parameters decoders shall be in the range of
0 to 1024, inclusive. In yet another embodiment a different fixed number could be used
in place of 1024.

In an alternative embodiment output_point_laycr_set_idx[ i ] is in the range of 0 to
1023, inclusive.

Referring to Figure 47, another modified VPS extension and layer_dpb_info(i) may
be used if the DPB parameters are sent in the VPS extension for each layer inde-
pendently of output layer sets and operation points.

Referring to Figure 48, a modified layer_dpb_info(i) may be used where the syntax
element vps_max_sub_layer_minus1 signaled from VPS is used for all the layers and

is not separately signalled in oop_dpb_info_parameters(id) / op_dpb_info_parameters(
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id).

[0555]  Referring to Figure 49A and 49B, an exemplary modified vps_extension is il-
lustrated. The modified vps extension includes new syntax, namely,
max_sub_layers_vps_predict_flag[i], max_sub_layers_vps_minus1[i]
num_dpb_info_parameters, output_point_layer set idx[i],
oop_dpb_maxbuffering_parameters(i), and layer_dpb_info_parameters(i).
num_output layer sets specifies the number of layer sets for which output layers are
specified with output_layer set_index[ i ] and output_layer_flag{ IsIdx ][ j ]. When not
present, the value of num_output_layer_sets is inferred to be equal to 0. A layer set de-
scribing output layers is an output layer set.

[0556]  'max_sub_layers_vps_predict_flag'[ i } equal to 1 specifies that
max_sub_layers_vps_minus1[ i ] is inferred to be equal to
max_sub_layers_vps_minusi[i- 1 ].

[0557) max_sub_layers_vps_predict_flag[ i ] equal to O specifies that
max_sub_layers_vps_minusl[ i} is explicitly signalled. The value of
max_sub_layers_vps_predict_flag{ O ] is inferred to be equal to (.

[0558]  'max_sub_layers_vps_minus1'[ i ] plus 1 specifies the maximum number of temporal
sub-layers that may be present in the CVS for layer with nuh_layer_id equal to i. The
value of max_vps_sub_layers_vps_minus1[ i ] shall be in the range of 0 to 6, inclusive.
In some cases max_sub_layers_vps_minus1[i] is used for the inference of the SPS
syntax element sps_max_sub_layers_minusl. When
max_sub_layers_vps_predict_flag[ i ] is equal to 1, max_sub_layers_vps_minus1[i] is
inferred to be equal to max_sub_layers_vps_minusi[i- 1 ]. The value of
max_sub_layers_vps_minusl{ 0 ] is inferred to be equal to
vps_max_sub_layers_minusl.

[0559]  The variable MaxSubLayers| setld ] for setld in the range of 0 to
num_dpb_info_parameters- 1, inclusive, is derived as follows:

[0560] [Table 28]

for( setld = 0; setld < num_dpb_info_parameters; sotld+t) {
Isldx =

output_layer_set_idx_minus1[ output_point_layer set idx[ setld] ]+ 1
highestLayerld =

layerSetLayerIdList[lsIdx][numLayersinldList[lsIdx]-1]
MaxSubLayers[setld] =

(max_sub_layers_vps_minus1[highestLayerId]+1)
t
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[0561]

[0562]

[0563]

[0564]

[0565]

[0566]

[0567]

[0568]

[0569]

‘num_dpb_info_parameters' specifies the number of
oop_dpb_maxbuffering_parameters( i ) syntax structures present in the VPS extension
RBSP. num_dpb_info_parameters decoders shall be in the range of 0 to numOutput-
LayerSets, inclusive.

‘output_point_layer_set_idx'{ i ] specifies the index, into the list of output layer sets
to which the i th oop_dpb_maxbuffering_parameters( i ) syntax structure in the VPS
extension applies.

The value of output_point_layer_set_idx| i ] should be in the range of 0 to numOut-
putLayerSets, inclusive. It is requirement of bitstream conformance that

output_point_layer_set_idx | i ] shall not be equal to output_point_layer_set_idx [ ]
for any j not equal to i.

Referring to Figure 50, the oop_dpb_maxbuffering_parameters specifies
'sub_layer_vps_buf_info_present_flag'[ i ], 'max_vps_dec_pic_buffering minus1'[i][
il

'sub_layer_vps_buf_info_present_flag’[ i ] equal to 1 specifies that
max_vps_dec_pic_buffering_minusI[ i ][ j ] are present for MaxSubLayers[ i] sub-
layers. sub_layer vps_buf _info_present_flag[ i ] equal to O specifies that the values of
max_vps_dec_pic_buffering_minusIf i ][ MaxSubLayers[i]- 1 ] apply to all sub-
layers.

'max_vps_dec_pic_buffering minus1'[ i ][ j ] plus 1 specifies the maximum required
size of the decoded picture buffer for the CVS for layer with nuh_layer_id equal to
highestLayerld in the output layer set associated with index i in units of picture storage
buffers when HighestTid is equal to j. The value of
max_vps_dec_pic_buffering_minusl[ i ][ j ] shall be in the range of 0 to MaxDpbSize
- 1 (as specified in subclause A.4), inclusive. When j is greater than 0,
max_vps_dec_pic_buffering_minusl[ i ][ j ] shall be greater than or equal to
max_vps_dec_pic_buffering minusl{i][j- | ] In some cases
max_vps_dec_pic_buffering minusl[ i J{ j ] is used for inference of the values of the
SPS syntax elements sps_max_dec_pic_buffering minus1] j ]. When
max_vps_dec_pic_buffering_minusI[ i ][ j ] is not present for 1 in the range of 0 to
MaxSubLayers| i | - 2, inclusive, due to sub_layer_vps_buf info_present_flag[ i ]
being equal to 0, it is inferred to be equal to max_vps_dec_pic_buffering_minus1[ i ][
MaxSublLayers[i] - 1].

The value of max_vps_dec_pic_buffering_minusI[ O ][ j ] for each value of j is
inferred to be equal to vps_max_dec_pic_buffering_minusl[ j ].

Referring to Figure 51, the layer_dpb_info_parameters specifies
'sub_layer_vps_ordering_info_present_{lag'[ i ], max_vps_num_reorder_pics[i][j ],
‘max_vps_latency_increase_plusl'[i][j].
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[0570]

[0571]

[0572]

[0573]

[0574]

[0575]

[0576]

[0577]

[0578]

'sub_layer_vps_ordering_info_present_flag|[ i ] equal to 1 specifies that
max_vps_num_reorder_pics[ i ][ j ] and max_vps_latency_increase_plus1[i][j ] are
present for max_sub_layers_vps_minusl + 1 sub-layers.

sub_layer_vps_ordering_info_present_flag[ i ] equal to O specifies that the values of
max_vps_num_reorder_pics[ i ][ vps_max_sub_layers_minusl ] and
max_vps_latency_increase_plusl| i || max_sub_layers_vps_minusl ] apply to all sub-
layers.

'max_vps_num_reorder_picsT i ][ j ] indicates the maximum allowed number of
pictures that can precede any picture in the CVS for layer with nuh_layer_id equal to i
in decoding order and follow that picture in output order when HighestTid is equal to j.
The value of max_vps_num_reorder_pics| i ][ j | shall be in the range of O to
max_vps_dec_pic_buffering minusl{ i][j ], inclusive. When j is greater than 0,
max_vps_num_reorder_pics| i ][ j ] shall be greater than or equal (o
max_vps_num_reorder_pics[ i ][ j- 1 ] In some cases max_vps_num_reorder_pics[ i }[
j ]is used for inference of the values of the SPS syntax element
sps_max_num_reorder pics[ j ]. When max_vps_num_reorder_pics| i ][ j | is not
present for i in the range of 0 to max_sub_layers_vps_minusl[i] - 1, inclusive, due to
sub_layer_vps_ordering info_present_flag[ i | being equal to 0, it is inferred to be
equal to max_vps_num_reorder_pics[ 1 }[ max_sub_layers_vps_minusl[i]].

max_vps_latency_increase plusl[ i ][ j ] not equal to 0 is used to compute the value
of VpsMaxLatencyPictures[ i ][ j ], which specifies the maximum number of pictures
that can precede any picture in the CVS for layer with nuh_layer_id equal to i in output
order and follow that picture in decoding order when HighestTid is equal to j.

When max_vps_latency_increase_plus1[i][j ] is not equal to 0, the value of Vps-
MaxLatencyPictures[ i ][ j ] is specified as follows:

VpsMaxLatencyPictures| i ][ j ] = max_vps num_reorder_pics[i][j]+
max_vps_latency_increase_plusl[i][j]- 1

When max_vps_latency_increase_plus1[ i [ j ] is equal to 0, no corresponding limit
is expressed.

The value of max_vps_latency_increase_plusl[ j ][ k ] shall be in the range of 0 to 2
32 - 2, inclusive. In somc cases max_vps_latency_increase_plus1[ i ][ j ] is used for
inference of the values of the SPS syntax elements sps_max_latency_increase_plusl|[ j
]. When max_vps_latency_increase_plusl{ i ][ j ] is not present for i in the range of 0
to max_sub_layers_vps_minus1[i] - I, inclusive, due to
sub_layer_vps_ordering_info_present_flag[ i ] being equal to 0, it is inferred to be
equal to max_vps_latency_increase_plus1[ i ][ max_sub_layers_vps_minus1[i]].

Referring to Figure 52, an exemplary modified vps_extension is illustrated. The

modified vps extension includes further modification of the syntax in Figure 49 with
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[0579]

[0580]

[0581]

[0582]

[0583]

[0584]

[0585]

new syntax, namely, sub_layer_vps_buf_info_predict_flag[ i ],
sub_layer_vps_ordering_info_predict_flag| i | which are conditionally signalled.
sub_layer_vps_buf_info_predict_flag[ i ] equal to 1 specifies that
max_vps_dec_pic_buffering_minusl[i][ j] is inferred to be equal to
max_vps_dec_pic_buffering_minusl[i- 1 ][ j] for each value of j.
sub_layer_vps_buf_info_predict_flagf i ] equal to O specifies that
max_vps_dec_pic_buffering minusl[ i ][ j ] for at least one value of j is explictily
signalled. sub_layer_vps_buf info_predict_flag{ 0 ] is inferred to be equal to 0. When
not present, sub_layer_vps_buf_info_predict_flag[ i ] is inferred to be equal to 0.
sub_layer_vps_ordering_info_predict_flag[ i ] equal to 1 specifies that the syntax
elements sub_layer_vps_ordering_info_present_flag[ i ], max_vps_num_reorder_pics|
i][j ], and max_vps_latency_increase_plusl[i ][ j ] are inferred to be equal to
sub_layer_vps_ordering_info_present_flag[ i - 1 ], max_vps_num_reorder_pics[i- 1 ][
j 1, and max_vps_latency_increase_plusi[i 1 ][ j ], respectively.
sub_layer_vps_ordering_info_predict_flag[ i ] equal to O indicates that the syntax
elements sub_layer_vps_ordering_info_present_flag[ i ], max_vps_num_reorder_pics[
i][j 1, and max_vps_latency_increase_plusl[i ][ j ] are explicitly signalled . When not
present, the value of sub_layer_vps_ordering_info_predict_flag[ i ] is set equal to 0.

Other syntax elements and their semantic meanings for Figure 52 are same as those
for figure 49.

Referring to Figure 53, an exemplary modified vps_extension is illustrated. The
modified vps extension includes further modification of the syntax in Figure 49. In
Figure 53 oop_dpb_maxbuffering_parameters(i,j) are signalled for each layer j for the
particular output layer set i compared to Figure 49 which signals a single set of
oop_dpb_maxbuffering_parameters(i) parameters for the highest layer id in the output
layer set 1.

Referring to Figure 54, the oop_dpb_maxbuffering_parameters specifies
sub_layer_vps_buf_info_present_flag[ i ][ k ], max_vps_dec_pic_buffering_minus1{ i
IRSINN®

sub_layer vps_buf info_present flag[ i ][ k ] equal to 1 specifies that
max_vps_dec_pic_buffering minusi{i]{ k ][ j ] are present for
max_sub_layers_vps_minusl[ k ] sub-layers. sub_layer_vps_buf_info_present_flag[ i ]
cqual to 0 specifics that the values of max_vps_dec_pic_buffering_minus1[i ][ k
|[max_sub_layers_vps_minusl[ k ]] apply to all sub-layers.

max_vps_dec_pic_buffering minus1[i][ k ][ j ] plus 1 specifies the maximum
required size of the decoded picture buffer for the CVS for layer with nuh_layer_id
equal to k for the output layer set associated with index i in units of picture storage
buffers when HighestTid is equal to j. The value of
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[0586]

[0587]

[0588]

[0589]

[0590]

[0591]

[0592]

[0593]

[0594]
[0595]

max_vps_dec_pic_buffering_minus1[ i ][ k ][ j ] shall be in the range of O to
MaxDpbSize - 1 (as specified in subclause A.4), inclusive.

When j is greater than 0, max_vps_dec_pic_buffering_minusifi ][ k ][ j ] shall be
greater than or equal to max_vps_dec_pic_buffering_minus1[i ][ k ][j- 1] are used
for inference of the values of the SPS syntax elements
sps_max_dec_pic_buffering_minusl1[j ].

When max_vps_dec_pic_buffering_minusl[ i ][ j ] is not present for i in the range of
0 to max_sub_layers_vps_minusl| k ] - 1, inclusive, duc to
sub_layer_vps_buf_info_present_flag[ i ][ k ] being equal to 0, it is inferred to be equal
to max_vps_dec_pic_buffering_minus1[i ][ k ] [ max_sub_layers_vps_minus1[ k ]].

The value of max_vps_dec_pic_buffering_minus1[i ][ O ][ j ] for each value of i and
j is inferred to be equal to vps_max_dec_pic_buffering_minus1[ j ].

Referring to Figure 55 the oop_dpb_maxbuffering parameters specifics
sub_layer_vps_buf_info_present_flag[ i ][ k ], max_vps_dec_pic_buffering_minusl1{ i
1l k 1[j ]- Figure 55 is a variant syntax for oop_dpb_maxbuffering_parameters
compared to the syntax in Figure 54 for oop_dpb_maxbuffering_parameters.

The variable MaxSubLayers[ setld ][ k ] for setld in the range of O to
num_dpb_info_parameters - 1, inclusive, is derived as follows:

[Table 29]

for( setld = 0; setld < num_dpb_info_parameters; setId++) {

for(k = 1; k <= vps_max_layers_minusl; i++ ) {

MaxSubLayers[setld][k] =(max_sub_layers_vps_minusilk ]+1)
}

}

In this case the oop_dpb_maxbuffering_parameters paramecters ( i, k ) will be defined
as in the Figure 55.

Referring to Figure 56, an exemplary modified vps_extension is illustrated. The
modified vps extension includes further modification of the syntax in Figure 52 with
new syntax., In Figure 53 in this variant oop_dpb_maxbuffering_parameters(i,j) are
signalled for each layer j for the particular output layer set i compared to Figure 52
which signals a single set of oop_dpb_maxbuffering_parameters(i) parameters for the
highest layer id in the output layer set i.

The oop_dpb_maxbuffring parameters(Lk) are as shown in Figure 57.

Referring to Figure 58 the oop_dpb_maxbuffering_parameters specifies
sub_layer_vps_buf_info_present_flag[ i ][ k ], max_vps_dec_pic_buffering_minus1{ i

1Lk [ j ]. Figure 58 is a variant syntax for oop_dpb_maxbuffering parameters
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compared to the syntax in Figure 57 for oop_dpb_maxbuffering_parameters.
[0596]  The variable MaxSubLayers[ setld ][ k ] for setld in the range of O to
num_dpb_info_parameters - 1, inclusive, is derived as follows:
{0597] [Table 30]

for( setId = 0; setld < num_dpb_info_parameters; setId++) {

for(k = 1; k <= vps_max_layers_minusl; i++ ) {

MaxSubl.ayers[setIdl[k] =( max_sub_layers_vps_minus1{k J+1)
}

}

[0598] In this case the oop_dpb_maxbuffering_parameters parameters ( i, k ) will be defined
as in the Figure 58.

[0599]  Referring to Figure 59, an exemplary modified vps_extension is illustrated. The
modified vps extension includes further modification of the syntax in Figure 56 with
new syntax, namely, an additional flag layer_dpb_info_parameters_presence_flag
which are conditionally signalled. layer dpb_info parameters_presence_flag makes
signalling of layer_dpb_info_parameters(i) in VPS extension optional.

[0600] layer_dpb_info_parameters_presence flag{ i | equal to 1 specifies that the syntax
elements sub_layer vps_ordering_info_predict_flag[ i ] and
layer_dpb_info_parameters(i) are present for vps_max_num_layers_minusl layers.
layer_dpb_info_parameters_presence_flag[ i ] equal to O specifies that the syntax
elements sub_layer _vps_ordering_info_predict_flag[ i1 ] and
layer_dpb_info_parameters(i) are not present for vps_max_num layers_minus] layers.

[0601]  The oop_dpb_maxbuffring parameters(i,k) are as shown in Figure 60.

[0602] Referring to Figure 61 the oop_dpb_maxbuffering_parameters specifies
sub_layer_vps_buf_info_present_flagf i ][ k ], max_vps_dec_pic_buffering minus][ i
JLk I j ]. Figure 61 is a variant syntax for oop_dpb_maxbuffering parameters
compared to the syntax in Figure 60 for oop_dpb_maxbuffering parameters.

[0603]  The variable MaxSubLayers[ setld ][ k ] for setld in the range of 0 to
num_dpb_info_parameters - 1, inclusive, is derived as follows:

[0604] [Table 31]

for{ setld = 0; setld < num_dpb_info_parameters; setld++ ) {

for(k = 15 k <= vps_max_layers minusl; i++) {

MaxSubLayers(setld][k] =(max_sub_layers_vps_minusi[k ]+1)
}
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[0605]  In this case the oop_dpb_maxbuffering_parameters parameters ( i, k ) will be defined
as in the Figure 61.

[0606]  Anexemplary alternative for the syntax in VPS exiension is that

[0607] [Table 32]

for( k = 1; j <= vps_max_layers_minusl; k++)
oop_dpb_maxbuffering_parameters(k)

[0608] may be changed to

[0609] [Table 33]

for( k = 0; k <= vps_max_layers_minusl; k++)
oop_dpb_maxbuffering parameters(k)

[0610] Thus index k could start at O instead of at 1.

[0611]  Anexemplary alternative for the syntax in VPS extension is that

[0612] [Table 34]

for{ k = 0; k <= vps_max_layers_minus1; k++)
oop_dpb_ maxbuffering parameters(k)

[0613] may be changed to

[0614] [Table 35]

for(k = 0; k <= vps_max_layer_id; k++)
oop_dpb_maxbuffering parameters{k)

[0615]  The vps_max_layer_id specifies the maximum allowed value of nuh_layer_id of all
NAL units in the CVS. The vps_max_layers_minus], specifies the maximum number
of layers that may be present in the CVS, wherein a layer may e.g. be a spatial scalable
layer, a quality scalable layer, a texture view or a depth view.

[0616]  Another exemplary alternative for the syntax in VPS extension is that

[0617] [Table 36]

for( k = 1; k <= vps_max layers minusl; k++)
- oop_dpb_maxbuffering parameters(Ik)
[0618]  may be changed to
[0619] [Table 37]
for( k = 1; k < numOutputLayers; k++)
oop_dpb_maxbuffering_parameters(I k)
[0620]  where numOutputLayers is derived as
[0621]

CA 3034598 2019-02-22



102
WO 2014/167817 PCT/JP2014/001967

[Table 38]

for( setId = 0; setld < num_dpb_info_parameters; setld++ ) {

Isldx =
output_layer_set_idx_minusl[ output_point layer_set idx[setId] ]1+1

numOQutputLayers = [ numLayersInldList[ 1sIdx ] — 1]

}

[0622]  or it could be changed to
[0623] [Table 39]

forl k=L k<=

numLayersInldListloutput_layer_set_idx_minuslioutput_

point_layer_set_idx[i] 1-1;i++) {
oop_dpb_maxbuffering_parameters(i, k)

[0624]  In one embodiment an additional flag maybe signalled to indicate if
oop_dpb_information_parameters are signalled for the particular layer as follows:
[0625] [Table 40]

for(k = 1; k <= vps_max_layers_minusl; i++) {

vps_ layer_info_present_flagl k ] _ u(l)

oop_dpb_maxbuffering parameters(i, k)

}

[0626]  vps_layer_info_present flag{ k ] equal to 1 specifies that
oop_dpb_maxbuffering_parameters are present for the k'th layer for the particular
output layer set. vps_layer_info_present flag| k ] equal to O specifies that
oop_dpb_maxbuffering_parameters are not present for the k'th layer for the particular
output layer set.

[0627]  The syntax elements of non-VCL NAL units (or their default values for some of the
syntax elements), required for the HRD, are specified in the semantic subclauses of
clause 7, Annexes D and E.

[0628] Two types of HRD parameter sets (NAL HRD parameters and VCL HRD pa-
ramelters) are used. The HRD parameter sets are signalled through the hrd parameters(
) syntax structure, which may be part of the SPS syntax structure or the VPS syntax
structure.

10629]  Multiple tests may be needed for checking the conformance of a bitstream, which is
referred to as the bitstream under test. For each test, the following steps apply in the
order listed:

[0630] (1) An output layer set under test, denoted as TargetOpLs is selected. The operation
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point referred in TargetOpLs by output_layer_set_idx[] identifies the operation point
under test. The output layer identifier list OpLayerldList of TargetOpLs consists of the
list of nuh_layer_id values, in increasing order of nuh_layer_id values, present in the
bitstream subset associated with TargetOp and TargetOpLs, which is a subset of the
nuh_layer_id values present in the bitstream under test. The OpTid of TargetOp is
cqual to the highest Temporalld present in the bitstream subset associated with
TargetOp.

[0631]  (2) TargetDecLayerIdList is sct equal to target decoded layer identifier list targetD-
LayerIdList for the selected output layer set TargetOpLs, HighestTid is set equal to
OpTid of TargetOp, and the sub-bitstream extraction process as specified in clause 10
is invoked with the bitstream under test, HighestTid, and TargetDecLayerIdList as
inputs, and the output is assigned to BitstreamToDecode.

[0632]  (3) The hrd_parameters( ) syntax structure and the sub_layer_hrd_parameters( )
syntax structure applicable to TargetOp are selected. If TargetDecLayerldList contains
all nuh_layer_id values present in the bitstream under test, the hrd_parameters( )
syntax structure in the active SPS (or provided through an external means not specified
in this Specification) is selected. Otherwise, the hrd_parameters( ) syntax structure in
the active VPS (or provided through some external means not specified in this Speci-
fication) that applies to TargetOp is selected. Within the selected hrd_parameters( )
syntax structure, if BitstreamToDecode is a Type I bitstream, the
sub_layer_hrd_parameters( HighestTid ) syntax structure that immediately follows the
condition "if( vcl_hrd_parameters_present_flag )" is sclected and the variable NalHrd-
ModeFlag is set equal to 0; otherwise (BitstreamToDecode is a Type II bitstream), the
sub_layer_hrd_parameters( HighestTid ) syntax structure that immediately follows
either the condition "if( vcl_hrd parameters_present_flag )" (in this case the variable
NalHrdModeFlag is set equal to 0) or the condition "if(
nal_hrd_parameters_present flag )" (in this case the variable NalHrdModeFlag is set
cqual to 1) is sclected. When BitstreamToDecode is a Type Il bitstream and NalHrd-
ModeFlag is equal to 0, all non-VCL NAL units except filler data NAL units, and all
leading zero_8bits, zero_byte, start_code_prefix_one_3bytes, and trailing_zero_8bits
syntax elements that form a byte stream from the NAL unit stream (as specified in
Annex B), when present, are discarded from BitstreamToDecode, and the remaining
bitstream is assigned to BitstreamToDecode.

[0633] A conforming decoder may fulfil all requirements specified in this subclause.

[0634] (1) A decoder claiming conformance to a specific profile, tier and level shall be able
to successfully decode all bitstreams that conform to the bitstream conformance re-
quirements specified in subclause C.4, in the manner specified in Annex A, provided
that all VPSs, SPSs and PPSs referred to in the VCL NAL units, and appropriate
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buffering period and picture timing SEI messages are conveyed to the decoder, in a
timely manner, either in the bitstream (by non-VCL NAL units), or by external means
not specified in this Specification.

[0635]  (2) When a bitstream contains syntax elements that have values that are specified as
reserved and it is specified that decoders shall ignore values of the syntax elements or
NAL units containing the syntax elements having the reserved values, and the
bitstream is otherwise conforming to this Specification, a conforming decoder shall
decode the bitstream in the same manner as it would decode a conforming bitstream
and shall ignore the syntax elements or the NAL units containing the syntax elements
having the reserved values as specified.

[0636]  There are two types of conformance of a decoder: output timing conformance and
output order conformance.

[0637]  To check conformance of a decoder, test bitstreams conforming to the claimed
profile, tier and level, as specified in subclause C.4 are delivered by a hypothetical
stream scheduler (HSS) both to the HRD and to the decoder under test (DUT). All
cropped decoded pictures output by the HRD shall also be output by the DUT, each
cropped decoded picture output by the DUT shall be a picture with PicOutputFlag
equal to 1, and, for each such cropped decoded picture output by the DUT, the values
of all samples that are output shall be equal to the values of the samples produced by
the specified decoding process.

[0638]  For output timing decoder conformance, the HSS operates as described above, with
delivery schedules selected only from the subsct of values of SchedSelldx for which
the bit rate and CPB size are restricted as specified in Annex A for the specified
profile, tier and level, or with "interpolated” delivery schedules as specified below for
which the bit rate and CPB size are restricted as specified in Annex A. The same
delivery schedule is used for both the HRD and the DUT.

[0639]  When the HRD parameters and the buffering period SEI messages are present with
cpb_cnt_minus1[ HighestTid | greater than 0, the decoder shall be capable of decoding
the bitstream as delivered from the HSS operating using an "interpolated” delivery
schedule specified as having peak bit rate r, CPB size c( 1 ), and initial CPB removal
delay

[0640] [Math.16]

(f(n)+1)

as follows:

CA 3034598 2019-02-22



105

WO 2014/167817 PCT/JP2014/001967
[Table 41]
ct= (£~ BitRate] SchedSelldx — 1)+ { BitRate] SchedScildx ] - BitRate] SchedSelldx — 1]), c2)
o £)= @ * CpbSize] SchedSeldx ]+ (1 — ) * CpbSize] SchedSelldx ~ 1, €23
f{ 1)=& = InitCpbRemovailDelay[ SchedSelldx | * BiRate] SchedSelldx }+
(1- ) * InitCpbRemovalDelayf SchedSellds — 1 ] * BitRate[ SchedSelldx - 1] €23
[064]1]  for any SchedSelldx > 0 and r such that BitRate[ SchedSelldx - 1 ] <=1 <= BitRate[

[0642]

[0643]
[0644]

[0645]

[0646]

[0647]

SchedSelldx ] such that r and ¢( r ) are within the limits as specified in Annex A for the
maximum bit rate and buffer size for the specified profile, tier and level. The InitCp-
bRemovalDelay[ SchedSelldx ] can be different from one buffering period to another
and have to be re-calculated.

For output timing decoder conformance, an HRD as described above is used and the
timing (relative to the delivery time of the first bit) of picture output is the same for
both the HRD and the DUT up to a fixed delay.

For output order decoder conformance, the following applies:

(1) The HSS delivers the bitstream BitstreamToDecode to the DUT "by demand”
from the DUT, meaning that the HSS delivers bits (in decoding order) only when the
DUT requires more bits to proceed with its processing. This means that for this test,
the coded picture buffer of the DUT could be as small as the size of the largest
decoding unit.

(2) A modified HRD as described below is used, and the HSS delivers the bitstream
to the HRD by one of the schedules specified in the bitstream BitstreamToDecode such
that the bit rate and CPB size are restricted as specified in Annex A. The order of
pictures output shall be the same for both the HRD and the DUT.

(3) The HRD CPB size is given by CpbSize[ SchedSelldx ] as specified in subclause
E.2.3, where SchedSelldx and the HRD parameters are selected as specified in
subclause C.1. The DPB size is given by sps_max_dec_pic_buffering_ minus1[
HighestTid ] + 1 from the active SPS (when nuh_layer_id for the current decoded
picture is equal to 0) or from the active layer SPS for the value of nuh_layer_id of the
current decoded picture.

In some cases if output layer sets DPB information parameters
oop_dpb_maxbuffering parameters() are present for the selected output layer set, The
DPB size is given by max_vps_dec_pic_buffering minus1[CurrLayerId][HighestTid]
where currLayerld is the nuh_layer_id of the current decoded picture. Otherwise if
output layer sets DPB information parameters ocop_dpb_maxbuffering_parameters ()
are not present for the selected output layer set, the DPB Size is given by
sps_max_dec_pic_buffering_minus1[ HighestTid ] + 1 from the active SPS (when

nuh_layer_id for the current decoded picture is equal to 0) or from the active layer SPS
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[0648]

[0649]

[0650]

[0651]

[0652]

[0653]

[0654]

[0655]

[0656]

[0657]

for the value of nuh_layer_id of the current decoded picture.)

The removal time from the CPB for the HRD is the final bit arrival time and
decoding is immediate. The operation of the DPB of this HRD is as described in
subclauses C.5.2 through C.5.2.3.

The decoded picture buffer contains picture storage buffers. The number of picture
storage buffers for nuh_layer_id equal to 0 is derived from the active SPS. The number
of picture storage buffers for each non-zero nuh_layer_id value is derived from the
active layer SPS for that non-zero nuh_layer_id value. Each of the picture storage
buffers contains a decoded picture that is marked as "used for reference"” or is held for
future output. The process for output and removal of pictures from the DPB as
specified in subclause F.13.5.2.2 is invoked, followed by the invocation of the process
for picture decoding, marking, additional bumping, and storage as specified in
subclause F.13.5.2.3. The "bumping” process is specified in subclause F.13.5.2.4 and is
invoked as specified in subclauses F.13.5.2.2 and F.13.5.2.3.

The output and removal of pictures from the DPB before the decoding of the current
picture (but after parsing the slice header of the first slice of the current picture)
happens instantaneously when the first decoding unit of the access unit containing the
current picture is removed from the CPB and proceeds as follows.

The decoding process for RPS as specified in subclause 8.3.2 is invoked.

(1) If the current picture is an IRAP picture with NoRaslOutputFlag equal to 1 and
with nuh_layer_id equal to O that is not picture 0, the following ordered steps are
applied:

{A) The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as
follows:

(1) If the current picture is a CRA picture, NoOutputOfPriorPicsFlag is set equal to 1
(regardless of the value of no_output_of _prior_pics_flag).

(i1) Otherwise, if the value of pic_width_in_luma_samples,
pic_height_in_luma_samples, or sps_max_dec_pic_buffering_minus1[ HighestTid ]
derived from the active SPS is different from the value of pic_width_in_luma_samples,
pic_height_in_luma_samples, or sps_max_dec_pic_buffering_minus1[ HighestTid ],
respectively, derived from the SPS active for the preceding picture, NoOutputOfPrior-
PicsFlag may (but should not) be set to 1 by the decoder under test, regardless of the
value of no_output_of_prior_pics_flag. Although setting NoOutputOfPriorPicsFlag
equal to no_output_of_prior_pics_flag is preferred under these conditions, the decoder
under test is allowed to set NoOutputOfPriorPicsFlag to 1 in this case.

(iii) Otherwise, NoOutputOfPriorPicsFlag is set equal to
no_output_of_prior_pics_{flag.

(B) The value of NoOutputOfPriorPicsFlag derived for the decoder under test is
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[0658]

[0659]

[0660]

[0661]

[0662]

[0663]

applied for the HRD as follows:

(1) If NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in the DPB
are emptied without output of the pictures they contain, and the DPB fullness is set
equal to 0.

(i1) Otherwise (NoOutputOfPriorPicsFlag is equal to 0), all picture storage buffers
containing a picture that is marked as "not needed for output" and "unused for
reference" are emptied (without output), and all non-empty picture storage buffers in
the DPB are emptied by repeatedly invoking the "bumping" process specified in
subclause F.13.5.2.4, and the DPB fullness is set equal to 0.

(1i1) Otherwise (the current picture is not an IRAP picture with NoRaslOutputFlag
equal to 1 and with nuh_layer_id equal to ), all picture storage buffers containing a
picture which are marked as "not needed for output” and "unused for reference" are
emptied (without output). For each picture storage buffer that is emptied, the DPB
fullness is decremented by one. The variable currLayerld is set equal to nuh_layer_id
of the current decoded picture.

The variables MaxNumReorderPics| currlayerld ][ HighestTid |, MaxLatencyln-
creasePlus1{ currLayerld ][ HighestTid ], MaxLatencyPictures[ currLayerld ][
HighestTid |, MaxDecPicBufferingMinus1[ currLayerld ][ HighestTid ] are derived as
follows:

If layer DPB information parameters layer_dpb_info_parameters() are present in
VPS, MaxNumRcorderPics| currLayerld J[HighestTid ] is set to
vps_max_num_reorder_pics[ HighestTid ] when currLayerld is equal to 0 or is set to
max_vps_num_reorder_pics|[ CurrLayerld ][ HighestTid ] for the currLayerld when
currLayerld is greater than 0. Otherwise if layer DPB information parameters
layer dpb_info parameters() are not present MaxNumReorderPics{ currLayerId ][
HighestTid ] is set to sps_max_num_reorder_pics[ HighestTid ] from the active SPS
(when currLayerld is equal to 0) or from the active layer SPS for the value of cur-
rLayerld.

If layer DPB information parameters layer_dpb_info_parameters() are present in
VPS, MaxLatencylncreasePlus1| currLayerld ]{ HighestTid ] is set to
vps_max_latency_increase_plus1[ HighestTid | when currLayerld is equal to O or is
set to max_vps_latency_increase_plusl[ CurrLayerld ][ HighestTid | for the cur-
rLayerld when curtLayerld is greater than 0. If layer DPB information parameters
layer_dpb_info_parameters() are present in VPS, MaxLatencyPictures| currLayerld ][
HighestTid ] is set to SpsMaxLatencyPictures [ HighestTid ] when currLayerlId is
equal to O or is set to VpsMaxLatencyPictures [ CurrLayerld ][ HighestTid ] for the
currLayerld when currLayerld is greater than 0. Otherwise if layer DPB information

parameters layer_dpb_info_parameters() are not present for the for the operation point
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[0664]

[0665]

[0666]

[0667]

[0668]

[0669]

[0670]

[0671]

[0672]

under test, MaxLatencylncreasePlus1[ currLayerld ][ HighestTid ] is set to
sps_max_latency_increase_plus1[ HighestTid ] of the active SPS (when currLayerld is
equal to 0) or the active layer SPS for the value of currLayerld and MaxLaten-
cyPictures[ currLayerld ]{ HighestTid ] is set to SpsMaxLatencyPictures| currLayerld
[ HighestTid ] derived from the active SPS (when currLayerld is equal to 0) or from
the active layer SPS for the value of currLayerld.

If operation point DPB information parameters oop_dpb_maxbuffering_parameters
() are present for the selected output layer set, MaxDecPicBufferingMinus1[ cur-
rLayerld J[HighestTid ] is set to vps_max_dec_pic_buffering minus1[ HighestTid ]
when currLayerld is equal to 0 or is set to max_vps_dec_pic_buffering minusi{ Cur-
rLayerld ]| HighestTid ] for the currLayerld for the operation point under test when
currLayerld is greater than 0. Otherwise if operation point DPB information pa-
rameters oop_dpb_maxbuffering_parameters () are not present for the operation point
under test, MaxDecPicBufferingMinus1| currLayerld |[HighestTid ] is set to
sps_max_dec_pic_buffering_minus![ HighestTid ] from the active SPS (when cur-
rLayerld is equal to 0) or from the active layer SPS for the value of currLayerld.

When one or more of the following conditions are true, the "bumping" process
specified in subclause F.13.5.2.4 is invoked repeatedly while further decrementing the
DPB fullness by one for each additional picture storage buffer that is emptied, until
none of the following conditions are true:

(1) The number of pictures with nuh_layer_id equal to currLayerld in the DPB that
are marked as "needed for output” is greater than MaxNumRe-
orderPics[CurrLayerld][HighestTid].

(2) If MaxLatencylIncreasePlus1[CurrLayerld][HighestTid] is not equal to 0 and
there is at least one picture with nuh_layer_id equal to currLayerld in the DPB that is
marked as "needed for output" for which the associated variable PicLatencyCount[ cur-
rLayerld | is greater than or equal to MaxLatencyPictures[CurrLayerld][HighestTid].

(3) The number of pictures with nuh_layer_id equal to currLayerld in the DPB is
greater than or equal to MaxDecPicBuffering[CurrLayerld][HighestTid].

The processes specified in this subclause happen instantaneously when the last
decoding unit of access unit n containing the current picture is removed from the CPB.

The variable currlayerld is set equal to nuh_layer_id of the current decoded picture.

For each picture in the DPB that is marked as "needed for output” and that has a
nuh_layer_id value equal to currLayerld, the associated variable PicLatencyCount[
currLayerld | is set equal to PicLatencyCount| currLayerld ]+ 1.

The current picture is considered as decoded after the last decoding unit of the
picture is decoded. The current decoded picture is stored in an empty picture storage

buffer in the DPB, and the folowing applies:
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[0673]

[0674]

[0675]

[0676]

10677]

[0678]

[0679]
[0680]

[0681]

[0682]

[0683]

{0684]

(A) If the current decoded picture has PicOutputFlag equal to 1, it is marked as
"needed for output” and its associated variable PicLatencyCount[ currLayerld ] is set
equal to 0.

(B) Otherwise (the current decoded picture has PicOutputFlag equal to 0), it is
marked as "not needed for output”.

The current decoded picture is marked as "used for short-term reference”.

When one or more of the following conditions are true, the "bumping” process
specified in subclause F.13.5.2.4 is invoked repeatedly until none of the following
conditions are true.

(A) The number of pictures with nuh_layer_id equal to currLayerld in the DPB that
are marked as "needed for output” is greater than MaxNumRe-
orderPics[CurrLayerId][HighestTid].

(B) MaxLatencyIncreasePlus1[CurrLayerld][HighestTid] is not equal to 0 and there
is at least one picture with nuh_layer_id equal to currLayerId in the DPB that is
marked as "needed for output” for which the associated variable PicLatencyCount[ cur-
rLayerld ] is greater than or equal to MaxLatencyPictures[CurrLayerId][HighestTid].

The "bumping” process consists of the following ordered steps:

(A) The pictures that are first for output are selected as the ones having the smallest
value of PicOrderCntVal of all pictures in the DPB marked as "needed for output”.

(B) These pictures are cropped, using the conformance cropping window specified in
the active SPS for the picture with nuh_layer_id equal to 0 or in the active layer SPS
for a nuh_layer_id value equal to that of the picture, the cropped pictures are output in
ascending order of nuh_layer _id, and the pictures are marked as "not needed for
output"”,

(C) Each picture storage buffer that contains a picture marked as "unused for
reference” and that included one of the pictures that was cropped and output is
emptied.

Referring to FIG. 62, an exemplary modified sequence parameter set (sps) syntax
seq_parameter_set_rbsp is illustrated. The modified sps includes a
sps_dpb_params_present_{lag. In one embodiment based on the value of this flag and
based on the value of nuh_layer_id some of the syntax elements (e.g.
sps_sub_layer_ordering_info_present_flag, sps_max_dec_pic_buffering_minus1[i],
sps_max_num_reorder_pics[i], sps_max_latency_incease plus1[i] may not be
signaled.

sps_dpb_params_present_flag equal to 0 specifies that, for SPS with nuh_layer_id >0
the syntax elements sps_sub_layer_ordering_info_present_{flag,
sps_max_dec_pic_buffering_minus1[ i ], sps_max_num_reorder_pics[i ],

sps_max_latency_increase_plusi[ i ] are not present in this SPS. The value of these pa-
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[0685]

[0686]

[0687]

[0688]

[0689]

[0690]

[0691]

rameters is set equal to the value of sub_layer_ vps_buf_info_present_flag[i],
max_vps_num_reorder_pics[ 1 ][ j ] and max_vps_latency_increase_plusi[i][j] pa-
rameters signaled in active VPS extension. sps_dpb_params_present_flag equal to 1
specifies that, for SPS with nuh_layer_id >0 the syntax elements
sps_sub_layer_ordering_info_present_flag, sps_max_dec_pic_buffering_minus1{ i },
sps_max_num_reorder_pics[ i |, sps_max_latency_increase_plusl[ i ] are present in
this SPS.

In another embodiment one or more of the syntax elements may be signaled using a
known fixed number of bits instead of u(v) instead of ue(v). For example they could be
signaled using u(8) or u(16) or u(32) or u(64), etc.

In another embodiment one or more of these syntax element could be signaled with
ue(v) or some other coding scheme instead of {ixed number of bits such as u(v) coding.

In another embodiment the names of various syntax elements and their semantics
may be altered by adding a plus! or plus2 or by subtracting a minus1 or a minus2
compared to the described syntax and semantics.

In yet another embodiment various syntax elements may be signaled per picture
anywhere in the bitstream. For example they may be signaled in slice segment header,
pps/ sps/ vps/ or any other parameter set or other normative part of the bitstream.

In yet another embodiments all the concepts defined in this invention related to
output layer sets could be applied to output operation points {2,3] and/ or to operation
points [1].

Example 3

A method for video coding is disclosed. The method includes beginning to parse a
first slice header of a current picture. It is determined which steps performed by a
decoded picture buffer (DPB) will be picture based and which steps will be access unit
{AU) based. A removal from the DPB is performed. A picture output from the DPB is
performed. A decoding and storing of a current decoded picture in the DPB are
performed. The current decoded picture in the DPB is marked. An additional picture
output from the DPB is also performed.

In some configurations, the removal and the output from the DPB may be based on at
least one AU output flag, such as an AU output flag, an AU no rasl output flag and/or
an AU no output of prior pictures flag. The AU output flag may be derived based on
syntax elements signaled in the bitstream and other conditions. The AU flags represent
flags derived and applied at access unit (AU) level. In some cases, these will be flags
different than similar flags which are signaled or derived at picture level, such as a
picture output flag (e.g., pic_output_flag), a picture no rasl output flag (¢.g., No-
RaslOutputFlag) and/or a picturc no output of prior pictures flag (e.g.,
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no_output_of_prior_pics flag).

[0692]  In one configuration, a first AU output flag may be derived and used by the DPB and
a second AU output flag is derived and used by the DPB. In another configuration, all
picture output flag syntax element values may be constrained to the same value for all
coded pictures in an AU when a picture output flag is present in the first slice header.
In some configurations, all picture output flag syntax element values may be con-
strained to the same value for all coded pictures in an AU when a no picture output
flag is present in the first slice header.

[0693]  In one configuration, the removal may be picture based, the picture output may be
AU (access unit) based, the storing and decoding may be picture based, the marking
may be picture based, and the additional picture output may be AU based. The removal
from the DPB may remove one or more pictures from the DPB before decoding of the
current picture.

[0694]  In another configuration, the removal may be picture based, and the picture output,
the decoding and storing, the marking and the additional picture output may be AU
based. In yet another configuration, the removal, the picture output, the decoding and
storing, the marking and the additional picture output may be AU based. In another
configuration, the removal, the decoding and storing and the marking may be picture
based, and the picture output and the additional picture output may be AU based. In yet
another configuration, the removal, the picture output, the decoding and storing, the
marking and the additional picture output may be picture based.

[0695]  Marking the current decoded picture in the DPB may include a reference marking
step and an output marking step. The reference marking step may be picture based and
the output marking step may be AU based. A DPB fullness may be incremented by one
when a decoded picture is stored in the DPB in an empty storage buffer. The DPB
fullness may be decremented by one when a picture is output from the DPB. The DPB
fullness may be tracked per layer. The DPB fullness may also be tracked for an output
layer set.

[0696]  The DPB may include separately identified and managed picture buffers for decoded
pictures having one or more of different resolutions, different bit-depths and different
color chromaticity. The DPB may include a common pool of picture storage buffers. A
decoded picture may be stored in the picture storage buffers based on at least one of
size, resolution and bit-depth. In one configuration, a decoded picture may be stored in
one picture buffer slot of the picture storage buffers,

[0697]  The method may be performed by a decoder within an electronic device that
conforms to a scalable high efficiency video coding (SHVC) standard. The method
may also be performed by a decoder within an electronic device that conforms to a
multi-view high efficiency video coding (MV-HEVC) standard.
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[0698]

[0699]

[6700]

[0701]

An electronic device configured for video coding is also disclosed. The electronic
device includes a processor and memory in electronic communication with the
processor. Instructions in the memory are executable to begin to parse a first slice
header of a current picture. Instructions in the memory are also executable to determine
which steps performed by a decoded picture buffer (DPB) will be picture based and
which steps will be access unit (AU) based. Instructions in the memory are further ex-
ecutable to perform a removal from the DPB. Instructions in the memory are also ex-
ecutable to perform a picture output from the DPB. Instructions in the memory are
further executable to perform a decoding and storing of a current decoded picture in
the DPB. Instructions in the memory are also executable to mark the current decoded
picture in the DPB. Instructions in the memory are further executable to perform an ad-
ditional picture output from the DPB,

Various configurations are now described with reference to the Figures, where like
reference numbers may indicate functionally similar elements. The systems and
methods as generally described and illustrated in the Figures herein could be arranged
and designed in a wide variety of different configurations. Thus, the following more
detailed description of several configurations, as represented in the Figures, is not
intended to limit scope, as claimed, but is merely representative of the systems and
methods.

Figure 63 is a block diagram illustrating video coding between multiple electronic
devices 2102a-b. A first electronic device 2102a and a second electronic device 2102b
are illustrated. However, it should be noted that one or more of the features and func-
tionality described in relation to the first electronic device 2102a and the second
electronic device 2102b may be combined into a single electronic device 102 in some
configurations. Each electronic device 102 may be configured to encode video and/or
decode video. The electronic devices 102 may be configured to use hybrid decoded
picture buffer (DPB) operation. Hybrid decoded picture buffer (DPB) operation refers
to scenarios where the various steps of removal, output (bumping), storage, marking
and additional output (bumping) performed on a decoded picture buffer (DPB) 116
happen on either a picture basis or an access unit (AU) basis. Although specific com-
binations of these steps are referred to as being performed on a picture basis or an
access unit (AU) basis, all possible combinations of doing each of these steps indi-
vidually on either a picture basis or an access unit (AU) basis are supported.

As used herein, access unit (AU) refers to a set of network abstraction layer (NAL)
units that are associated with each other according to a specified classification rule,
that are consecutive in decoding order, and that include the video coding layer (VCL)
NAL units of all coded pictures associated with the same output time and their as-
sociated non-VCL NAL units. The base layer is a layer in which all VCL NAL units
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have a nuh_layer_id equal to 0. A coded picture is a coded representation of a picture
that includes VCL NAL units with a particular value of nuh_layer_id and that includes
all the coding tree units of the picture. In some cases, a coded picture may be called a
layer component. Addition details about steps being picture based or access unit (AU)
based are given in relation to Figures 69 and 70 below.

[0702]  In one configuration, each of the electronic devices 102 may conform to the High Ef-
ficiency Video Coding (HEVC) standard, the Scalable High Efficiency Video Coding
(SHVC) standard or the Multi-view High Efficiency Video Coding (MV-HEVC)
standard. The HEVC standard is a video compression standard that acts as a successor
to H.264/MPEG-4 AVC (Advanced Video Coding) and that provides improved video
quality and increased data compression ratios. As used herein, a picture is an array of
luma samples in monochrome format or an array of luma samples and two corre-
sponding arrays of chroma samples in 4:2:0, 4:2:2 and 4:4:4 colour format or some
other colour format. The operation of a hypothetical reference decoder (HRD) and the
operation of the output order decoded picture buffer (DPB) 116 are described for
SHVC and MV-HEVC in JCTVC-M1008, JCTVC-L1008, ICTVC-D1004,
JCT3V-C1004, JCTVC-1.0453 and JCTVC-L0452.

[0703]  The first electronic device 2102a may include an encoder 2108 and an overhead
signaling module 2112. The first electronic device 2102a may obtain an input picture
2106. In some configurations, the input picture 2106 may be captured on the first
electronic device 2102a using an image sensor, retrieved from memory and/or received
{rom another electronic device 102. The encoder 2108 may encode the input picture
2106 to produce encoded data 2110. For example, the encoder 2108 may encode a
series of input pictures 2106 (e.g., video). The encoded data 2110 may be digital data
(e.g., a bitstream).

[0704]  The overhead signaling module 2112 may generate overhead signaling based on the
encoded data 2110. For example, the overhead signaling module 2112 may add
overhead data to the encoded data 2110 such as slice header information, video
parameter set (VPS) information, sequence parameter set (SPS) information, picture
parameter set (PPS) information, picture order count (POC), reference picture des-
ignation, etc. In some configurations, the overhead signaling module 2112 may
produce a wrap indicator that indicates a transition between two sets of pictures.

[0705]  The encoder 2108 (and overhead signaling module 2112, for cxample) may produce
a bitstream 2114. The bitstream 2114 may include encoded picture data based on the
input picture 2106. In some configurations, the bitstream 2114 may also include
overhead data, such as slice header information, VPS information, SPS information,
PPS information, etc. As additional input picturcs 2106 are encoded, the bitstream

2114 may include one or more encoded pictures. For instance, the bitstream 2114 may
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include one or more encoded reference pictures and/or other pictures.

{0706]  The bitstream 2114 may be provided to a decoder 2104. In one example, the
bitstream 2114 may be transmitted to the second electronic device 2102b using a wired
or wireless link. In some cases, this may be done over a network, such as the Internet
or a LLocal Area Network (LLAN). As illustrated in Figure 63, the decoder 2104 may be
implemented on the second electronic device 2102b separately from the encoder 2108
on the first electronic device 2102a. However, it should be noted that the encoder 2108
and decoder 2104 may be implemented on the same electronic device 102 in some con-
figurations. When the encoder 2108 and decoder 2104 are implemented on the same
electronic device, for instance, the bitstream 2114 may be provided over a bus to the
decoder 2104 or stored in memory for retrieval by the decoder 2104.

{0707]  The decoder 2104 may receive (e.g., obtain) the bitstream 2114. The decoder 2104
may generate a decoded picture 2118 (e.g., one or more decoded pictures 2118) based
on the bitstream 2114. The decoded picture 2118 may be displayed, played back,
stored in memory and/or transmitted to another device, etc.

[0708]  The decoder 2104 may include a decoded picture buffer (DPB) 116. The decoded
picture buffer (DPB) 116 may be a buffer holding decoded pictures for reference,
output reordering or output delay specified for a hypothetical reference decoder
(HRD). On an electronic device 102, a decoded picture buffer (DPB) 116 may be used
to store reconstructed (e.g., decoded) pictures at a decoder 2104. These stored pictures
may then be used, for example, in an inter-prediction mechanism. When pictures are
decoded out of order, the pictures may be stored in the decoded picture buffer (DPB)
116 so they can be displayed later in order.

[0709]  In the H.264 or advance video coding (AVC) standard, decoded picture buffer (DPB)
116 management (e.g., deletion, addition of pictures, reordering of pictures, etc.) is
carried out using memory management control operations (MMCO). Many different
decoded picture buffer (DPB) 116 management approaches are under consideration.

[0710]  The decoder 2104 may include a hybrid decoded picture buffer (DPB) operation
module 2120. The hybrid decoded picture buffer (DPB) operation module 2120 may
allow for decoded picture buffer (DPB) 116 management approaches with picture basis
steps 2122 and/or decoded picture buffer (DPB) 116 management approaches with
access unit (AU) based steps 2124. For example, one advantage of the use of picture
based steps 2124 for removal, storage and reference marking is that optimal decoded
picture buffer (DPB) 116 memory will be used by various layers. Thus, the overall
required memory when using picture based steps may be lower. One advantage of the
use of access unit (AU) based steps 2124 for output (including output, output marking
and additional output) is that the output process may be simplified.

[0711]  Figure 64 is a flow diagram of a method 2200 for hybrid decoded picture buffer
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(DPB) 116 operation. The method 2200 may be performed by a decoded picture buffer
(DPB) 116 as part of a decoder 2104 on an electronic device 102. In one configuration,
the method 2200 may be performed by a hybrid decoded picture buffer (DPB)
operation module 2120. The decoded picture buffer (DPB) 116 may begin parsing
2202 a first slice header of a current picture. The decoded picture buffer (DPB) 116
may determine 2204 which steps of the hybrid decoded picture buffer (DPB) operation
will be picture based and which steps will be access unit (AU) based.

[0712]  The decoded picture buffer (DPB) 116 may perform 2206 a removal (without output)
from the decoded picture buffer (DPB) 116. The removal may remove pictures from
the decoded picture buffer (DPB) 116 before the decoding of the current picture. The
decoded picture buffer (DPB) 116 may perform 2208 a picture output (bumping) from
the decoded picture buffer (DPB) 116. A picture output (bumping) may refer to the
output of pictures from the decoded picture buffer (DPB) 116 at the coded picture
buffer (CPB) removal time. In some configurations, the term bumping may be used to
indicate the output of one or more pictures from the decoded picture buffer (DPB) 116.
Thus, the terms bumping and output may be used interchangeably.

[0713]  The decoded picture buffer (DPB) 116 may decode 2210 and store the current picture
in the decoded picture buffer (DPB) 116. The decoded picture buffer (DPB) 116 may
mark 2212 the current decoded picture stored in the decoded picture buffer (DPB) 116.
For example, the decoded picture buffer (DPB) 116 may mark 2212 the current
decoded picture as "unused for reference," "used for reference," "

"not needed for output.” The decoded picture buffer (DPB) 116 may also perform 2214

another picture output (additional bumping) from the decoded picture buffer (DPB)

needed for output” or

116. In some configurations, a repeated removal/bumping of pictures from the decoded
picture buffer (DPB) 116 may occur until certain conditions are satisfied.

[0714]  Figure 65 is a flow diagram of another method 2300 for hybrid decoded picture
buffer (DPB) 116 operation. For example, the method 2300 of Figure 65 may be a
preferred method for hybrid decoded picture buffer (DPB) 116 operation. The method
2300 may be performed by a decoded picture buffer (DPB) 116 as part of a decoder
2104 on an electronic device 102. In one configuration, the method 2300 may be
performed by a hybrid decoded picture buffer (DPB) operation module 2120. The
decoded picture buffer (DPB) 116 may begin parsing 2302 a first slice header of a
current picture. The term hybrid refers to the fact that some of the decoded picture
buffer (DPB) 116 operation steps are performed on a picturc basis and some of the
decoded picture buffer (DPB) 116 operation steps are performed on an access unit
(AU) basis. The decoded picture buffer (DPB) 116 may perform 2304 a picture based
removal (without output) from the decoded picture buffer (DPB) 116. The decoded
picture buffer (DPB) 116 may perform 2306 an access unit (AU) based picture output
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(bumping) from the decoded picture buffer (DPB) 116. The decoded picture buffer
(DPB) 116 may perform 2308 picture based decoding and storage of the current
picture in the decoded picture buffer (DPB).

[0715]  The decoded picture buffer (DPB) 116 may perform 310 picture based marking of
the current decoded picture in the decoded picture buffer (DPB). The marking step
performed by the decoded picture buffer (DPB) 116 may be further sub-divided to
include both a reference marking step and an output marking step. As used herein,
marking pictures as "unused for reference” or "used for reference" is referred to as the
reference marking step. A decoded picture in the decoded picture buffer (DPB) 116

von

can be marked as only one of "unused for reference,” "used for short-term reference,”
or "used for long-term reference” at any given moment during the decoding process
operation. Assigning one of these markings to a picture implicitly removes another of
the markings that is assigned to the picture. When a picture is referred to as being
marked as "used for reference,” this collectively refers to the picture being marked as
either "used for short-term reference” or "used for long-term reference,” but never
both. As used herein, marking pictures as "needed for output” or "not needed for
output” is referred to as the output marking step.

[0716]  The decoded picture buffer (DPB) 116 may operate in such a manner that the
reference marking step and the output marking step could happen on either a picture
basis or on an access unit (AU) basis. In general, all possible combinations (typically
four combinations) of doing these two marking steps individually on a picture basis or
on an access unit (AU) basis are supported. However, it may be preferable that the
reference marking step is picture based and the output marking step is access unit (AU)
based.

[0717]  The decoded picture buffer (DPB) 116 may also perform 2312 an access unit (AU)
based output marking of the current decoded picture. The decoded picture buffer
(DPB) 116 may perform 2314 another access unit (AU) based picture output
(additional bumping) from the decoded picture buffer (DPB) 116. In some config-
urations, a repeated removal/bumping of pictures from the decoded picture buffer
(DPB) 116 may occur until certain conditions are satisfied.

[0718]  In some approaches, bitstream conformance constraints may be required for flags in
the slice segment header. In some cases, the constraints may be applied for flags across
pictures belonging to the same access unit (AU). For example, the flags
pic_output_flag and/or no_output_of_prior_pics_flag may be required to follow
bitstrcam conformance constraints. For instance, JCTVC-L1003, JCTVC-M1008 and
JCT3V-D1004 each describe signaling in the slice segment header using
pic_output_flag and no_output_of_prior_pics_{flag. Further, flags such as Pi-
cOutputFlag, NoRaslOutputFlag and NoOutputOfPriorPicsFlag are derivable based on
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the syntax clements and NAL unit types.

[0719] JCTVC-L1003, JCTVC-M1008, and JCT3V-D1004, also include descriptions of
DPB for HEVC, SHVC and MV-HEVC. JICTVC-M1008 SHVC Draft Text 1 provides
text draft for a scalable extension of HEVC. JCT3V-D1004 MV-HEVC Draft Text 4
describes text draft for multi-view extension of HEVC.

[0720]  The video coded bitstream, according to JCTVC-L1003, JCTVC-M1008 and/or
JCT3V-D1004, may include a syntax structure that is placed into logical data packets
generally referred to as Network Abstraction Layer (NAL) units. Each NAL unit
includes a NAL unit header, such as a two-byte NAL unit header (e.g., 16 bits), to
identify the purpose of the associated data payload. For example, each coded slice
(and/or picture) may be coded in one or more slice (and/or picture) NAL units. Other
NAL units may be included for other categories of data, such as for example, sup-
plemental enhancement information, a coded slice of temporal sub-layer access (TSA)
picture, a coded slice of step-wise temporal sub-layer access (STSA) picture, a coded
slice a non-TSA, non-STSA trailing picture, a coded slice of broken link access
picture, a coded slice of instantaneous decoded refresh picture, a coded slice of clean
random access picture, a coded slice of decodable leading picture, a coded slice of
tagged for discard picture, a video parameter set, sequence parameter set, a picture
parameter set, access unit delimiter, an end of sequence, an end of bitstream, filler data
and/or a sequence enhancement information message. Table (7) bloew illustrates one
example of NAL unit codes and NAL unit type classes. Other NAL unit types may alos
be included, as desired.

[0721] It should also be understood that the NAL unit type values for the NAL units shown
in the Table (7) may be rearranged and reassigned. Also, additional NAL unit types
may be added or removed.

[0722]  Anintra random access point (IRAP) picture is a coded picture for which each video
coding layer NAL unit has nal_unit_type in the range of BLA_W_LP to
RSV_IRAP_VCIL.23, inclusive, as shown in Table (7) below. An IRAP picture
includes only Intra coded (I) slices.

[0723]  An instantaneous decoding refresh (IDR) picture is an IRAP picture for which each
video coding layer NAL unit has nal_unit_type equal to IDR_W_RADL or
IDR_N_LP, as shown in Table (7). An instantaneous decoding referesh (IDR) picture
includes only I slices and may be the first picture in the bitstream in decoding order, or
may appear later in the bitstream.

[0724]  Each IDR picture is the first picture of a coded video sequence (CVS) in decoding
order. A broken link access (BLA) picture is an IRAP picture for which each video
coding layer NAL unit has nal_unit_type equal to BLA_W_LP, BLA_W_RADL, or
BLA_N_LP, as shown in Table (7).
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decoding order, or may appear later in the bitstream. Each BLA picture begins a new

coded video sequence, and has the same effect on the decoding process as an IDR

picture. However, a BLA picture includes syntax elements that specify a non-empty

reference picture set.

[0726] [Table 42]

nal_unit_type Name of nal_unit_type Content of NAL unit and raw byte sequence NAL unit
payload (RBSP) syntax structure type class
0 TRAIL, N Coded slice segment of a non-TSA, non-STSA Video Coding
1 TRAIL R trailing picture Layer (VCL)
slice_segment layer rbsp()
2 TSA N Coded slice segment of a temporal sub-layer access VCL
3 TSA R (TSA) picture
slice segment layer rbsp()
4 STSA N Coded slice segment of an Step-wise Temporal sub- VCL
5 STSA_R layer access (STSA) picture
slice segment layer rbsp()
6 RADL N Coded slice segment of a random access decodable VCL
7 RADL R leading (RADL) picture
slice segment layer rbsp() :
8 RASL N Coded slice segment of a random access skipped VCL
9 RASL R leading (RASL) picture
slice_segment layer rbsp()
10 RSV_VCL_NI10 Reserved non-IRAP sub-layer non-reference VCL VCL
12 RSV_VCL _N12 NAL unit types
14 RSV VCL N14
11 RSY_VCL_R11 Reserved non-IRAP sub-layer reference VCI. NAL VCL
13 RSV_VCL _R13 unit types
15 RSV_VCL_RI15
16 BLA_W_LP Coded slice segment of a broken link access (BLA) VCL
17 BLA W _RADL picture
18 BLA N LP slice_segment layer rbsp()
19 IDR_W_RADL Coded slice segment of an instantaneous decoding VCL
20 IDR_N_LP refresh (IDR) picture
slice_segment layer rbsp()
21 CRA _NUT Coded slice segment of a clean random access YCL
(CRA) picture
slice_segment layer rbsp()
22 RSV_IRAP_VCL22 Reserved IRAP VCL NAL unit types V(L
23 RSV _IRAP VCL23
24.31 RSV_VCL24. Reserved non-JRAP VCL NAL unit types VCL
RSV _VCL31
32 VPS_NUT Video parameter set non-video
video_parameter_set_rbsp( ) coding layer
{non-VCL)
33 SPS_NUT Sequence parameter set non-YCL
seq parameter set rbsp() -
34 PPS_NUT Picture parameter set non-VCL
pic parameter set rbsp()
35 AUD_NUT Access unit delimiter non-VCL -
access unit_delimiter_rbsp()
36 EOS_NUT End of sequence non-VCL
end of seq rbsp()
37 EOB_NUT End of bitstream non-VCL
end of bitstream rbsp()
38 FD_NUT Filler data non-VCL
filler data rbsp()
39 PREFIX_SEI NUT Supplemental enhancement information non-VCL
40 SUFFIX SEI NUT sei rbsp()
41.47 RSV_NVCIAL. Reserved non-VCL
RSV _NVCLA7
48..63 UNSPEC43.. Unspecified non-VCL
UNSPEC63
Table (7)

[0727]  Referring to Table (8) below, the NAL unit header syntax may include two bytes of
data, namely, 16 bits. The first bit may be a "forbidden_zero_bit" that is always set to
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zero at the start of a NAL unit. The next six bits may be a "nal_unit_type" which
specifies the type of raw byte sequence payloads ("RBSP") data structure included in
the NAL unit as shown in Table (7) above. The next 6 bits may be a "nuh_layer_id"
which specify the indentifier of the layer. In some cases, these six bits may be
specified as "nuh_reserved_zero_6bits" instead. The nuh_reserved_zero_6bits may be
equal to O in the base specification of the standard. In a scalable video coding and/or
syntax extensions, nuh_layer_id may specify that this particular NAL unit belongs to
the layer identified by the value of these 6 bits.

[0728]  The next syntax clement may be "nuh_temporal_id_plusl”. The
nuh_temporal_id_plus! minus 1 may specify a temporal identifier for the NAL unit.
The variable temporal identifier Temporalld may be specified as Temporalld =
nuh_temporal_id_plus! - 1. The temporal identifier Temporalldis used to identify a
temporal sub-layer. The variable HighestTid identifies the highest temporal sub-layer
to be decoded.

[0729] [Table 43]

nal_unit_header() { Deseriptor
forbidden_zero_bit f(1)
nal_unit_type u(6)
nuh_layer id u(6)
nuh_temporal id_plusl u(3)
}
Table (8)

[0730]  Table (9) below shows an exemplary sequence parameter set (SPS) syntax structure.
pic_width_in_luma_samples specifies the width of each decoded picture in units of
luma samples. pic_width_in_luma_samples shall not be equal to 0.
pic_height_in_luma_samples specifies the height of each decoded picture in units of
luma samples. pic_height_in_luma_samples shall not be equal to 0.

[0731] sps_max_sub_layers_minus] plus 1 specifies the maximum number of temporal sub-
layers that may be present in each CVS referring to the SPS. The value of
sps_max_sub_layers_minusl ranges from 0 to 6, inclusive.

[0732]  sps_sub_layer_ordering_info_present_flag flag equal to 1 specifies that
sps_max_dec_pic_buffering_minusl[ i ], sps_max_num_reorder_pics[ 1], and
sps_max_latency_increase_plus1[ i ] syntax elements are present for
sps_max_sub_layers_minusl + 1 sub-layers.
sps_sub_layer_ordering_info_present_flag equal to O specifies that the values of
sps_max_dec_pic_buffering_minus1{ sps_max_sub_layers_minus] ],
sps_max_num_reorder_pics[ sps_max_sub_layers_minusl ], and

sps_max_latency_increase_plus1[ sps_max_sub_layers_minusl ] apply to all sub-
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layers.

[0733]  sps_max_dec_pic_buffering_minus1[i] plus 1 specifies the maximum required size
of the decoded picture buffer for the CVS in units of picture storage buffers when
HighestTid is equal to i. The value of sps_max_dec_pic_buffering minus1[ i ] ranges
from 0 to MaxDpbSize - 1, inclusive where MaxDpbSize specifies the maximum
decoded picture buffer size in units of picture storage buffers. When i is greater than 0,
sps_max_dec_pic_buffering minusl[ i ] shall be greater than or equal to
sps_max_dec_pic_buffering_minus1[i- 1]. When
sps_max_dec_pic_buffering_minus1{ i ] is not present for i in the range of 0 to
sps_max_sub_layers_minusl - 1, inclusive, due to
sps_sub_layer_ordering_info_present_flag being equal to 0, it is inferred to be equal to
sps_max_dec_pic_buffering_minus][ sps_max_sub_layers_minus1 ].

[0734]  sps_max_num_reorder_pics[ i ] indicates the maximum allowed number of pictures
that can precede any picture in the CVS in decoding order and follow that picture in
output order when HighestTid is equal to i. The value of sps_max_num_reorder_pics| i
] ranges from O to sps_max_dec_pic_buffering minus1[ i ], inclusive. When i is
greater than 0, sps_max_num_reorder_pics| i ] may be greater than or equal to
sps_max_num_reorder_pics[i- 1 ]. When sps_max_num_reorder_pics[ i ] is not
present for i in the range of 0 to sps_max_sub_layers_minus! - 1, inclusive, due to
sps_sub_layer_ordering_info_present_flag being equal to 0, it is inferred to be equal to
sps_max_num_reorder_pics[ sps_max_sub_layers_minus] ].

[0735]  sps_max_latency_increase_plusl[ i | not equal to O may be used to compute the
value of SpsMaxLatencyPictures[ i ], which specifies the maximum number of pictures
that can precede any picture in the CVS in output order and follow that picture in
decoding order when HighestTid is equal to i. When sps_max_latency_increase_plus1[
i ] is not equal to 0, the value of SpsMaxLatencyPictures]| i ] is specified as SpsMaxLa-
tencyPictures[ 1 ] = sps_max_num_reorder_pics[ 1] +
sps_max_latency_increase_plusl[ i ] - 1.When sps_max_latency_increase_plusi[i ] is
equal to 0, no corresponding limit is expressed.

[0736]  The value of sps_max_latency_increase_plusl[ i ] ranges from 0 to 232 - 2, inclusive.
When sps_max_latency_increase_plusl]| i ] is not present for i in the range of 0 to
sps_max_sub_layers_minus1 - 1, inclusive, due to
sps_sub_layer_ordering_info_present_flag being equal to 0, it is inferred to be equal to
sps_max_latency_increase_plus1| sps_max_sub_layers_minusl ].

[0737]
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[Table 44]

seq_parameter_set rbsp() {

sps_max_sub layers_minusl

pic_width in_luma samples
pic_height_in luma samples

for( 1= ( sps_sub_layer ordering info_present flag? 0 :
sps_max_sub_layers minusl );

I<=sps_max sub layers minusl; i++) {
sps_max_dec pic buffering minusl[i]
sps_max_num_reorder pics][i]
sps_max latency increase plusl|i]

Table (9)
[0738]  Further, JCTVC-1.1003 describes the HEVC standard. For example, detail regarding
pic_out_flag and no_output_of prior_pics_flag is provided in Table (10) below:
[0739] [Table 45]

GENERAL SLICE SEGMENT HEADER SYNTAX

slice_segment_header( ) {

first_slice segment in pic_flag

if( nal_unit_type>=BLA_W_LP&&nal_unit type<=RSV IRAP VCL23)
no_output_of prior pics flag

slice pic_parameter set id

if( Mirst_slice_segment_in_pic_flag ) {
if{ dependent_slice_segments_enabled flag )

dependent_slice_segment_flag

slice_segment_address

if( !dependent_slice segment flag ) {
for(1=0; 1 <num_extra_slice_header bits; i++)
slice _reserved_flag[i]
slice_type
if( output_flag_present_flag)
pic_output_flag

Table (10)

[0740]  In Table (10), no_output_of_prior_pics_flag affects the output of previously-decoded
pictures in the decoded picture buffer (DPB) after the decoding of an IDR or a BLA
picture that is not the first picture in the bitstream as specified in Annex C of JCTVC-
L.1003.
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[0741]

[0742]

[0743]

[0744]
[0745]

[0746]
[0747]

[0748]

[0749]

[0750]

[0751]

output_flag_present_flag equal to 1 indicates that the pic_output_flag syntax element
is present in the associated slice headers. output_flag_present_flag equal to O indicates
that the pic_output_flag syntax element is not present in the associated slice headers.
pic_output_flag affects the decoded picture output and removal processes as specified
in Annex C of JCTVC-L1003. When pic_output_flag is not present, it is inferred to be
equal to 1.

For the general decoding process (as found in 8.1 of JCTVC-L1003), PicOutputFlag
is set as follows:

- If the current picture is a RASL picture and NoRaslOutputFlag of the associated
IRAP picture is equal to 1, PicOutputFlag may be set equal to 0.

- Otherwise, PicOutputFlag may be set equal to pic_output_flag.

Additionally, during the general decoding process [or generating unavailable
reference pictures (as found in section 8.3.3.1 of JCTVC-L1003), the value of Pi-
cOutputFlag for the generated picture may be set equal to O under certain conditions.

When the current picture is an IRAP picture, the following applies:

- If the current picture is an IDR picture, a BLA picture, the first picture in the
bitstream in decoding order or the first picture that follows an end of sequence NAL
unit in decoding order, the variable NoRaslOutputFlag may be set equal to 1.

- Otherwise, if some external means not specified in JCTVC-L1003 is available to set
the variable HandleCraAsBlaFlag to a value for the current picture, the variable Han-
dleCraAsBlaFlag may be set equal to the value provided by the external means and the
variable NoRaslOutputFlag may be set equal to HandleCraAsBlaFlag.

- Otherwise, the variable HandleCraAsBlaFlag may be set equal to 0 and the variable
NoRaslOutputFlag may be set equal to 0.

As describe above, access unit (AU) refers to a set of network abstraction layer
(NAL) units that are associated with each other according to a specified classification
rule, that are consecutive in decoding order, and that include the video coding layer
(VCL) NAL units of all coded pictures associated with the same output time and their
associated non-VCL NAL units. The base layer is a layer in which all VCL NAL units
have a nuh_layer_id equal to 0. A coded picture is a coded representation of a picture
that includes VCL NAL units with a particular value of nuh_layer_id and that includes
all the coding tree units of the picture. In some cases, a coded picture may be called a
layer component. Addition details about steps being picture based or access unit (AU)
based are given in relation to Figures 69 and 70 below.

In some configurations, bitstream conformance constraints for pic_output_flag and/
or no_output_of_prior_pics_flag may be used for coded pictures in an access unit
(AU). In addition, three new access unit output flags, AU output flag (e.g., Au-
OutputFlag), AU no RASL output flag (e.g., AuNoRaslOutputFlag) and AU no output
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[0752]

[0753]

[0754]

[0755]

[0756]

[0757]

of prior pictures flag (e.g., AuNoOutputOfPriorPicsFlag), may be derived for an AU
based on the value of various syntax elements and NAL unit types for the coded
pictures in the AU. In some configurations, output and removal of pictures may be
based on these three flags (e.g.. AuOutputFlag, AuNoRaslQutputFlag and AuNoOut-
putOfPriorPicsFlag) for SHVC and multi-view HEVC.

For example, bitstream conformance constraints for HEVC-extensions may be
followed as described in the systems and methods herein. In particular, bitstream con-
formance constraints may be applied to the SHVC bitstream. In addition, bitstream
conformance constraints may be applied for the MV-HEVC bitstream.

In one configuration, when present, the value of the slice segment header syntax
clements pic_output_flag may be required to be the same in all slice segment headers
of coded pictures in an access unit (AU). In another configuration, the value of the
slice segment header syntax elements pic_output_flag, when present, may be the same
in all slice segment headers of coded pictures in an access unit (AU) when the coded
pictures have the same NAL unit type.

In one configuration, when present, the value of the slice segment header syntax
elements pic_output_flag for the slice segments with nuh_layer_id equal to the
nuh_layer_id value of a target layer may be the same in all slice segment headers of
such coded pictures in an access unit (AU). In another configuration, when present, the
value of the slice segment header syntax elements pic_output_flag for the slice
segments with nuh_layer_id not equal to the nuh_layer_id value of a target layer may
be 0 in all slice segment headers of such coded pictures in an access unit (AU).

In one configuration, a target layer may be a layer which belongs to a layer set or a
target layer set or an output layer sct as defined in JCTVC-L1003, JCTVC-M1008, or
JCT3V-D1004. In another configuration, a target layer may be a layer which is
intended to be decoded. In yet another configuration, a target layer may be a layer
which is intended to be decoded and outputted (displayed or otherwise sent for output).

In some configurations, when present, the value of the slice segment header syntax
elements no_output_of_prior_pics_flag may be the same in all slice scgment headers
of coded pictures in an access unit (AU). In other configurations, when present, the
value of the slice segment header syntax elements no_output_of_prior_pics_flag may
be the same in all slice segment headers of coded pictures in an access unit (AU) when
the coded pictures have the same NAL unit type. In one configuration, when present,
the value of the slice segment header syntax elements no_output_of_prior_pics_{lag
for the slice segments with nuh_layer_id equal to the nuh_layer_id value of a target
layer may be the same in all slice segment headers of such coded pictures in an access
unit (AU).

In some configuration, the syntax elements pic_output_flag and/or
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[0758]

[0759]

[0760]

[0761]

[0762]

[0763]

[0764]

[0765]

[0766]

[0767]

no_output_of_prior_pics_flag may not be signaled when nuh_layer_id > 0. In this
case, the values for layers with nuh_layer_id > 0 may be inferred to be equal to their
signaled values for nuh_layer_id equal to 0.

In some configurations, additional flags, such as AuQutputFlag and AuNo-
RaslOutputFlag may be employed. The flags AuOutputFlag and AuNoRaslOutputFlag
may be derived according to a number of approaches. In one approach or con-
figuration, the two flags, AuQutputFlag and AuNoRaslOutputFlag may be derived and
used for DPB operation. AuOutputFlag may be set equal to 1 if PicOutputFlag is equal
to 1 for all the pictures in the AU. Otherwise AuQutputFlag may be set equal to 0.

In another approach, AuOutputFlag may be sct equal to 1 if PicOutputFlag is equal
to 1 for at least one picture in the AU. Otherwise AuOutputFlag may be set equal to 0.
Thus, in this case, the AuOutputFlag may be set equal to 0 if PicOutputFlag is equal to
0 for all the pictures in an AU.

In yet another approach, AuOutputFlag may be set equal to 1 if PicOutputFlag is
equal (o 1 for pictures belonging to all target output layers in the AU, Otherwise Au-
OutputFlag may be set equal to 0.

In still yet another approach, AuOutputFlag may be set equal to 1 if PicOutputFlag is
equal to 1 for picture belonging to at least one target output layers in the AU.
Otherwise AuQutputFlag may be set equal to 0.

In one approach, AuNoRaslOutputFlag may be set equal to 1 if NoRaslOutputFlag is
equal to 1 for all the pictures in the AU. Otherwise AuNoRaslQutputFlag may be set
equal to 0.

In another approach, AuNoRaslOutputFlag may be set equal to 1 if No-
RaslOutputFlag is equal to 1 for at least one picture in the AU. Otherwise AuNo-
RaslOutputFlag may be set equal to 0. Thus, in this case, the AuNoRaslOutputFlag
may be set equal to O if NoRaslOutputFlag is equal to 0 for all the pictures in an AU.

In yet another approach, AuNoRaslOutputFlag may be set equal to 1 if No-
RaslOutputFlag is equal to 1 for pictures belonging to all target output layers in the
AU. Otherwise AuNoRaslOutputFlag may be set equal to 0.

In still yet another approach, AuNoRaslOutputFlag may be set equal to 1 if No-
RaslOutputFlag is equal to 1 for picture belonging to at lcast one target output layers in
the AU. Otherwise AuNoRaslOutputFlag may be set equal to 0.

In some of the above approaches and configurations, the DPB operation may use the
AuOutputFlag in place of the PicOutputFlag. Additionally, the DPB operation may use
AuNoRaslOutputFlag in place of the NoRaslOutputFlag.

Examples showing the use of AU output flags, such as AuOutputFlag and AuNo-
RaslOutputFlag, according to the present systems and methods, are provided below in
Listing (1A) and Listing (2A) below. Also, as described below in Listing (1), Listing
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(1A), Listing (2) and Listing (2A), the AU output flag AuNoOutputOfPriorPicsFlag
may be derived and used for DPB operation.

[0768]  The present systems and methods may be implemented by changes to standards
documents. Listing (1) below provides the sections of JCTVC-L1003 that would be
changed to accommodate the present systems and methods.

Listing 1
[0769] c3 Operation of the decoded picture buffer (DPB)

C.3.1 General

The speciﬁcétions in this subclause apply independently to each set of DPB parameters selected
as specified in subclause C.1. The DPB operates separately or independently for each layer. Thus
the following steps take place separately for each decoded picture with a particular value of
nubh_layer id.

The decoded picture buffer contains picture storage buffers. Each layer consists of its own set of
picture storage buffers. Thus picture storage buffers of each layer are associated with the
nub_layer_id value of the layer. Each of the picture storage buffers may contain a decoded
picture that is marked as “used for reference” or is held for future output. The processes specified

in subclauses C.3.2, C.3.3 and C.3.4 are sequentially applied as specified below.

C.3.2 Removal of pictures from the DPB
The removal of pictures from the DPB before decoding of the current picture (but after parsing
the slice header of the first slice of the current picture) happens instantaneously at the CPB
removal time of the first decoding unit of the current picture belonging to access unit n
(containing the current picture) and proceeds as follows:
— The decoding process for RPS as specified in subclause 8.3.2 is invoked,
—  When the current picture is an IRAP picture with NoRaslOutputFlag equal to 1 that is not
picture 0, the following ordered steps are applied:
1. The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as follows:

— If the current picture is a CRA picture, NoOutputOfPriorPicsFlag is set equal to 1
(regardless of the value of no_output of prior_pics flag).

—  Otherwise, if the value of pic width_in_Juma_samples,
pic_height in luma_samples, or sps_max_dec_pic_buffering_minus1[ HighestTid ]
derived from the active SPS corresponding to the nuh layer id value of the current
picture is different from the value of pic_width_in_luma samples,
pic_height;in_luma_samples, or sps_max_dec_pic_buffering_minus1{ HighestTid ],

respectively, derived from the SPS active for the preceding picture with the
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nuh layer id value equal to the nuh_layer id value of the current picture,
NoOutputOfPriorPicsFlag may (but should not) be set to 1 by the decoder under test,

regardless of the value of no_output_of prior_pics_flag.

NOTE — Although setting NoOutputOfPriorPicsFlag equal to
no_output of prior pics_flag is preferred under these conditions, the decoder
under test is allowed to set NoOutputOfPriorPicsFlag to 1 in this case.
—  Otherwise, NoOutputOfPriorPicsFlag is set equal to no_output of prior pics_flag.
2. The value of NoOutputOfPriorPicsFlag derived for the decoder under test is applied for
the HRD, such that when the value of NoOutputOfPriorPicsFlag is equal to 1, all picture
storage buffers corresponding to the nuh_layer id value of the current picturc in the
DPB are emptied without output of the pictures they contain, and the DPB fullness for
the nuh_layer id value of the current picture is set equal to 0.
In one embodiment the value of NoOutputOfPriorPicsFlag derived for the decoder under
test is applied for the HRD, such that when the value of NoOutpﬁtOﬂ’riorPicsFlag is
equal to 1, all picture storage buffers corresponding to all the nuh_layer id values in the
DPB are emptied without output of the pictures they contain, and the DPB fullness for all
nuh_layer_id values is set equal to 0.
In one embodiment the value of NoOutputOfPriorPicsFlag derived for the decoder under
test is applied for the HRD, such that when the value of NoOutputOfPriorPicsFlag is
equal to 1, all picture storage buffers PSB[currLayerld] with currLayerld equal to
nuh_layer id value of the current picture in the DPB are emptied without output of the
pictures they contain, and the DPB fullness DPBFullness[currLayerld] for the
nuh_layer_id value currLayerld of the current picture is set equal {o 0.
In one embodiment the value of NoOutputOfPriorPicsFlag derived for the decoder under
test is applied for the HRD, such that when the value of NoOutputOfPriorPicsFlag is
equal to 1, all picture storage bufters PSBfnuh_layer_id] for all the nuh_layer_id values
in the DPB are emptied without output of the pictures they contain, and the DPB fullness
DPBFullness[nuh_layer_id] for all nuh layer id values is set equal to 0.
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-~ When both of the following conditions are true for any pictures k in the picture storage
buffer corresponding to the nuh_layer id value of the current picture in the DPB, all such
pictures k in the DPB are removed from the DPB:

—  picture k is marked as “unused for reference”

—~  picture k has PicOutputFlag equal to 0 or its DPB output time is less than or equal to the
CPB removal time of the first decoding unit (denoted as decoding unit m) of the current
picture n; i.e. DpbOutputTime[ k ] is less than or equal to CpbRemovalTime( m )

— For each picture that is removed from the DPB, the DPB fullness is decremented by one.

— In one embodiment for each picture k having nuh layer id value nuhLayerldk that is
removed from the DPB, the DPB fullness DPBfullness[nuhLayerlIdk] is decremented by

one.

C.3.3 Picture output

The processes specified in this subclause happen instantaneously at the CPB removal time of
access unit n, AuCpbRemovalTime[ n ].

When picture n has PicOutputFlag equal to 1, its DPB output time DpbQutputTime[n ] is
derived as follows, where the variable firstPicInBufferingPeriodFlag is equal to 1 if access unit n

is the first access unit of a buffering period and 0 otherwise:

if( 1SubPicHrdFlag )} {
DpbOutputTime{ n ] = AuCpbRemovalTime[ n ] + ClockTick * picDpbOutputDelay (C-16)
if( firstPicInBufferingPeriodFlag )
DpbOutputTime[ n ] —= ClockTick * DpbDelayOffset
} else
DpbOutputTime[ n ] = AuCpbRemovalTime[ n | + ClockSubTick *
picSptDpbOutputDuDelay

where picDpbOutputDelay is the value of pic_dpb_output delay in the picture timing SEI
message associated with access unit n, and picSptDpbOutputDuDelay is the value of
pic_spt_dpb_output_du_delay, when present, in the decoding unit information SEI messages
associated with access unit n, or the value of pic_dpb_output_du_delay in the picture timing SEI

message associated with access unit n when there is no decoding unit information SEI message
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associated with access unit n or no decoding unit information SEI message associated with
access unit n has pic_spt_dpb_output_du_delay present.
NOTE — When the syntax element pic_spt _dpb_output du delay is not present in any
decoding unit information SEI message associated with access unit n, the value is inferred to
be equal to pic_dpb_output du delay in the picture timing SEI message associated with
access unit n. ‘

The output of the current picture if its nuh layer id belongs to the layer in the

TargetDecLayerldList is specified as follows:

- If PicOutputFlag is equal to 1 and DpbOutputTime[ n | is equal to AuCpbRemovalTime[ n ],
the current picture is output.

~  Otherwise, if PicOutputFlag is equal to 0, the current picture is not output, but will be stored

in the picture storage buffer corresponding to the nuh_layer_id value of the current picture in
the DPB as specified in subclause C.3.4.
In one embodiment: Otherwise, if PicOutputFlag is equal to 0, the current picture is not
output, but will be stored in the picture storage buffer PSB[currLayerld] corresponding to the
nuh layer id value currLayerld of the current picture in the DPB as specified in
subclause C.3.4.

— Otherwise (PicOutputFlag is equal to 1 and DpbOutputTime[n] is greater than
AuCpbRemovalTime[ n] ), the current picture is output later and will be siored in the
picture storage buffer corresponding to the nuh_layer id value of the current picture in the
DPB (as specified in subclause C.3.4) and is output at time DpbOutputTime| n ] unless
indicated not to be output by the decoding or inference of no_output_of prior pics flag
equal to I at a time that precedes DpbOutputTime[ n .

In another embodiment the above steps are specified for:

The output of the current picture if its nuh_layer_id belongs to a layer which belongs to the

output layer set corresponding to the (current) operation point.

In yet another embodiment the above steps are specified for:

The output of current picture (without checking if it belongs to the TargetDecLayerIdList or the

output layer set for the current operation point).
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When output, the picture is cropped, using the conformance cropping window specified in the
active SPS for the picture.

‘When picture n is a picture that is output and is not the Jast picture of the bitstream that is output,
the value of the variable DpbQOutputInterval[ n ] is derived as follows:

DpbOutputInterval[ n ] = DpbOutputTime[ nextPicInOutputOrder | — DpbOutputTime[ n J(C-17)

where nextPicInOutputOrder is the picture that follows picture n in output order and has

PicOutputFlag equal to 1.

C.3.4 Current decoded picture marking and storage

The process specified in this subclause happens instantaneously at the CPB removal time of
access unit n, CpbRemovalTime[ n ] .

The current decoded picture is stored in the DPB in an empty picture storage buffer
corresponding to the nuh_layer id value of the current picture, the DPB fullness for the
nuh _layer_id value of the current picture is incremented by one, and the current picture is
marked as “used for short-term reference.”

In one embodiment:

The current decoded picture with nuh_layer_id equal to currLayerld is stored in the DPB in an
empty picture storage buffer PSB[currLayerld] with currLayerld equal to nuh_layer id value of
the current picture in the DPB, the DPB fullness for the nuh layer id value of the current picture
DPBFullness[currLayerld] is incremented by one, and the current picture is marked as “used for

short-term reference.”

C.4 Bitstream conformance

The specifications in subclause C.4 apply.
C.5 Decoder conformance

F.8.1.1 C.5.1 General

The specifications in subclause C.5.1 apply.

Listing (1)

[0770]  As used in Listing (1) above, PSB refers to a picture storage buffer. DPBFullness
refers to a variable used to describe the fullness of decoded picture buffer (DPB) 116.

[0771]  Listing (1A) below provides an alternative approach to section C.3.2 of Listing (1)
according to accommodate the present systems and methods. In some configurations,
Listing (1A) may only represent changes to section C.3.2 in JCTVC-L1003. Listing
(1A) may use the flags AuNoOutputOfPriorPicsFlag and AuNoRaslOutputFlag
defined above.
Listing 1A

[0772]
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C.3.2 Removal of pictures from DPB
The removal of pictures from the DPB before decoding of the current picture (but after parsing
the slice header of the first slice of the current picture) happens instantaneously at the CPB
removal time of the first decoding unit of the current picture belonging to access unit »
(containing the current picture) and proceeds as follows:
— The decoding process for RPS as specified in subclause 8.3.2 is invoked.
—  When the current picture is an IRAP picture with AuNoRaslOutputFlag equal to 1 that is not
picture 0, the following ordered steps are applied:
—~ In another configuration, when the current picture is an IRAP picture with
NoRaslOutputFlag equal to 1 that is not picture 0, the following ordered steps are applied:
1. The variable AuNoOutputOfPriorPicsFlag is derived for the decoder under test as
follows:

- ~ If'the current picture is a CRA picture, AuNoOutputOfPriorPicsFlag is set equal to 1
(regardless of the value of no_output_of prior pics flag for the current picture or
other pictures in the AU).

— Otherwise, if the value of pic_width_in luma samples,
pic_height in luma_samples, or sps_max_dec pic_buffering minusl Highest’l‘id ]
derived from the active SPS is different from the wvalue of
pic_width_in_luma_samples, pic_height in luma_samples, or
sps_max_dec_pic_buffering minus1{ HighestTid ], respectively, derived from the
SPS active for the preceding picture, AuNoOutputOfPriorPicsFlag may (but should
not) be set to 1 by the decoder under test, regardless of the value of
no_output_of prior pics_flag.

NOTE - Although setting AuNoOutputOfPriorPicsFlag equal to
no_output of prior pics flag is preferred under these conditions, the decoder

under test is allowed to set AuNoOutputOfPriorPicsFlag to 1 in this case.
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— Otherwise, AuNoOutputOfPriorPicsFlag is set based on the value of
no_output_of_prior_pics_flag for the current picture and other pictures in the AU as
follows:

— AuNoOutputOfPriorPicsFlag is set equal to 1 if no_output_of prior_pics_flag
is equal to 1 for at least one picture in the AU. Otherwise
AuNoOutputOfPriorPicsFlag is set equal to 0. Thus in this case the
AuNoOutputOfPriorPicsFlag is set equal to 0 if no_output_of prior_pics_flag
is equal to 0 for all the pictures in an AU.

~ In another embodiment AuNoOutputOfPriorPicsFlag is set equal to 1 if
no_output_of prior_pics_flag is equal to 1 for the current picture. Otherwise
AuNoOutputOfPriorPicsFlag is left unchanged.

— In another embodiment AuNoOutputOfPriorPicsFlag is set equal to 1 if
no_output_of prior_pics_flag is equal to 1 for all the pictures in the AU.
Otherwise AuNoOutputOfPriorPicsFlag is set equal to 0.

— In another embodiment AuNoOutputOfPriorPicsFlag is set equal to 1 if
no_output_of_prior_pics_flag is equal to 1 for all the pictures belonging to the
target output layers in the AU. Otherwise AuNoOutputOfPriorPicsFlag is set
equal to 0.

- In anothér embodiment AuNoOutputOfPriorPicsFlag is set equal to 1 if
no_output_of prior_pics_flag is equal to 1 for at least one picture belonging
to the target output layers in the AU. Otherwise AuNoOutputOfPriorPicsFlag
is set equal to 0.

2. The value of AuNoOutputOfPriorPicsFlag derived for the decoder under test is applied
for the HRD, such that when the value of AuNoOutputOfPriorPicsFlag is equal to 1, all
picture storage buffers corresponding to all the nuh_layer id values in the DPB are
emptied without output of the pictures they contain, and the DPB fullness for all the
nuh_layer_id values is set equal to 0.

In another embodiment, the value of AuNoOutputOfPriorPicsFlag derived for the

decoder under test is applied for the HRD, such that when the value of

AuNoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers corresponding to

the nuh_layer_id value of the current picture in the DPB are emptied without output of

the pictures they contain, and the DPB fullness for the nuh_layer_id value of the current
picture is set equal to 0.
Listing (1A)
[0773]  Listing (2) below provides the sections of JCTVC-L1008 that would be changed to
accommodate the present systems and methods.
Listing 2
[0774]

CA 3034598 2019-02-22



WO 2014/167817 PCT/JP2014/001967

F.13 Hypothetical reference decoder

F.13.1 General

The specifications in subclause C.1 apply.

F.13.2 Operation of coded picture buffer (CPB)

The specifications in subclause C.2 apply.

F.133 Operation of the decoded picture buffer (DPB)

The specifications in subclause C.3 apply separately for cach set of decoded pictures with a

particular value of nuh_layer_id.
PicOutputFlag for pictures that are not included in a target output layer is set equal to 0.

Decoded pictures with the same DPB output time and with PicOutputFlag equal to 1 are output

in ascending order of nuh_layer_id values of these decoded pictures.
F.13.5 Decoder conformance

F.13.5.1 General

The specifications in subclause C.5.1 apply.

F.13.5.2 Operation of the output order DPB

F.13.5.2.1 General

The decoded picture buffer contains picture storage buffers. Each layer consists of its own set of
picture storage buffers. Thus picture storage buffers of each layer are associated with the
nuh_layer_id value of the layer. The number of picture storage buffers for nuh_layer id equal to
0 is derived from the active SPS of the layer with nuh_layer id equal to 0. The number of picture
storage buffers for each non-zero nuh_layer_id value is derived from the active layer SPS for
that non-zero nuh_layer_id value. Each of the picture storage buffers contains a decoded picture
that is marked as “used for reference” or is held for future output. The process for output and

removal of pictures from the DPB as specified in subclause F.13.5.2.2 is invoked, followed by
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the invocation of the process for picture decoding, marking, additional bumping, and storage as
specified in subclause F.13.5.2.3. The “bumping” process is specified in subclause F.13.5.2.4
and is invoked as specified in subclauses F.13.5.2.2 and F.13.5.2.3. ‘

F.13.5.2.2 Output and removal of pictures from the DPB
The output and removal of pictures from the DPB before the decoding of the current picture (but
after parsing the slice header of the first slice of the current picture) happens instantaneously
when the first decoding unit of the current picture belonging to the access unit containing the
current picture is removed from the CPB and proceeds as follows.
The decoding process for RPS as specified in subclause 8.3.2 is invoked.
— [If the current picture is an IRAP picture with NoRaslOutputFlag equal to 1 and with
nuh_layer id equal to 0 that is not picture 0, the following ordered steps are applied:
1. The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as follows:

— If the current picture is a CRA picture, NoOutputOfPriorPicsFlag is set equal to 1
(regardless of the value of no_output_of prior pics_ flag).

- Otherwise, if the value of pic_width in luma samples,
pic_height in luma samples, or sps_max_dec_pic_buffering minusl[ HighestTid ]
derived from the active SPS corresponding to the nuh_layer id value of the current
picture is different from the value of pic width_in luma samples,
pic_height_in_luma_samples, or sps_max__dcc_: _pic_buffering minus1[ HighestTid ],
respectively, derived from the SPS active for the preceding picture with the
nuh_layer_id value equal to the nuh_layer id value of the current picture,
NoOutputOfPriorPicsFlag may (but should not) be set to 1 by the decoder under test,
regardless of the value of no_output_of prior_pics flag.

NOTE — Although setting NoOutputOfPriorPicsFlag equal to
no_output_of prior_pics_flag is preferred under these conditions, the decoder
under test is allowed to set NoOutputOfPriorPicsFlag to 1 in this case.

—  Otherwise, NoOutputOfPriorPicsFlag is set equal to no_output_of prior_pics flag.

2. The value of NoOutputOfPriorPicsFlag derived for the decoder under test is applied for
the HRD as follows:

—  If NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers corresponding
to the nuh_layer id value of the current picture in the DPB are emptied without
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output of the pictures they contain, and the DPB fullness for the nuh_layer id value

of the current picture is set equal to 0.

In one embodiment if NoOutputOfPriofPicsFlag 1s equal to 1, all picture storage
buffers corresponding to all the nuh_layer id values in the DPB are emptied without
output of the pictures they contain, and the DPB fullness for all nuh_layer id values
is set equal to 0.

In one embodiment if NoOutputOfPriorPicsFlag is equal to 1, all picture storage
buffers PSB[currLayerld] corresponding to the nuh _layer id value currLayerld of
the current picture in the DPB are emptied without output of the pictures they
contain, and the DPB fullness DPBFullness[currLayerld] is set equal to 0.

In one embodiment if NoOutputOfPriorPicsFlag is equal to 1, all picture storage
buffers PSB[nuh_Iayer _id] for all the nuh_layer_id values in the DPB are emptied
without output of the pictures they contain, and the DPB fullness
DPBFullness[nuh_layer_id] for all nuh_layer_id values is set equal to 0.

—~ Otherwise (NoOutputOfPriorPicsFlag is equal to 0), all picture storage buffers
containing a picture that is marked as “not needed for output” and “unused for
reference” are emptied (without output), and all non-empty picture storage buffers in
the DPB corresponding to the nuh_layer_id value of the current picture are emptied
by repeatedly invoking the “bumping” process specified in subclause F.13.5.2.4, and
the DPB fullness for the nuh_layer id value of the current picture is set equal to 0.

In another embodiment when NoQutputOfPriorPicsFlag is equal to 0, all picture
storage buffers corresponding to all the nuh_layer id values containing a picture that
is marked as “not needed for output” and “unused for reference” are emptied (without
output), and all non-empty picture storage buffers corresponding to all the
nuh_layer id values in the DPB are emptied by repeatedly invoking the “bumping”
process specified in subclause F.13.5.2.4, and the DPB fullness for all nuh_layer id
values is set equal to 0.

~ In another embodiment Otherwise (NoOutputOfPriorPicsFlag is equal to 0), all
picture storage buffers containing a picture that is marked as “not needed for output™

and “unused for reference” are emptied (without output), and all pon-empty picture
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storage buffers PSBlcurrLayerld] in the DPB corresponding to the nuh layer id
value currLayerld of the current picture are emptied by repeatedly invoking the
“bumping” process specified in subclause F.13.5.2.4, and the DPB fullness
DPBFullness[currLayerId] for the nuh_layer_id value of the current picture is set
equal to 0.

— In another embodiment when NoQutputOfPriorPicsFlag is equal to 0, all picture
storage buffers PSB[nuh_layer id] for all the nuh_layer id values in the DPB
containing a picture that is marked as “not needed for output” and “unused for
reference” are emptied (without output), and all non-empty picture storage buffers
PSB[nuh_layer id] corresponding to all the nuh layer id values in the DPB are
emptied by repeatedly invoking the “bumping” process specified in
subclause F.13.5.2.4, and the DPB fullness DPBFullness{nuh layer id] for all
nuh_layer_id values is set equal to 0.

— Otherwise (the current picture is not an IRAP picture with NoRaslOutputFlag equal to 1 and
with nuh_layer_id equal to 0), all picture storage buffers corresponding to the nuh_layer id
value of the current picture containing a picture which are marked as “not needed for output”
and “unused for reference” are emptied (without cutput). For each picture storage buffer that
is emptied, the DPB fullness corresponding to the nuh_layer id value of the current decoded

picture is decremented by one. The variable currLayerld is set equal to nuh_Jayer_id of the

current decoded picture and when one or more of the following conditions are true, the

“bumping” process specified in subclause F.13.5.2.4 is invoked repeatedly while further

decrementing the DPB fullness by one for each additional picture storage buffer

corresponding to the nuh layer id value of the current decoded picture that is emptied, until
none of thé following conditjons are true:

— The number of pictures with nuh_layer id equal to currLayerld in the DPB that are
marked as “needed for output” is greater than sps max num_reorder_pics[ HighestTid ]
from the active SPS (when currLayerld is equal to 0) or from the active layer SPS for the
value of currLayerld.

— sps_max_latency_increase_plus1[ HighestTid ] of the active SPS (when currLayerId is
equal to 0) or the active layer SPS for the value of currLayerld is not equal to 0 and there
is at least one picture with nuh_layer_id equal to currLayerld in the DPB that is marked
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as “needed for output” for which the associated variable PicLatencyCount[ currLayerld ]
is greater than or equal to SpsMaxLatencyPictures[ HighestTid ] derived from the active
SPS (when currLayerld is equal to 0) or from the active layer SPS for the value of
currLayerid.
— The number of pictures with nuh layer id equal to curtLayerld in the DPB is greater
than or equal to sps_max_dec pic_buffering minus1| HighestTid ] + 1 from the active
SPS (when currLayerld is equal to 0) or from the active layer SPS for the value of
currLayerld.
In another embodiment : Otherwise (the current picture is not an IRAP picture with
NoRaslOutputFlag equal to 1 and with nuh_layer id equal to 0), all picture storage buffers
corresponding to all the nuh_layer id values containing a picture which are marked as “not
needed for output” and “unused for reference™ are emptied (without cutput). For each picture
storage buffer that is emptied, the DPB fullness corresponding to the nub_layer _id value of the
picture is decremented by one.
In another embodiment: Otherwise (the current picture is not an IRAP picture with
NoRaslOutputFlag equal to 1 and with nuh layer id equal to 0), all picture storage buffers
PSB[currLayerld] in the DPB corresponding to the nuh_layer id value currLayerld of the current
picture containing a picture which are marked as “not needed for output” and “unused for
reference” are emptied (without output). For each picture storage buffer that is emptied, the DPB
fullness DPBfullness[currLayerld] corresponding to the nuh_layer id value of the current
decoded picture is decremented by one.
In another embodiment: Otherwise (the current picture is not an IRAP picture with
NoRaslOutputFlag equal to 1 and with nuh_layer id equal to 0), all picture storage buffers
PSB[nuh_layer id] for all the nuh_layer id values in the DPB containing a picture which are
marked as “not needed for output” and “unused for reference” are emptied (without output). For
each picture storage buffer that is emptied, the DPB fullness DPBFullness{nuh_layer id]

corresponding to the nuh_layer_id value of the picture emptied is decremented by one.

F.13.5.2.3 Picture decoding, marking, additional bumping, and storage
The processes specified in this subclause happen instantaneously when the last decoding unit of

access unit n containing the current picture is removed from the CPB.
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The variable currLayerld is set equal to nuh_layer_id of the current decoded picture.

For each picture in the DPB that is marked as “needed for output” and that has a nuh_layer_id
value equal to currLayerld, the associated variable PicLatencyCount[ currLayerld ] is set equal
to PicLatencyCount| currLayerld ]+ 1.

The current picture is considered as decoded after the last decoding unit of the picture is decoded.
The current decoded picture is stored in an empty picture storage buffer corresponding to
currLayerld (the muh_layer id value of the current picture) in the DPB, and the following
applies:

— If the current decoded picture has PicOutputFlag equal to 1, it is marked as “needed for

output” and its associated variable PicLatencyCount[ currLayerld ] is set equal to 0.

— Otherwise (the current decoded picture has PicOutputFlag equal to 0), it is marked as “not
needed for output.”

In one embodiment, the current decoded picture is stored in an empty picture storage buffer

corresponding to currLayerld (the nuh_layer id value of the current picture) in the DPB, and the

following applies:

— If the current decoded picture has PicOutputFlag equal to 1, it is marked as “needed for
output” and its associated variable PicLatencyCount| currLayerId ] is set equal to 0. All
picture storage buffers containing a picture that has the same ‘picture order count value

(PicOrderCntVal ) as the current decoded picture are marked as “needed for output.”

— Otherwise (the current decoded picture has PicOutputFlag equal to 0), it is marked as “not

needed for output.”

In one embodiment, the current decoded picture is stored in an empty picture storage buffer
PSB[curreLayerld] corresponding to currLayerld (the nuh_layer id value of the current picture)
in the DPB, and the DPB fullness for. the nuh layer id value of the current picture
DPBFullness[currLayerld] is incremented by one, and the following applies

The current decoded picture is marked as “used for short-term reference.”

When one or more of the following conditions are true, the “bumping” process specified in

subclause F.13.5.2.4 is invoked repeatedly until none of the following conditions are true.

—  The number of pictures with nuh_layer id equal to currLayerld in the DPB that are marked

as “needed for output” is greater than sps_max_num_reorder_pics[ HighestTid ] from the

CA 3034598 2019-02-22



138
WO 2014/167817 PCT/JP2014/001967

active SPS (when currLayerld is equal to 0) or from the active layer SPS for the value of
currLayerld.

— sps_max_latency_increase_plus1{ HighestTid ] is not equal to 0 and there is at least one
picture with nuh_layer_id equal to currLayerld in the DPB that is marked as “needed for
output” for which the associated variable PicLatencyCount[ currLayerld ] that is greater than
or equal to SpsMaxLatencyPictures HighestTid ] derived from the active SPS (when

currLayerld is equal to 0) or from the active layer SPS for the value of currl.ayerld..

F.13.5.2.4 “Bumping” process

The “bumping” process consists of the following ordered steps:

1. The pictures that are first for output are selected as the ones having the smallest value of

PicOrderCntVal of all pictures in the DPB marked as “needed for output.”

2. These pictures are cropped, using the conformance cropping window specified in the
active SPS for the picture with nuh_layer id equal to 0 or in the active layer SPS for a
nuh_layer_id value cqual to that of the picture, the cropped pictures are oufput in

ascending order of nuh_layer_id, and the pictures are marked as “not needed for output.”

3. Each picture storage buffer that contains a picture marked as “unused for reference” and
that included one of the pictures that was cropped and output is emptied.
Listing (2)

[0775]  Listing (2A) below provides an alternative approach to section F.13.5.2.2 of Listing
(2) according to accommodate the present systems and methods. In some config-
urations, Listing (2A) may only represent changes to section F.13.5.2.2 in JCTVC-
L1008. Listing (2A) may use the flags AuNoOutputOfPriorPicsFlag and AuNo-
RaslOutputFlag defined above.

Listing 2A

[0776]
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F.13.5.2.2 Output and removal of pictures from the DPB
The output and removal of pictures from the DPB before the decoding of the current picture (but
after parsing the slice header of the first slice of the current picture) happens instantaneously
when the first decoding unit of the access unit containing the current picture is removed from the
CPB and proceeds as follows:
The decoding process for RPS as specified in subclause 8.3.2 is invoked.
~ If the current picture is an IRAP picture with AuNoRaslOutputFlag equal to 1 and with
nuh_layer_id equal to 0 that is not picture 0, the following ordered steps are applied:
— - In ancther configuration, if the current picture is an IRAP picture with NoRaslOutputFlag
equal to 1 and with nuh_Jayer_id equal to 0 that is not picture 0, the following ordered steps
are applied: ,
1. The variable AuNoOutputOfPriorPicsFlag is derived for the decoder under test as
follows.
— If current picture has nuh_layer id equal to 0 AuNoOutputOfPriorPicsFlag is
initialized to 0. Then:

— If the current picture is a CRA picture, AuNoOutputOfPriorPicsFlag is set equal
to 1 (regardless of the value of no_output_of prior pics flag for the current
picture or other pictures in the AU).

— Otherwise, if the value of pic_width_in_luma_samples,
pic_height in_luma samples, or
sps max_dec pic buffering minus1[ HighestTid | derived from the active SPS
is  different from the value of pic_width in luma samples,
pic_height in luma samples, . or
sps_max_dec_pic_buffering_minus1{ HighestTid 1. respectively, derived from
the SPS active for the preceding picture, AuNoOutputOfPriorPicsFlag may (but
should not) be set to 1 by the decoder under test, regardless of the value of
no_output_of prior pics_flag.
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NOTE — Although  setting  AuNoOutputOfPriorPicsFlag  equal to

no_output_of prior_pics_flag is preferred under these conditions, the decoder

under test is allowed to set AuNoOutputOfPriorPicsFlag to 1 in this case.
— Otherwise, AuNoOutputOfPriorPicsFlag is set based on the value of

no_output_of prior pics_flag for the current picture and other pictures in the AU

as follows:

AuNoOutputOfPriorPicsFlag is set equal to 1 if
no_output_of prior_pics_flag is equal to 1 for at least one picture in the
AU. Otherwise AuNoOutputOfPriorPicsFlag is set equal to 0. Thus in this
case the AuNoOutputOfPriorPicsFlag is set equal to 0 if
no_output_of prior_pics_flag is equal to 0 for all the pictures in an AU.

In another embodiment AuNoOutputOfPriorPicsFlag is set equal to 1 if
no_output_of prior_pics_flag is equal to 1 for current picture. Otherwise
AuNoOutputOfPriorPicsFlag is left unchanged.

In another embodiment AuNoOutputOfPriorPicsFlag is set equal to 1 if
no_output_of prior_pics_flag is equal to 1 for all the pictures in the AU.
Otherwise AuNoOutputOfPriorPicsFlag is set equal to 0.

In another embodiment AuNoOutpumtOfPriorPicsFlag is set equal to 1 if
no_output_of prior_pics_flag is equal to 1 for all the pictures belonging to
the target output layers in the AU. Otherwise AuNoOutputOfPriorPicsFlag
is set equal to 0.

In another embodiment AuNoOutputOfPriorPicsFlag is set equal to 1 if
no_output_of prior pics_flag is equal to 1 for at least one picture
belonging to the target output layer in the AU. Otherwise
AuNoOutputOfPriorPicsFlag is set equal to 0.

2. The value of AuNoQutputOfPriorPicsFlag derived for the decoder under test is applied
for the HRD as follows:
— If AuNoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in the DPB

corresponding to all the nuh layer id values are emptied without output of the
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pictures they include, and the DPB fullness is set equal to 0 for all the nuh_layer id
values.

— In another embodiment, if AuNoOutputOfPriorPicsFlag is equal to 1, all picture

storage buffers in the DPB corresponding to all the nuh_layer_id value of the current
picture are emptied without output of the pictures they include, and the DPB fullness
is set equal to 0 for the nuh_layer_id value of the current picture.
Otherwise (AuNoOutputOfPriorPicsFlag is equal to 0), all picture storage buffers
corresponding to all the nuh_layer id values including a picture that is marked as
“not needed for output” and “unused for reference” are emptied (without output),
and all non-empty picture storage buffers in the DPB are emptied by repeatedly
invoking the “bumping” process specified in subclause F.13.5.2.4, and the DPB
fullness for all the nuh_layer_id values is set equal to 0.

In another embodiment:

Otherwise (AuNoOutputOfPriorPicsFlag is equal to 0), all picture storage buffers
cotresponding to the nuh_layer_id value of the current picture including a picture
that is marked as “not needed for output” and “unused for reference” are emptied
(without output), and all non-empty picture storage buffers in the DPB are emptied
by repeatedly invoking the “bumping” process specified in subclause F.13.5.2.4, and
the DPB fullness for the nuh_layer id value of the current picture is set equal to 0.

Listing (2A)

[07771  In one configuration, for the proposed text in Listing (1), Listing (1A), Listing (2)
and Listing (2A) above, all occurrences of "current picture" may be replaced by
"current decoded picture”.

[0778]  Listing (3) below provides an additional section for decoding to accommodate the
present systems and methods. Listing (3) provides the sections of JCTVC-L1003 (i.e.,
the HEVC specification version 34) that would be changed to accommodate the
present systems and methods.

Listing 3

[0779]
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8.3.2. Decoding process for reference picture set
When the current picture is an IRAP picture with NoRaslOutputFlag equal to 1, all reference
pictures currently in the DPB corresponding to the nuh_layer id value of the current picture (if
any) are marked as “unused for r'eference.”
In another embodiment: When the current picture is an IRAP picture with NoRaslOutputFlag
equal to 1, all reference pictures currently in the DPB corresponding to all the nuh layer id
values (if any) are marked as “unused for reference.”
Listing (3)

[0780]  Many different variants may be used for defining hybrid decoded picture buffer
(DPB) 116 operations with various steps being picture based or access unit based.
Tables (11) -(15) below list multiple variants of the steps and corresponding picture

based/access unit (AU) based settings.
[0781] [Table 46]

Step Picture Based / AU Based
Removal Picture based
Output AU Based
Storage Picture Based
Marking .| AU Based for output marking,
Picture based for reference marking

Additional Output AU Based

Table (11)

[0782]
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[Table 47]
Step Picture Based / AU Based
Removal Picture based
Output AU based
Storage AU based
Marking AU based for output marking,
AU based for reference marking
Additional Output AU based
Table (12)
[0783] [Table 48]
Step Picture Based / AU Based
Removal AU based
Output AU based
Storage AU based
Marking AU based for output marking,
AU based for reference marking
Additional Output AU based
Table (13)
[0784] [Table 49]
Step Picture Based / AU Based
Removal Picture based
Output AU based
Storage Picture based
Marking Picture based for output marking,
Picture based for reference marking
Additional Output AU based
Table (14)

[0785]
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[Table 50]

Step Picture Based / AU Basgd

Removal Picture based

Output Picture based

Storage Picture based

Marking Picture based for output marking,

Picture based for reference marking
Additional Output Picture based
Table (15)

[0786]  Figure 66 is a block diagram illustrating one configuration of a decoder 2404. The
decoder 2404 may be included in an electronic device 2402. For example, the decoder
2404 may be a high-efficiency video coding (HEVC) decoder. The decoder 2404 and/
or one or more of the elements illustrated as included in the decoder 2404 may be im-
plemented in hardware, software or a combination of both. The decoder 2404 may
receive a bitstream 2414 (e.g., one or more encoded pictures included in the bitstream
2414) for decoding. In some configurations, the received bitstream 2414 may include
received overhead information, such as a received slice header, received PPS, received
buffer description information, etc. The encoded pictures included in the bitstream
2414 may include one or more encoded reference pictures and/or one or more other
encoded pictures.

[0787]  Received symbols (in the one or more encoded pictures included in the bitstream
2414) may be cntropy decoded by an entropy decoding module 454, thercby producing
a motion information signal 456 and quantized, scaled and/or transformed coefficients
458.

[0788]  The motion information signal 456 may be combined with a portion of a reference
frame signal 484 from a frame memory 464 at a motion compensation module 460,
which may produce an inter-frame prediction signal 468. The quantized, descaled and/
or transformed cocfficients 458 may be inverse quantized, scaled and inverse
transformed by an inverse module 462, thereby producing a decoded residual signal
470. The decoded residual signal 470 may be added to a prediction signal 478 to
produce a combined signal 472. The prediction signal 478 may be a signal selected
from either the inter-frame prediction signal 468 or an intra-frame prediction signal
476 produced by an intra-frame prediction module 474. In some configurations, this

signal selection may be based on (e.g., controlled by) the bitstream 2414,
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[0789]

[0790]

[0791]

[0792]

{0793]

[0794]

The intra-frame prediction signal 476 may be predicted from previously decoded in-
formation from the combined signal 472 (in the current frame, for example). The
combined signal 472 may also be filtered by a de-blocking filter 480. The resulting
filtered signal 482 may be written to frame memory 464. The resulting filtered signal
482 may include a decoded picture.

The frame memory 464 may include a decoded picture buffer (DPB) 2416 as
described herein. The decoded picture buffer (DPB) 2416 may be capable of hybrid
decoded picture buffer (DPB) 116 operations. The decoded picture buffer (DPB) 2416
may include one or more decoded pictures that may be maintained as short or long
term reference frames. The frame memory 464 may also include overhead information
corresponding to the decoded pictures. For example, the frame memory 464 may
include slice headers, video parameter set (VPS) information, sequence parameter set
(SPS) information, picture parameter set (PPS) information, cycle parameters, buffer
description information, etc. One or more of these pieces of information may be
signaled from an encoder (e.g., encoder 2108, overhead signaling module 2112).

Figure 67A is a block diagram illustrating the use of both an enhancement layer and
a base layer for video coding with separate decoded picture buffers (DPBs) 516a-b and
separate hybrid decoded picture buffer (DPB) operation modules 520a-b for the base
layer and the enhancement layer. A first electronic device 502a and a second electronic
device 502b are illustrated. The first electronic device 502a may include a video
encoder 508 that includes an enhancement layer encoder 526 and a base layer encoder
528. Each of the elements included within the first electronic device 502a (i.e., the en-
hancement layer encoder 526 and the base layer encoder 528) may be implemented in
hardware, software or a combination of both. The first electronic device 502a may
obtain an input picture 2506. In some configurations, the input picture 2506 may be
captured on the first electronic device 502a using an image sensor, retrieved from
memory or received from another electronic device 502.

The enhancement layer encoder 526 may encode the input picture 2506 to produce
encoded data. For example, the enhancement layer encoder 526 may encode a series of
input pictures 2506 (e.g., video). The encoded data may be included in an encoded en-
hancement layer video bitstream 530. The enhancement layer encoder 526 may
generate overhead signaling based on the input picture 2506,

The enhancement layer video decoder 534 may include a decoded picture buffer
(DPB) 516a and a hybrid decoded picture buffer (DPB) operation module 520a.
Likewise, the base layer decoder 536 may include a decoded picture buffer (DPB)
516b and a hybrid decoded picture buffer (DPB) operation module 520b.

The base layer encoder 528 may also encode the input picture 2506. In one con-

figuration, the same input picture 2506 used by the enhancement layer encoder 526
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may also be used by the base layer encoder 528. In another configuration, a different
(but similar) input picture than the input picture 2506 used by the enhancement layer
encoder 526 may be used by the base layer encoder 528. For example, for signal-
to-noise ratio (SNR) scalability (also referred to as quality scalability), the same input
picture 2506 may be used by both the enhancement layer encoder 526 and the base
layer encoder 528. As another example, for spatial scalability, a downsampled picture
may be used by the base layer encoder 528. In yet another example, for multi-view
scalability, a different view picture may be used by the base layer encoder 528. The
base layer encoder 528 may produce encoded data included in an encoded base layer
video bitstream 532.

[0795]  The encoded enhancement layer video bitstream 530 and the encoded base layer
video bitstream 532 may each include encoded data based on the input picture 2506. In
one example, the encoded cnhancement layer video bitstream 530 and the encoded
base layer video bitstream 532 may include encoded picture data. In some config-
urations, the encoded enhancement layer video bitstream 530 and/or the encoded base
layer video bitstream 532 may also include overhead data, such as sequence parameter
set (SPS) information, picture parameter set (PPS) information, video parameter set
(VPS) information, slice header information, etc.

[0796]  The encoded enhancement layer video bitstream 530 may be provided to the second
electronic device 502b. Likewise, the encoded base layer video bitstream 532 may be
provided to the second electronic device 502b. The second electronic device 502b may
include a video decoder 2504. The video decoder 2504 may include an enhancement
layer decoder 534 and a base layer decoder 536. In one configuration, the encoded base
layer video bitstream 530 is decoded by the base layer decoder 536 while the encoded
enhancement layer video bitstream 530 is decoded by the enhancement layer decoder
534.

[0797]  In one example, the encoded enhancement layer video bitstream 530 and the encoded
base layer video bitstream 532 may be transmitted to the second electronic device 502b
using a wired or wireless link. In some cascs, this may be done over a network, such as
the Internet, a Local Area Network (LAN) or other type of network for communicating
between devices. It should be noted that in some configurations, the encoders (i.c., the
enhancement layer encoder 526 and the base layer encoder 528) and the decoder 2504
(e.g., the base layer decoder 536 and the enhancement layer decoder 534) may be im-
plemented on the same electronic device 502 (i.c., the first electronic device 502a and
the second electronic device 502b may be part of a single electronic device 502). In an
implementation where the encoders and decoders are implemented on the same
electronic device 502, for instance, the encoded enhancement layer video bitstream

530 and the encoded base layer video bitstream 532 may be made available to the
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video decoder 2504 in a variety of ways. For example, the encoded enhancement layer
video bitstream 530 and the encoded base layer video bitstream 532 may be provided
over a bus to the video decoder 2504 or stored in memory for retrieval by the video
decoder 2504.

[0798]  The video decoder 2504 may generate one or more decoded pictures based on the
encoded enhancement layer video bitstream 530 and the encoded base layer video
bitstream 532. A decoded picture 2118 (which may include an enhancement layer
decoded picture 538 and a base layer decoded picture 540) may be displayed, played
back, stored in memory and/or transmitted to another device, etc.

[0799]  In one example, the decoded picture 2118 may be transmitted to another device or
back to the first electronic device 502a. The decoded picture 2118 may atso be stored
or otherwise maintained on the second electronic device 502b. In another example, the
second electronic device 502b may display the decoded picture 2118. In other config-
urations, the decoded picture 2118 includes elements of the input picture 2306 with
different properties based on the encoding and other operations performed on the
bitstream 2114. In some configurations, the decoded picture 2118 may be included in a
picture stream with a different resolution, format, specifications or other attribute from
the input picture 2506.

[0800]  Figure 67B is a block diagram illustrating the use of a shared decoded picture buffer
(DPB) 516c and a shared hybrid decoded picture buffer (DPB) operation module 520c
for the base layer and the enhancement layer. Figure 67B includes the same
components as that of Figure 67A except that the enhancement layer video decoder
534 and the base layer decoder 536 share both a decoded picture buffer (DPB) 516¢
and a hybrid decoded picture buffer (DPB) operation module 520c.

[0801]  Figure 68 is a timing diagram illustrating hybrid decoded picture buffer (DPB) 116
operation. The hybrid decoded picture buffer (DPB) 116 operations of Figure 68 show
the steps of a preferred variant where removal, storage and reference marking are
picture based and output, output marking and additional output are access unit (AU)
based. An ideal decoded picture buffer (DPB) 116 and hypothetical reference decoder
(HRD) may operate in such a manner that the various individual steps shown (e.g.,
removal 621a-b, output 623, storage 625a-c, marking 627a-c, 629 and additional
output 631) are all performed instantaneously. The sequence of these steps and the
timing offsets are illustrated between individual steps for illustration purposes. For
output timing decoder conformance, the timing (relative to the delivery time of the first
bit) of a picture output is the same for both the hypothetical reference decoder (HRD)
and the decoder under test (DUT) up to a fixed delay. As such, the timing offset il-
lustrated could happen for a DUT which introduces a fixed delay compared to an
HRD.
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[0802]

[0803]

[0804]

[0805]

The steps for a decoded picture buffer (DPB) 116 of the first enhancement layer
(EL1) 2642a, a decoded picture buffer (DPB) 116 of the second enhancement layer
(EL2) 2642b and a decoded picture buffer (DPB) 116 of the base layer (BL) 2644 are
illustrated. A coded picture buffer (CPB) removal time 2646 is illustrated. After the
coded picture buffer (CPB) removal time 2646, a picture based removal (without
output) 621a may be performed by the decoded picture buffer (DPB) 116 of the second
enhancement layer (EL2) 2642b and a picture based removal (without output) 621b
may be performed by the decoded picture buffer (DPB) 116 of the base layer (BL)
2644. After a timing offset, an access unit (AU) based picture output (bumping) 623
may be performed by the decoded picture buffer (DPB) 116 of the base layer (BL)
2644, the decoded picture buffer (DPB) 116 of the first enhancement layer (EL1)
2642a and the decoded picture buffer (DPB) 116 of the second enhancement layer
(EL2) 2642b.

After another timing offset, the current decoded picture related process 613 is il-
lustrated. A picture based storage step 625a-c may be performed by the decoded
picture buffer (DPB) 116 of the base layer (BL) 2644, the decoded picture buffer
(DPB) 116 of the first enhancement layer (EL1) 2642a and the decoded picture buffer
(DPB) 116 of the second enhancement layer (EL2) 2642b. The storage step may be
performed after each of the base layer (BL) 2644, the first enhancement layer (EL1)
2642a and the second enhancement layer (EL2) 2642b pictures are decoded. The
storage step 625 may be further subdivided. In the storage steps 625, a decoded picture
is stored in the decoded picture buffer (DPB) 116 in an empty storage buffer and the
decoded picture buffer (DPB) fullness is incremented by one. Also, when a picture is
removed (without output) from the decoded picture buffer (DPB) 116, the decoded
picture buffer (DPB) fullness is decremented by one. Similarly, when a picture is
bumped from the decoded picture buffer (DPB) 116 (during either bumping or ad-
ditional bumping), the decoded picture buffer (DPB) fullness is decremented by one.

The decoded picture buffer (DPB) 116 may include separately identified and
managed picture buffers for decoded pictures having different characteristics. For
example, the decoded picture buffer (DPB) 116 may include separately identified and
managed picture buffers for decoded pictures with different resolutions, different bit-
depths and/or different color chromaticity.

A decoded picture may instead be stored in a common pool of picture storage buffers
in the decoded picture buffer (DPB) 116. For cxample, two additional sub-cases may
be used to determine the decoded picture buffer (DPB) 116 size constraints that affect
the bumping/removal process and level definitions. In a byte based decoded picture
buffer (DPB) 116 constraint, a decoded picture may be stored with consideration for
the size based on resolution and/or bit-depth. The decoded picture buffer (DPB) 116
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size constraints may be defined as a byte limit that considers resolution and bit-depth
of each decoded picture. In a picture unit based decoded picture buffer (DPB) 116
constraint, a decoded picture may be stored (and is considered to take one picture
butfer slot). The decoded picture buffer (DPB) 116 sizc constraints may then be
defined as a number of picture slots limit without considering resolution and bit-depth
of each decoded picture.

[0806]  In one configuration, the decoded picture buffer (DPB) fullness may be tracked per
layer. For example, the decoded picture buffer (DPB) 116 size constraints may be
signaled, and bumping may be applied, per layer. Where each layer includes its own
picture storage buffers a variable DPBFullness[nuh_layer_id] could be used to track to
the decoded picture buffer (DPB) fullness of cach layer. When a picture is removed
from a layer with a layer ID value equal to nuh_layer_id, the variable DPB-
Fullness[nuh_layer_id] may be set equal to DPBFullness[nuh_layer id]-1 (i.e., DPB-
Fullness[nuh_layer_id] may be decremented by one). In this case, the picture was
removed from a picture storage buffer PSB[nuh_layer_id].

[0807]  Similarly, when a currently decoded picture with a layer ID value equal to
nuh_layer_id is stored in the decoded picture buffer (DPB) 116, the variable DPB-
Fullness[nuh_layer id] is set equal to DPBFullness[nuh_layer id]+1 (i.e., DPB-
Fullness[nuh_layer_id] is incremented by one). In this case, the picture was stored into
a picture storage buffer PSB[nuh_layer_id].

[0808]  The decoded picture buffer (DPB) fullness could also be tracked for an output layer
set. The decoded picture buffer (DPB) 116 size constraints may then be signaled, and
bumping may be applied, based on the constraints specified for an output layer set. A
DPBFullness value could be tracked for the output layer set which is associated with
the operation point under test. Thus, when a picture is removed from a layer belonging
to the output layer set, the value of the decoded picture buffer (DPB) fullness may be
decremented by one as DPBFullness = DPBFullness-1. Likewise, when a currently
decoded picture is stored in the decoded picture buffer (DPB) 116, the decoded picture
buffer (DPB) fullness may be decremented by one as DPBFullness = DPBFullness+1.

[0809]  Within the current decoded picture related process 613, the marking process 611 is il-
lustrated. The marking process 611 may include reference marking 627a-c and output
marking 629. After a timing offset from the storage steps 625a-c, a picture based
reference marking step 627a-c may be performed by the decoded picture buffer (DPB)
116 of the base layer (BL) 2644, the decoded picture buffer (DPB) 116 of the first en-
hancement layer (EL1) 2642a and the decoded picture buffer (DPB) 116 of the second
enhancement layer (EL2) 2642b. After another timing offset, an access unit (AU)
based output marking step 629 may be performed by the decoded picture buffer (DPB)
116 of the base layer (BL) 2644, the decoded picture buffer (DPB) 116 of the first en-
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hancement layer (EL1) 2642a and the decoded picture buffer (DPB) 116 of the second
enhancement layer (EL2) 2642b. Once the current decoded picture related process 613
is completed, an access unit (AU) based picture output {additional bumping) step 631
may be performed by the decoded picture buffer (DPB) 116 of the base layer (BL)
2644, the decoded picture buffer (DPB) 116 of the first enhancement layer (EL1)
2642a and the decoded picture buffer (DPB) 116 of the second enhancement layer
(EL2) 2642b.

[0810]  Figure 69 is a block diagram illustrating structure and timing for network abstraction
layer (NAL) units of layers for coded pictures and access units (AUs) when the second
enhancement layer (EL2) 942b has a lower picture rate than the base layer (BL) 944
and the first enhancement layer (EL1) 942a. The NAL units of an EL.1 coded picture
953a are illustrated along the first enhancement layer (EL1) 942a. The NAL units of an
EL2 coded picture 953b are illustrated along the second enhancement layer (EL2)
942b. The NAL units of a base layer coded picture 953c are illustrated along the base
layer (BL) 944.

[0811]  Attime t1, the NAL units of an EL1 coded picture 953a, the NAL units of an EL2
coded picture 953b and the NAL units of a base layer coded picture 953c¢ are part of
the access unit (AU) 955a. Attime 2, the NAL units of an EL1 coded picture 953a and
the NAL units of a base layer coded picture 953¢ are part of the access unit (AU) 955b.
At time 3, the NAL units of an EL1 coded picture 953a, the NAL units of an EL2
coded picture 953b and the NAL units of a base layer coded picture 953c are part of
the access unit (AU) 955¢c. At time t4, the NAL units of an EL1 coded picture 953a and
the NAL units of a base layer coded picture 953¢ are part of the access unit (AU) 955d.

[0812]  Figure 70 is a block diagram illustrating structure and timing for network abstraction
layer (NAL) units of layers for coded pictures and access units (AUs) when the base
layer (BL) 1044 has a lower picture rate than the first enhancement layer (EL1) 1042a
and the second enhancement layer (EL2) 1042b. The NAL units of an EL1 coded
picture 1053a are illustrated along the first enhancement layer (EL.1) 1042a, The NAL
units of an EL2 coded picture 1053b are illustrated along the second enhancement
layer (EL2) 1042b. The NAL units of a base layer coded picture 1053c are illustrated
along the base layer (BL) 1044,

[0813]  Attime t1, the NAL units of an EL1 coded picture 1053a, the NAL units of an EL2
coded picture 1053b and the NAL units of a base layer coded picture 1053c are part of
the access unit (AU) 1055a. At time t2, the NAL units of an EL1 coded picture 1053a
and the NAL units of a EL2 coded picturc 1053b are part of the access unit (AU)
1055b. At time t3, the NAL units of an EL1 coded picture 1053a, the NAL units of an
EL2 coded picture 1053b and the NAL units of a base layer coded picture 1053c are
part of the access unit (AU) 1055¢. At time t4, the NAL units of an EL1 coded picture
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1053a and the NAL units of an EL1 coded picture 1053b are part of the access unit
(AU) 10554d.

[0814]  The term "computer-readable medium” refers to any available medium that can be
accessed by a computer or a processor. The term "computer-readable medium,” as used
herein, may denote a computer- and/or processor-readable medium that is non-
transitory and tangible. By way of example, and not limitation, a computer-readable or
processor-readable medium may comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to carry or store desired program code in the form of in-
structions or data structures and that can be accessed by a computer or processor. Disk
and disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray ( registered trademark) disc where disks
usually reproduce data magnetically, while discs reproduce data optically with lasers.

[0815] It should be noted that one or more of the methods described herein may be im-
plemented in and/or performed using hardware. For example, one or more of the
methods or approaches described herein may be implemented in and/or realized using
a chipset, an ASIC, a LSI or integrated circuit, etc.

[0816]  Each of the methods disclosed herein comprises one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another and/or combined into a single step without departing from the scope
of the claims. In other words, unless a specific order of steps or actions is required for
proper operation of the method that is being described, the order and/or use of specific
steps and/or actions may be modified without departing from the scope of the claims.

[0817] It is to be understood that the claims are not limited to the precise configuration and
components illustrated above. Various modifications, changes and variations may be
made in the arrangement, operation and details of the systems, methods, and apparatus

described herein without departing from the scope of the claims.
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CLAIMS:
1. A method for video decoding, comprising:

receiving a bitstream comprising a video parameter set and bits representing a

current picture;
parsing at least a portion of a slice header of the current picture;

performing a first determination, based on one or more syntax elements in the
video parameter set, whether a removal operation from a decoded picture buffer (DPB) is to
be performed on a per-picture basis or per-access unit (AU) basis, wherein an access unit

comprises at least a base layer and an enhanced layer, and each layer represents a picture;

performing a second determination, separate from the first determination,
based on one or more syntax elements in the video parameter set, whether a picture output

operation from the DPB is to be performed on a per-picture basis or per-AU basis;

performing the removal operation from the DPB in accordance with the first
determination whether the removal operation is to be performed on a per-picture basis or per-

AU basis;

performing the picture output operation from the DPB in accordance with the
second determination whether the picture output operation is to be performed on a per-picture

basis or per-AU basis;
performing a decoding and storing of a current decoded picture in the DPB;

performing a third determination, based on the one or more syntax elements in
the video parameter set, whether marking the current decoded picture is to be performed on a

per-picture basis or per-AU basis;
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marking the current decoded picture in the DPB in accordance with the third
determination whether marking the current decoded picture is to be performed on a per-

picture basis or per-AU basis; and

performing an additional picture output from the DPB in accordance with a
fourth determination whether the additional picture output is to be performed on a per-picture

basis or per-AU basis.

2. The method of claim 1, wherein the removal and the output from the DPB is

based on at least one AU output flag.

3. The method of claim 2, wherein the AU output flag is one of an AU output
flag, an AU no Random Access Skipped Leading (RASL) output flag and an AU no output of
prior pictures flag.

4. The method of claim 2 or 3, wherein the AU output flag is obtained from a

slice header.

5. The method of any one of claims 1 to 4, wherein all picture output flag syntax
element values are constrained to the same value for all coded pictures in an AU when a

picture output flag is present in the slice header.

6. The method of any one of claims 1 to 5, wherein the removal is performed on a
per-picture basis, wherein the picture output is performed on a per-AU basis, wherein the
storing and decoding are on a per-picture basis, wherein the marking is on a per-picture basis,

and wherein the additional picture output is performed on a per-AU basis.

7. The method of any one of claims 1 to 5, wherein the removal, the picture
output, the decoding and storing, the marking and the additional picture output are performed

on a per-AU basis.
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8. The method of any one of claims 1 to 5, wherein the removal, the decoding and
storing and the marking are performed on a per-picture basis, and wherein the picture output

and the additional picture output are performed on a per-AU basis.

9. The method of any one of claims 1 to 5, wherein the removal, the picture
output, the decoding and storing, the marking and the additional picture output are performed

on a per-picture basis.

10. The method of any one of claims 1 to 9, wherein the DPB comprises separately
identified and managed picture buffers for decoded pictures having one or more of different

resolutions, different bit-depths and different color chromaticity.
11. An electronic device configured for video coding, comprising:
a processor; and

memory in electronic communication with the processor, wherein instructions

stored in the memory are executable to:

receive a bitstream comprising a video parameter set and bits representing a

current picture,
parse at least a portion of a slice header of the current picture,

performing a first determination, based on one or more syntax elements in the
video parameter set, whether a removal operation from a decoded picture buffer (DPB) is to
be performed on a per-picture basis or per-access unit (AU) basis, wherein an access unit

comprises at least a base layer and an enhanced layer, and each layer represents a picture,

perform a second determination, separate from the first determination, based
on the one or more syntax elements in the video parameter set, whether a picture output

operation from the DPB is to be performed on a per-picture basis or per-AU basis,
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perform the removal operation from the DPB in accordance with the first
determination whether the removal operation is to be performed on a per-picture basis or per-

AU basis,

perform the picture output operation from the DPB in accordance with the
second determination whether the picture output operation is to be performed on a per-picture

basis or per-AU basis,
perform a decoding and storing of a current decoded picture in the DPB,

perform a third determination, based on the one or more syntax elements in the
video parameter set, whether marking the current decoded picture is to be performed on a per-

picture basis or per-AU basis,

mark the current decoded picture in the DPB in accordance with the third
determination whether marking the current decoded picture is to be performed on a per-

picture basis or per-AU basis, and

perform an additional picture output from the DPB in accordance with a fourth
determination whether the additional picture output is to be performed on a per-picture basis

or per-AU basis.

12. The electronic device of claim 11, wherein the removal and the output from the

DPB is based on at least one AU output flag.

13. The electronic device of claim 12, wherein the AU output flag is one of an AU
output flag, an AU no Random Access Skipped Leading (RASL) output flag and an AU no
output of prior pictures flag.

14. The electronic device of claim 12 or 13, wherein the AU output flag is obtained

from a slice header.
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15. The electronic device of any one of claims 11 to 14, wherein all picture output
flag syntax element values are constrained to the same value for all coded pictures in an AU

when a picture output flag is present in the slice header.

16. The electronic device of any one of claims 11 to 15, wherein the removal is
performed on a per-picture basis, wherein the picture output is performed on a per-AU basis,
wherein the storing and decoding are on a per-picture basis, wherein the marking is on a per-

picture basis, and wherein the additional picture output is performed on a per-AU basis.

17. The electronic device of any one of claims 11 to 15, wherein the removal, the
picture output, the decoding and storing, the marking and the additional picture output are

performed on a per-AU basis.

18. The electronic device of any one of claims 11 to 15, wherein the removal, the
decoding and storing and the marking are performed on a per-picture basis, and wherein the

picture output and the additional picture output are performed on a per-AU basis.

19. The electronic device of any one of claims 11 to 15, wherein the removal, the
picture output, the decoding and storing, the marking and the additional picture output are

performed on a per-picture basis.

20. The electronic device of any one of claims 11 to 19, wherein the DPB
comprises separately identified and managed picture buffers for decoded pictures having one

or more of different resolutions, different bit-depths and different color chromaticity.
21. A method for video decoding, comprising:

receiving a bitstream comprising a video parameter set and bits representing a

current picture;
parsing at least a portion of a slice header of the current picture;

performing a first determination, based on one or more syntax elements in the

video parameter set, whether a removal operation from a decoded picture buffer (DPB) is to
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be performed on a per-picture basis or per-access unit (AU) basis, wherein an access unit

comprises at least a base layer and an enhanced layer, and each layer represents a picture;

performing a second determination, separate from the first determination,
based on one or more syntax elements in the video parameter set, whether a picture output

operation from the DPB is to be performed on a per-picture basis or per-AU basis;

performing the removal operation from the DPB in accordance with the first
determination whether the removal operation is to be performed on a per-picture basis or per-

AU basis;

performing the picture output operation from the DPB in accordance with the
second determination whether the picture output operation is to be performed on a per-picture

basis or per-AU basis;
performing a decoding and storing of a current decoded picture in the DPB.

22. The method of claim 21, wherein the removal and the output from the DPB is
based on at least one AU output flag.

23. The method of claim 22, wherein the AU output flag is one of an AU output
flag, an AU no Random Access Skipped Leading (RASL) output flag and an AU no output of
prior pictures flag.

24. The method of claim 22 or 23, wherein the AU output flag is obtained from a

slice header.

25. The method of claim 24, wherein all picture output flag syntax element values
are constrained to the same value for all coded pictures in an AU when a picture output flag is

present in the slice header.

26. The method of any one of claims 21 to 25, wherein the removal is performed
on a per-picture basis, wherein the picture output is performed on a per-AU basis, wherein the

storing and decoding are on a per-picture basis.
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27. The method of any one of claims 21 to 25, wherein the removal, the picture

output, and the decoding and storing, are performed on a per-AU basis.

28. The method of any one of claims 21 to 25, wherein the removal, the decoding
and storing are performed on a per-picture basis, and wherein the picture output is performed

on a per-AU basis.

29. The method of any one of claims 21 to 25, wherein the removal, the picture

output, and the decoding and storing are performed on a per-picture basis.

30. The method of any one of claims 21 to 29, wherein the DPB comprises
separately identified and managed picture buffers for decoded pictures having one or more of

different resolutions, different bit-depths and different color chromaticity.
31. The method of any one of claims 21 to 30, further comprising:

performing a third determination, based on the one or more syntax elements in
the video parameter set, whether marking the current decoded picture is to be performed on a

per-picture basis or per-AU basis; and

marking the current decoded picture in the DPB in accordance with the third
determination whether marking the current decoded picture is to be performed on a per-

picture basis or per-AU basis.
32. The method of any one of claims 21 to 30, further comprising:

performing an additional picture output from the DPB in accordance with a
third determination whether the additional picture output is to be performed on a per-picture

basis or per-AU basis.
33. An electronic device configured for video coding, comprising:

a Processor, and
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memory in electronic communication with the processor, wherein instructions

stored in the memory are executable to:

receive a bitstream comprising a video parameter set and bits representing a

current picture,
parse at least a portion of a slice header of the current picture,

performing a first determination, based on one or more syntax elements in the
video parameter set, whether a removal operation from a decoded picture buffer (DPB) is to
be performed on a per-picture basis or per-access unit (AU) basis, wherein an access unit

comprises at least a base layer and an enhanced layer, and each layer represents a picture,

perform a second determination, separate from the first determination, based
on the one or more syntax elements in the video parameter set, whether a picture output

operation from the DPB is to be performed on a per-picture basis or per-AU basis,

perform the removal operation from the DPB in accordance with the first

determination whether the removal operation is to be performed on a per-picture basis or per-

AU basis,

perform the picture output operation from the DPB in accordance with the
second determination whether the picture output operation is to be performed on a per-picture

basis or per-AU basis, and
perform a decoding and storing of a current decoded picture in the DPB.

34. The electronic device of claim 33, wherein the removal and the output from the

DPB is based on at least one AU output flag.

35. The electronic device of claim 34, wherein the AU output flag is one of an AU
output flag, an AU no Random Access Skipped Leading (RASL) output flag and an AU no
output of prior pictures flag.
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36. The electronic device of claim 34 or 35, wherein the AU output flag is obtained
from a slice header.
37. The electronic device of claim 36, wherein all picture output flag syntax

element values are constrained to the same value for all coded pictures in an AU when a

picture output flag is present in the slice header.

38. The electronic device of any one of claims 33 to 37, wherein the removal is
performed on a per-picture basis, wherein the picture output is performed on a per-AU basis,

and wherein the storing and decoding are on a per-picture basis.

39. The electronic device of any one of claims 33 to 37, wherein the removal, the

picture output, and the decoding and storing are performed on a per-AU basis.

40. The electronic device of any one of claims 33 to 37, wherein the removal, and
the decoding and storing are performed on a per-picture basis, and wherein the picture output

is performed on a per-AU basis.

41. The electronic device of any one of claims 33 to 37, wherein the removal, the

picture output, and the decoding and storing are performed on a per-picture basis.

42. The electronic device of any one of claims 33 to 41, wherein the DPB

comprises

separately identified and managed picture buffers for decoded pictures having

one or more of different resolutions, different bit-depths and different color chromaticity.

43. The electronic device of any one of claims 33 to 42, wherein the instructions

stored in the memory are executable to:

perform a third determination, based on the one or more syntax elements in the
video parameter set, whether marking the current decoded picture is to be performed on a per-

picture basis or per-AU basis; and
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mark the current decoded picture in the DPB in accordance with the third
determination whether marking the current decoded picture is to be performed on a per-

picture basis or per-AU basis.

44, The electronic device of any one claims 33 to 42, wherein the instructions

stored in the memory are executable to:

perform an additional picture output from the DPB in accordance with a third
determination whether the additional picture output is to be performed on a per-picture basis

or per-AU basis.
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[Fig. 2]
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L

Determine one or rore removal delays for decodinig units in an acéess unit
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[Fig. 8]
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[Fig. 9]
Receving Electroric Device 902
Memory 911
Output Devices 923

Instructions 943a

Data g15a
Display 925
Processor 947 -
Display Controller 827

Instructions 94

Data 815b

Coairimunication Inteiface

919
No 929
Input Devices 921
[Fig. 10]
Electronic Device 1002
Bitstream
1014

Encoding Means o] Transmitting $ .
1031 Means 032 T

FIG. 10
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[Fig. 11]
Electronic Device 1102
Eitstream
1114
< , | Receiving Means .| Decoding Means
” 1135 o 1137
[Fig. 12]
1202 ~ Parsing of first slice headér of picture
1204 ~ Bumpinig process
1208 ~ Picture decoding and marking
¥
1208 ~ ' Additional Bumping process
[Fig. 13A]
nal unit header() { Descriptor
forbldden_zero_hit K1)
nal_unit_type u(6)
nuh_reserved zero 6bits u(6)
nuh_temparal_id_plusl . u(3)
}
NAYL UNIT HEADEP SYNTAX
FIG. 12A
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[Fig. 13B]

(Fig. 13C]

[Fig. 14]

PCT/JP2014/001967
nal_pnit_header(} { Deseriptor
farbidden_zcro_pit (1)
nal_unit_type ' u(6)
layer_id_plosl u(6)
nuh_temporal fd_plusl u(3)

} - y -
NAL TNIT HEADER SYNTAX
FIG. 38
nal_unit header() { Descxiptor
forbidden_zero_bif (1)
nal unit typs ws)
Tayer jd (6}
nuh_temporal id plusl u(3)
}
NAL UNITHEADER SYNTAX
FIG. 3¢
nal_wnit( NumBytestnNALunit ) { Descriptor
nal unit header() -
NumBytesInRBSP = 0
For(1i=2;1 <NumBytesIiNALunit; i1+ ) {
if{ i +2 <NumBytesIiNALunit && noxt_bits( 24) == Px000003 ) {
rbsp_byte] NumByleslnRBSP - | b(8)
tbsp_byte[ NumBytesRBSP++ | b(8)
11=2
emnlation_preventlon_three hyte /# equa] ta 0x03 %/ f(8)
} else
thsp_byte[ NumBytesInRBSP+ | b(8)
}
}
GENERAT, NAL UNIT SYNTAX
FIG. 14
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[Fig. 15]
vps_axienston() { Desariptor
while( Ibyte_aligned() )
vps_extension_byte alignment_reserved_zerc_bit (1)
// scalability type and Isyer_id partitioning method
scalability_type ud)
for(1=0; 1 <MaxDim( soalability_type ); H+)
layer. id_dim_len[i] u(3)
/ layer specific information ]
for(1=0; i <=max_nnm, Jayers minusl; i+ {
vps_layer Id[i] u(6)
{/ layer dependsncy
mm_direct ref layersfi] u(6)
for(j=0; j <mum_divect yef layers[{]; jrt+)
ref _layor 1d[i][]] uw(6)
}
}
Existing video prrameter set extenslon syntax
[Fig. 16]
sealabillly type | MaxDim(sealabilify type) Scalability dimensions
0 1 none (base HEVC)
1 2 spatial end quality
2 3 spatial, quality, unspectfied
3 4 . spatial, quality, nnspecified, unspecified
4 2 multiview and depth
5 3 multlvlew, depth, anspecified
G 4 multiview, depth, unspecified, unspecified
7 4 multiview, spatial, quality and depth.
3 5 mmltiview, spatial, quality, depth, unspecified
9 6 multiview, spatial, quality, dapth, unspecified, Dnspecified
10..15 resarved rescryed

Existing Scalability Types

FIG. 6
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[Fig. 17]

[Fig. 18]

PCT/IP2014/001967
vps_extension() { Dascriptor
while( [byte_sligned() )
vps_extension_byte_alignment_reserved zero_hit u(1)
/] Scalability map and layer_id_plusi mapping method
Tor (i=0;i<=mpax_mum layers minusl_bite; i) {
scalabllity_map[i] u@@)
}
I/ 1ayer specific information
for(1=0;1 <=max_num layers minusl; i++) {
vps_layer id[i] u(6)
{/leyer depondency
num_direct ref layess[i] (6}
for(j=0;j <num_direct ref layars[ {; j++)
vef Jayer $a[i][§] u(6)
)

Video parameter set extenslon syntax

FIG. |7
Scalability map[{] Soalability
dimension
o nons (bage ABRVC)
1 spatial
2 quality
3 depth
4 muftiview
5 unspecified
6,7 reserved
Scalability Map Syntax
FIG. 18
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[Fig. 19]
vps_extonsion( ) { ) Descriptor
while( Ibyte_aligned())
vps_extension_byte_alignment_reserved zero_bit u(1)
/{ scalability map and Iayer id_plusi mapping method
num_scalability _dimensfons minusi u(3)
for(i=0;i<=nuin_scalability_dimensions minusl; M) {
scalability_map[ij 1(3)
num_bits for sealability rap(i] 1(3)
}
# layer epecific informafion
for(i=0;1 <=max_mum_layers minusl; H-+) {
vps layer_id[i] u(6)
/ Tayer dependency
num_direet yef Jayers[i] u(6)
for(3=0; j <mum_direct ref layers[i]; jH)
rel Jayer 1a[1](}] u(6)
}
}

Video parameter set extension syntax

FIG. |9
[Fig. 20]
vpa_extenslon() { Descriptor
while( Ibyte_eligned())
vps_extension_byte_alignment reserved zero_bit u(l)

{/ leyer specific information
for(i=1;i<=vps max Jayers mimsl; H-+) {
{/ mapping of Tayer ID to sealability dimenslon IDs

awn_dimensions minusi[i] )
for( j= 0; j <=mmn_dimensions_minusl; j++) {
dimensfon_type[11{j1 u(4)
dimension_id[1]{j] . u(8)
}
I/ layer depandency
num_divect_vef layers[i] u(6)
for(j=0; j <num_direct ref layers[i]; j++)
ref layer td[i1[}] . u(f)

Existing video pearameter set extension syntax

FIG. 20
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[Fig. 21]

[Fig. 22]

(Fig. 23]

PCT/JP2014/001967
dimension_type[1][3] | dimension td[11[}1
0 view order idx
1 depth flag
2 dependency ID
3 quality TID
4,15 reserved
Existing Dimensien Type, Dimension JD Syntax
FIG. 2\
vps_extension( ) { Descripfor
" whils( Ibyte_aligned() )
vps_extension_byte alipnment veserved_zero bit u(l)
J/ Iayer specific information
for(1=1;1<=max_num layers minusl; i#+) {
/ magk signalling scalability types that are present for this layer ID
scalability_mask u(?)
for(j=0; j <~mm_gcalsbility_typesfi]; j++) {
scalabflity 9] j] u(®)
}
] layer dependency
num_direet ref layers{i] u(é)
for(j=0;j <num_direct yof luyers[t]; j++)
ref Inyer id[1][]] u(6)
}
}

Viden parameter set extension syntax

FIG. 22

scalabllity_mask_hit[i] Scalability
dimension

0 spatial

1 quality

2 depth
3 multiviow
4-15 Reserved

Scalability Map Syntax
FIG 23
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[Fig. 24]
video_parameter_set rbsp() { Descriptor
video_parameter_set_id w4
vps_temporal id nesiing fiag (1)
reserved zero_2bits w(2)
max_num_layers minusl /freserved_zoro_6bits n{6)
vps_max_sub_Jayers_minusl u3)
profils level(1, vps max_sub_layers_minust)
next essential Info_byte offyet//reserved_gzerg 12bits u(12)
for(i=0; 1 <=vps max sub layers minusl; H+) {
vps_max_dee_ple buffering] 1] uelv)
vps_max_num_reorder_ples[1] us(v)
vps_max_latency Jncreasef ] ue(v)
} -
mm_Ihrd parameters ue(v)
for(i=0;1 <mmm _hrd pavamsters; H+) {
i{i>0)
op_point(1)
hrd _parameters(i == 0, vps_max_sub_layers_mings1)
}
bit_equal fo_one u(t)
scalability _masic u(8)
for(1~0; f <~max_num_layers minnsl; H-+) {
vps_sxfenslon data()
} .
vps_cxtonsion_flag u(1)
K vps_extension flag ) !
while( more rbsp data())
vps_extension data_flag . u(l)
rosp_tealling, bits()
}
}

‘Video parameter set extansion syntax

FIG. 24
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[Fig. 25]
vps_extension_data{) { " | Descriptor
vps_extension_type ’ R
layer id ’ u(6)
layer_max_sub_layers mhunsl u(3)
new_profile level flag u(l)
if (new_prafils fevel flag=0) {
profile_reference Jayer id : w6)
1
else {
profile_level( 1, Iayer_max_sub_layers minusl )
1
for(j=0; j <=nnm_scalability types; H+) {
sealable fdf§] u(g)
)
num_reference_layers u(6)
for(n=0; n <num _referance_layers; n++)
direct ecoding dependency layer id plusiin] ; ‘ u(6)
)

Video parameter set extenslon syntax

FIG. 25
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[Fig. 26]
wps_sxtension( ) { Desoriptar
while( [byte_sligned ))

v godonsion_bypts slignment_yoserved ons bit |
ave_base vodee flag u@l}
selabilily_mask u(16)
for(1 =6; i MumSealabilityTypen; i+ ) {

dimenslon_id leyx_mimslf{i] u(3)
}
¥ps_uuh_loyer 1d_presont fing | w(1)
¥ laybe speoific infetmution
For{ 1 = 133 <= yps. ek Tawars minesl; #H-) {

#mapping of layer T to seslability-cimension s

i yps, nuh_layer id prasent flag’)

Tayer_}d, ‘in_nuh[i] NG
for{ =0 J <NumScalabilityTypen; j++y
dimenslon 11 ][5 ] wve)
3
Tor{i=134<= vps max layers minuel 33H+)

profils_for_Jevell 1,vps max_sub layers grinnsl )
for{ 1= 1; 1<= vps_mex_layers_minval; i) |

# layer depondency

wum,_divect yof Jayers[i] uls)

Tor(j=~0; j <num_direct 3of Jayers[i]; j4+)

wvef_tnyor 14[i][j] w6):
i
1

Video Paramster Set Extonsion Syntax

FIG. 26

[Fig. 27]

scalability_mask’s Scalability
Icth bit dimension

0 spatiul

1 quality

2 depth.
3 multiview
4-15 Reserved

Scalability mask Syntax

"FIG 27
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[Fig. 28]
vps_exfension{) { Descriptor
while( Ybyts_aligned())
vps_extension_byte alignment reserved_one_bit u(1)
ave_hase codec_flag u(1)
scalability mask u(16)
for(i=0; i <NumScalabilityTypes; i++) {
dimension_id_len_mminusi[i] u(3)
}
vps_nuh_layer id present flag u1)
1/ layer specific information
for( i = 1;1 <= vps_max_layers_mimsl; H+) {
{/ mapping of Iayer 1D to scalability dimension IDs
if( vps_mubk layer id preseat flag)
Iayer_id_in wub[i] n(6)
for(j =0;j <=num_dimensions_mimus1; j4+)
dimension_id[i][j] u(v)
}
for(i=1;i<~vps_max layers_minusl ; ++)
profile_tler level( 1, vps max sub_layers minusl )
Iayer dependency_information_pattern u(v)
for( i~ 1; i <= NumDepLayers; i++) {
// layer dependency information signaling
num_direct ref layers[i] w(6)
far(j=0;j <num direct ref layers[i]; j4+)
ref layer d[i][}] u(6)
}
}

Video Parameter Set Extension Syntax

FIG. 28
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[Fig. 29]
vps_extension() { Descriptor
while( [byte_aligned() )
vps_extension_byte alignment reserved_one_bit 1 (1)
avc_base_codec_flag n(1)
scalability_mask u(16)
for( i= 0; i <NumScalabilityTypes; i++) {
dimension_id_len_minusi[i} u(3) .
}
vps_nuh_layer jd present flag u(l)
/l layer specific information
for(i=1; i <=vps_max_layers mimsl; H+) {
{/ mapping of layer ID} to scalability dimension IDs
- if{ vps_nuh, layer_id_prosent flag)
layer_id_in nuh[i] u(6)
for(j = 0; j <=num,_dimensions_minus1; j++)
dimension_id[1][{] ufv)
}
for(i=1;1<=vps max layers minusl ;i++)
profile_tier_lovel( 1, vps_max_sub layers minusl )
for(i=1;1 <=vps_max _layars minosl; i) {
/l layer dependency information signaling
layer_dependency_flag[i] u(l)
if{layer_dependency flagli]) { -
num_direct ref layers]{] w6)
for(j =0; j <mum_direct ref layars[i]; j++)
ref Jayer id[E][§] u(6)
}
3 ]
}

Video Parameter Set Extension Syntax

FIG. 2.9
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[Fig. 30]
vps_extension{) { . Descriptor

while( Ibyte_aligned()) -

vps_extension_byte alighment reserved_one_bit u{l)
ave_base_codec flag u(t)
sealability_mask u(16)
for(i=0; i <NumScalabilityTypes; i++) {

dimension_fd_len_minusIf1] u(3)
}
vps_nuh_layer_id present flag u(1)

/f layer specific information

for(i=1;1<~=vps max layers minusl; i+ ) {
// mapping of layer ID to scalability dimenslon IDs
iR vps nuh layer id present flag)-

Jayer_id_in_nuh[ 1] Tu(®)
Tor( j = 0; j <=num_dimensions minus1;+-+)

dimension_1d[1][]] u(y)

} .
for(i=1; i< vps_max layers minusi ; i++)
profile tier level( 1, vps_max_sub_layers minusl)
for(1=1;i<=vps_max layers minusl;i++) {
/ layer dependency informatian sipnaling
layer_dependency_map]i] u(v)

}

}

Video Parameter Set Extension Syntax

FIG.3©
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[Fig. 31]
vps_extension( ) { Descriptor

while( Ibyte_aligned() )

vps_extension_byte_aligument_reserved_one _bit w(D)
ave_base_codec_flag u(1)
scalability_mask u(16)
for(i= 0; i <NumScalabilityTypes; 14+ ) {

dimension_id_Jlen _minusi[i] u(3)
}
vps_nuh_layer_id_present flag u(1)

// leyer speéific information

for(i=1;i <= vps_max_lnyers minusl; H+) {
J{ mapping of Iayer ID to scalability dimension IDs
if{ vps_nub _Jayer_id_present_flag)

layer id_ijn muhJi} - . u(6)
for(j = 0; j <=pum_dimensions minus1; #+)
dimension_id[i]1[]] uv)

}
for(i=1; i <= vps_max_layers_minusl ; H+)
profile_tier_level{ 1, vps_max_sub_layers minusl }

layer_dependency_information_pattern u(v)
for(1=1; i <=NumDepLayers; i++)
layer_dependency map[i] u(v)

Video Parameter Set Extension Syntax

FIG. 3\
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[Fig. 32]
vps_extension( ) { Descriptor

while( lbyte_aligned()) ;

vps_extension_byte_alignment reserved one_hit u(l)
ave_base codee flag (1)
sealability_mask u(16)
for( i = 0; 1 <NumSealabilityTypes; H+) {

dimension_jd_Jen minus1[1] u(3)
}
vps_nuh_layer, id present flag u(l)
/ layer specific information
for(i=1; i <=vps_max_layers_minusl; i+ ) {

// mapping of layer ID to soalability dimension IDs

if{ vps_nuh_layer id present flag)

Tayer_id_in nwh[1] u(6)
Tor(] = 0; j <=num_dimenaions_minus1; j++)
dimension_jdfi][}] u(v)

}
for(i=1;i <~vps_max layers minusl ; H+)

profile_tier_level( 1, vps_max_sub_layers minusl )
layer_dependeney_information_pattern uv)
for(i=1;i<=vps_max layers minusl; i) {

if(layer_dependency_information pattern(i)) {

/f 1ayer dependency information signaling

num_direct ref Iayers[i] u(6)

for(j =0; j <mum_direct ref layers[i]; ++)

- ref layer Id[1]1[§] u(6)

}
}
}

Video Parameter Sef Extension Syntax

FIG.32.
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[Fig. 33]
vps_extension() { Descriptor
while( Ibyte_aligned() )
vps_extension_byte alignment_reserved_enc_hit u(l)
ave_base_codee_flag u(l)
scalability mask u(16)
for( 1= 0; i <NumScalabilityTypes; i++) { ’
dimension_id_len_minusi[i] u(3)
}
vps_nul_layer id present flag u(1)
/! layer specific information
for(i=1;i<=vps_max layers minusl; H+) {
/{ mapping of layer ID to scalability dimension IDs
if{ vps_nuh_layer id present flag)
layer_id_in nuhfi] u(6)
for(}=0; j <=~num_dimensions_minus; j++)
dimension_{d[1][j] u(v)
}
for(i=1;i<=vps_max layers minusl ;i++)
profile tier level( 1, vps max_snb_layers minusl )
Tayer_dependency_information_pattern u(v)
for(i=1;i<=vps_max layers minusl;H+) {
ifflayer _dependency_information pattern(d) {
layer _dependency_mapfi] u(v)
}
}

Video Parameter Set Extension Syntax

FIG, 23
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[Fig. 34]
video_parameter_set rbsp() { Descriptor
vps_video_parameter_sct_id u{4)
vps_reserved_three 2bits u(2)
vps_max_layers minusl , u(6)
vps_max_sub_layers_minusl u(3)
vps_temporal id_nesting_flag (1)
vps_extension_offset //vps_reserved OxfTff 16biis u(16)

profile_tier_level( 1, vps_max_sub_layers minusl )

vps_sub_layer ordering_info present flag u(l)

for(i=( vps_sub_layer_ordering_info_present flag 90 : vps_max_sub_layers_minusl );
i<=vps max_sub layers minusl;i++) {

vps_max_dee_pic buffering minusl[i} uelv)
vps_max_num_reorder_pics[i] ue(v)
vps_max_latency_increase plusi[i] ue(v)
}
vps_max_layer_id u(6)
vps_num_layer sets minusl ue(v)

for(i=1;i<= vps_num_layer sets_minusl;i++)

for(j = 0; j <=vps_inax_layer_id; j++)

layer_id_included_flag[i][j] u(l)
vps_timing_info_present_flag u(l)
if{ vps_timing_info present flag) {

vps_num_units_in_tick u(32)
vps_time_scale u(32)
vps_poc_proportional to_timing flag u(1)
if{ vps_poc_proportional to_timing_flag }

vps_num_ticks_poc_diff ore_minust ue(v)

vps_num_hrd_parameters ue(v)
for(i=0; i<vps_num_hrd_parameters; i++) {

hrd_layer set jidx[i] ue(v)

f{i>0)

cprms_present_flag[ i ] u(l)
hrd_parameters( cprmms present flag[i], vps_max sub layers minusl)
}
}
vps_extension_flag u(1)

if{ vps_extension_flag ) {

vps_extension( )

vps_extension2_flag n(l)

if{ vps_extension2_flag)

while( more_rbsp_data() )

vps_extension_data_flag u(1)

}

thsp trailing bits()

F1G. 34
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[Fig. 35]
vps_extension() { Descriptor
while( !byte_aligned() ) |
vps_cxtension_byte alignment reserved_one_bit u(l)
ave_base_layer_flag u()
splitting_flag _ u(1)
for(i= 0, NumScalabilityTypes =0; i < 16; i++) {
scalability mask{ i] u(1)
NumSecalabilityTypes += scalability_mask] i ]
}
for(j = 0; j <NumScalabilityTypes; j++ )
dimension_id len_minus1[j ] u(3)
vps_nub_layer_id present_flag u(l)

for(i=1;1<=vps max layers minusl;it+) {

if( vps_nuh layer id present flag)

layer_id_in_muh[i] u(6)
for( j = 0; j < NumScalabilityTypes; j++)
dimension id[i][j] u(v)
3 -
for( Isldx = 1; IsIdx <= vps_num_layer sets minusl; IsIdx ++) {
vps_profile_present flag[ 1sIdx ] u(l)
if( vps_profile present flag[ Isldx ])
profile_layer_set ref minus1[ lsldx ] ue(v)
profile_tier_level( vps_profile_present flag[ IsIdx }, vps_max_sub_layers_minusi)
}
num_output_layer_seis ue(v)
for(i=0;i<num output layer sefs;it++){
output_layer_set_idx{i] ne(v) V

IsIdx = output_layer set idx[i]

for(j=0;j <= vps_max_layer_id; j++)

if( tayer_id_included flagflsIdx J[j])

output_layer flag] IsTdx ][] u(1)

}

for(i=1; i<=vps_max_layers minusl;i++}

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

direct dependency flaglil{j] u(l)

FIG. 35
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[Fig. 36]
output layer sets change( payloadSize ) { Descriptor
active_vps_id R :
num_changed_output_layer_sets ue(v)
for(i=0; i <num_changed output fayer sets;i++) §
changed_output_layer set_idx_entry[i] ue(v)

clsldx = output_layer set idx[changed output layer_set idx_entry[ i ]]

for( j=0; j<=vps_max layer id;j++)

iflayer_id_included flagf clsIdx ][j]) -

autput_layer flag[ clsldx J[j] u(l)

}

num_addl_output_layer_sets

for( 1=num_output Jayer_secls; i <num_output layer sets - mm._addl output layer sets; i++) {

addllsIdx = addl_output layer sets, idx[i] ue(v)

for(j=0;j <= vps_max_layer_id; j++)

iflayer_id_included_flagf addlsIdx 1[j])

output_layer flag[ addlsIdx ][ ;] u(l)
}
}
FIG. 36
[Fig. 37]
output_layer sets_change( payloadSize ) { Deseriptor
active_vps_id u(4)
" num_deleted_output_tayer sets . ue(v)
for(i=0; i <num_deleted output layer sets; iH+)
deleted_output Jayer_sets_idx_entry[i] ue(v)
num_changed_output layer sets ue(v)
for(i=0; i <num_changed output layer_ sets; i) {
changed_output_layer set idx entry[i] ue(v)
clsldx = oulput_layer_set_idx[changed oufput layer set idx_entry[i]]
for(j=0;j <= vps_max_layer_id; j++)
if{layer id included flag[ clsIdx }[j])
output_layer_flag| clsIdx J[j 1 u(1)
3

num_addl_output layer sets

for( i =num_output _layer sets-num_dcleted output layer_sets; i < num_output_layer sets—
oum_deleted _output layer sets+num addl_output layer sets; i++) {

addllsIdx = addl_output layer_sets idx[i] ue(v)

for(j=0;j<=vps max_layer id;j++)

if(layer_id included flag] addlsIdx ][j]) .
output_layer_flag[ addllsIdx ][j ] u(1)

FIG. 37
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[Fig. 38A]
vps_extension() { Descriptor
while( byte_aligned())
vps_extension byte alignment reserved_one bit u(l)
ave_base layer flag u(1)
splitting_flag u(1)
for(i= 0, NumScalabilityTypes = 0; i < 16; i++) {
scalability mask{i] u(l)
" NumScalabilityTypes += scalability mask{i]
} .
for(j = 0; j <NumScalability Types; j++ )
dimension_id_Jen_minusi{ j ] u(3)
num_oniput_layer_ sefs ue(v)
for(i=0; i <num_output layer sets; i++) {
oufput_layer_set idx[i] ue(v)
IsIdx = output Jayer set idx[i]
for(j=0;j <=vps max_layer id;j++)
if{ layer_id included flag[IsIdxJ[j])
output layer flagl Isldx il u(l)
}
num op dpb info parameters ue(v) -
for(i=0;i<num _op dpb_info parameters; it+) {
operation_point _layer set idx[i] ue(v)
for(j=0;j <=vps max layer id; j++)
op_dpb_info_parameters(j)
}
for(i=1;1<=vps_max layers minusl; #++) {
for(j=0;j <i; j+)
direct dependency_flag[i][j] u(1)
}

FIG. 38A
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[Fig. 38B]
vps_extension( ) { Descripfor
while( Ibyte_aligned())
vps_extension_byte_alignment reserved one_bit u(1)
ave_base layer flag (1)
splitting_flag (1)
for( i= 0, NumScalabilityTypes = 0; i <16; iH++) {
sealability mask[i] u(l)
NumScalabilityTypes += scalability mask[i]
}
for( j = 0; j <NumScalabilityTypes; j++ )
dimension_id len_minus1[j] u(3)
num_output_layer_sets ue(v)
for(i=0; i <num_oulput layer sets; i++) {
output layer set idx[i] ue(v)
Isldx = output_layer_set idx[i]
for(j=0;j<=vps_max layer id; j+H)
if{ layer_id included flag[IsIdx][j])
output_layer flag] lsIdx ][j] u(l)
}
num_op_dpb_info_parameters ue(v)
for(i=0;i<num op_dpb_info parameters; iH++) {
operation_point_layer set idx[i] ue(v)
for(j=0; j <= vps_max layer id; j++)
op_dpb_info parameters(i,j)
}
for(i=1;1<=vps max layers minusl; i++) {
for(j=0;j <% j++)
direct dependency_flag{i][j] u(l)
}
FIG. 38B
[Fig. 39A]
op_dpb_info parameters(j) {
vps_max_sub_layers minusi[j ] u(3)
vps_sub_layer ordering info_present flag[j] [1¢))
for(k = (vps_sub_layer_ordering_info_present flag[j]7?0;
vps_max_sub_layers minusi{j]);
k <= vps max sub layers minusi]jJ; k++){
vps_max_dec pic_buffering minusi[j][k] ue(v)
vps_max num_reorder pics[j][k] ue(v)
vps_max latency increase plusi[j][k] ue(v)
}
}
FIG. 39A
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[Fig. 39B]
op_dpb_info_parameters( id, j) {
vps_max_sub_layers minus1{id][j] u(3)
vps_sub_layer ordering info_present flagf id][j] u(1)

for(k = (vps_sub_layer_ordering_info_present flag[id][j]?
0: vps_max _sub layers minusi[id ] [j]);
k <= vps max sub_layers minusi[id][j]; k++) {

vps max dec pic_buffering minus1{idJ[j][k] ue(v)
vps_max num_reorder pics[id][j][k] | ne(v)
vps_max latency increase plusl[idJ[j][k] ue(v)
by
}
FIG. 39B
[Fig. 40]
vps_extension( ) { Descriptor
while( Ibyte_aligned())
vps_extension_byte_alignment_reserved_one_hit u(l)
ave_base layer flag u(1)
splitting_flag uw(I)
for(i= 0, NumScalabilityTypes = 0; 1< 16; i++) {
scalability mask[i] u(l)
NumScalability Types += scalability mask{ i ]
}
for(j = 0; j <NumScalabilityTypes; j++ )
dimension_id len_minus1[j ] u(3)
num_output _layer sets ue(v)
for(i=0; i < num_output layer sets; i++) {
output_layer set idx]i] ue(v)
IsIdx = output_layer. set jdx[i}
for(j= 03 j <=vps_max_layer id;j++)
if( layer id included flag]lsldx][j])
output_layer flag[ Isldx1[j] u(l)
}
num_dpb_info_parameters ue(v)
for(i=0;i<nuza dpb_info parameters; i+) {
output_point layer set idx[i] ue(v)
oplsldx=output _point layer set idx[i]
for(j=0;j <=vps max layer ig;j++) [ T
oop dpb_info_parameters(j}
} .
for(i=1;i<=vps max layers minusl; i++)
for(j=0;j <i;j++)
direct_dependency_flag[i][j] u(l)
}

FIG. 40
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[Fig. 41]
oop_dpb_info parameters(j) {

vps_max_sub_layers minusi[j] u(3)

vps_sub_layer_ordering info present flag[j ] u(l)

for( k= (vps_sub_layer_ordering info_present flag[j]70 :

vps_max sub_layers_minus1[j]);

k <= vps max sub layers minusi[j]; k++){.
yps_max_dec_pic_buffering minusi[j][k] ue(v)
vps_max num_reorder pics[j][k]’ ue(v)
vps_max_latency increase plasi[i][k] ue(v)

}

}
[Fig. 42]
oop_dpb info parameters() {

vps_max sub layers minusl 1(3)

vps_sub layer ordering info_present flag u(1)

for(k = (vps_sub_layer _ordering info present flag? 0 :

vps_meax_sub layers minusl );

k <= vps max_sub layers minusl; k) {
vps_max _dec pic buffering minusi [k ] ue(v)
vps_max_num,_reorder pies [k | ue(v)
vps_max_latency increase plusi [k ] ue(v)

}

}
[Fig. 43]
num_dpb_infa_parameters ue(v)
for(i=0;i<num dpb info parameters; i++) {
output point_layer set idx{i] | ue()

oplsldx=output_point layer set idx{i]

for(j=0; j <=vps max layer id; j+1)

aop_dpb_info_parameters()

CA 3034598
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[Fig. 44]
oop dpb_info_parameters( id, j) {
vps_max sub layers minuslfid][j] u(3)
vps_sub_layer_ordering info_present flaglid][j] u(l)

for( k= (vps_sub_layer ordering_info_present flag[idJ[j]?
0: vps_max sub_layers minus1[id][j]); :
k <= vps max sub_layers minusI[id][j L k++) {

vps_max_dec_pic_buffering minus1[id][j][k] ue(v)
vps_max_num _reorder pics[id][j]1[k] ue(v)
vps_max_latency increase plusl[id J[jI[k] ue(v)
}
H
[Fig. 45]
num_dpb_info parameters ue(v)
for(i=0; i <num_dpb info_parameters; ) {
output point layer set idx[i] ue(v)
oplsidx=output_point layer set idx[i]
for(j=0; j <=vps max layer id;j++)
oop_dpb_info_parameters(oplsldx j)
} .
[Fig. 46]
num_dpb_info_parameters . ue(v)
for(i=0;i<num dpb info_parameters; i++) {
output point layer set idx[i ue(v)
oplsIdx=output point layer set idx[i]
for(j =0; j <=vps max layer id; j++)
oop_dpb info parameters(i,j)
}

FIG. 46
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[Fig. 47]
vps_extension() { Descriptor
while( Ibyte_aligned()}
vps_exfension_byte_alignment reserved_oune bit u(1)

ave_base_layer flag u(1)

splitting_flag u(1)

Tor(i= 0, NumScalablityTypes = 0; 1 < 16; i++) {
scalability mask[ i-] (1}
NumScalability Types += scalability mask] i ]

}

for( j = 0; j <NumScalability Types; j+ )
dimension_id_len_minus1[j] u(3)

for(i=1;i<=vps_max_layers minusl; i++) {
for(j=0;j<i; j++)

direct_dependency flag[i][j] u(l)
for(i=1; 1 <= vps max_layers minusl; it++) {
layer_dpb_info(i)
}
}
layer_dpb_info {i) {

vps_max_sub_layers minusi[i] u(3)

vps_sub layer ordering info present_flag[i] (1)

for(k= ( vps_sub_Jayer_ordering_info_present flag[i]?0:

vps_max_sub_Jayers minusI[i]);

k <= yps_max sub_layers minuslfi]; kt+) {
vps_max_dec_pic_buffering minusi[i}[k] ue(v)
vps_max_num_reorder pies[i][k] ue(v)
vps_max_latency increase plusi[i][k] ue(v)

}

}
FIG. 47
[Fig. 48]
oop_dpb_info_parameters(id) / op_dpb_info parameters( id)/
layer dpb_info(id) {
1__vps sub layer ordering info present flag[id] u(l)
for(i=(vps_sub_layer_ordering_info present flag ? 0 :
vps_max_sub_layers_minusl );
i <= vps max sub_layers_minusl; i++) {
vps max dec_pic buffering minus1[id][i] ue(v)
vps_max num reorder pics[id][i] ue(v)
vps_max_latency_increase plusl[id][i] ue(v)
) ;
}
FIG. 48
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[Fig. 49A]
vps_extension() { Descriptor
while( Ibyte_aligned())
vps_extension_byte_alipnment_reserved_one_bit u(1)
avc_base_layer_flag u(1)
splitting flag u(1)
for(i= 0, NumScalabilityTypes = 0; i < 16; i++) {
scalability_mask[i] u(1)
NumScalabilityTypes += scalability_mask[ 1]
}
for(j = 0; j <NumScalability Types; j++)
dimension_id_len_minus1[j] u(3)
vps_nub_layer_id_present flag u(1)
for(i=1; i <= vps_max Jayers_minus1; i++) {
if( vps_nuh_layer id_present flag)
layer_id_tn_nuh(1] u(6)
for(j = 0; ] < NumScalabilityTypes; j++ )
dimension_id[i][j] u(v)
}
for(i=1;{ <= vps_max layers_minusl; i++){
max_sub_layers_vps_predict_flag[i] uf1)
if{ !max_sub_layers_vps_predict_flag{1])
max_sub_layers_vps_minus1[i] u(3})
}
vps_number_layer_sets_minusl u{190)
vps_num_profile_tier_level_minus1 u(6)
for(i=1; i<=vps_num_profile_tier_level minus1;i++){
vps_profile_present_flag[i] u{1)
if{ lvps_profile_present, flag[i])
profile_ref minus1[i] u(6}

profile_tier level( vps_profile_present flag[i], vps_max_sub_layers_minus1 )

)

FIG. 49A
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[Fig. 49B]
multiple_output layer _sets_in_layer_setmore_output_layer_sets_than_default_flag u(1)

if( !multiple_output, layer. sets_in_layer_setmore_output layer sets_than default flag )

numOutputLayerSets = vps_number_layer_sets_minusl + 1

else {

num_add_cutput_layer_sets u(10]

numOutputLayerSets =
num_add_output_layer_sets +vps_number_layer_sets_minusi + 1

}

if{ numOutputLayerSets > 1)

default_one_target output_layer flag u(1)

for(i=1;i< numQutputLayerSets; i++) {

if(i> vps_num_layer_sets minus1) {

output_layer_set_idx minus1[i] ' u(v)

Isldx = output_layer_set idx_minus1[i]+1

for(j=0;j < NumLayersInldList[ Isldx ] - 1; j++)

output_layer flag[i]]j] u(1}

Yo

profile_level_tier idx[i] u(v}
}
num_dpb_info_parameters ue(v)
for(i=0; i < num_dpb_info_parameters; i++ ) {

output_point_layer_set_idx[i] ue(v)

oop_dpb_maxbuffering_parameters(i)

}

for(i=1;1 <= vps_max_layers_minus1; i++) {

layer_dpb_info_parameters(i)

}

1

for(i=1; i <= vps_max layers_minusl; i++)

for(j=0;j<i;j++)

direct_dependency_flag{i][j] u(1)

FIG. 49B

[Fig. 50]

oop_dpb_maxbuffering parameters (i) {

sub_layer_vps_buf info_present_flag[i] uf1)

for(j = (sub_layer._vps_buf_info_present_flag[i] ? 0 : MaxSubLayers[i]-1 ) j<=
MaxSublLayers[i] - 1; j++)

max_vps_dec_pic_buffering minus1[i][j]. ue(v)

FIG. 50
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[Fig. 51]
layer_dpb_info_parameters(i}{
sub_layer_vps_ordering info_present flag[i] u(1)

for(j = (sub_layer_vps_ordering_info_present flag[i]70:
max _sub_layers vps minusi{i}]}); j <= max sub layers_vps minus1[i]; j++){

max_vps_num_reorder_pics [1][j] ue(v)
max_vps_latency _increase_plusi[i][j] ue(¥)
}
}
FIG. 51
[Fig. 52]
vps_extension( ] { Descriptor
while( !byte_aligned() ) -
vps_extension_byte_alignment reserved_one_bit u(1)
for(j = 0; j < NumScalabilityTypes; j++)
dimension_id[i][j] u(v)
)
for(1=1;1<=vps_max layers_minus1; i++) {
max_sub_layers_vps_predict_flag[1] u(1}
if( Imax_sub_layers_vps_predict_flag[i])
max_sub_layers_vps_minus1[i] u(3)
}
profile_level_tier_idx[1] u(v)
}
num_dpb_info_parameters ue(v)
for(i=0; i < num_dph_info_parameters; i++) {
if( i>0 && ( MaxSubLayers[i] == MaxSubLayers[i-1]))
sub_layer_vps_buf info_predict flag[i} u(1)
if( Isub_layer_vps_buff info_predict flag[i]){
output_point_layer_set_idx[i] ue(v)
oop_dpb_maxbuffering_parameters(i)
}
}
for{i=1;1i<=vps_max layers_minus1; i++] {
if{ max_sub_layers_vps_predict_flag[1])}
sub_layer_vps_ordering info_predict_flag{i] u(1)
if( Isub_layer_ordering info_predict_flag[i] )}
layer_dpb_info_paramocters(i)
] :
}
}

FIG. 62
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[Fig. 53]
vps_extension() { Descriptor
while( lbyte_aligned( } )
vps_extension_byte_alignment_reserved_one_bit . u(1)

for(j = 0; j < NumScalabilityTypes; j++ )

dimension_id[i]]j] u(v)
}
for(i=1;1<=vps_max_layers_minusl; i++) {
max_sub_layers_vps_predict_flag[i] u(1)
if{ tmax_sub_layers_vps_predict flagfi] )
max_sub_layers_vps_minus1[i} u(3)
}
profile_level_tier_idx]i] u(v)
}
num_dpb_info_parameters ue(v)

for(i=0; i< num_dpb_info_parameters; i++) {

output_point layer_set idx]i] ue(v)

for(k=1; k <= vps_max layers_minus1; i++) {

oop_dpb_maxbuffering parameters(i, k)

3

}

for(i=1;1 <= vps_max_layers_minus1; i++ ) {
’ layer_dpb_info_parameters(i)

}

}

FIG. 563

[Fig. 54]

oop_dpb_maxbuffering parameters (i,k] {

sub_layer_vps_buf _info_present_flag[i][ k] i . u(1)

for(j = (sub_layer_vps_buf info_present flagfi][k]?0:
max_sub _layers vps minusi[k1); j<=max sub layers_vps_minus1[ kJ; j++ );j++)

max_vps_dec_pic_buffering minus1[1J[k][j] ue(v)

FIG. 54
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[Fig. 55]
oop_dpb_maxbuffering_parameters (1, k) {
sub_layer_vps_buf info_present flag[i][ k] u(1}

for(j = (sub_layer_vps_buf_info_present_flag[i]? 0: MaxSubLayers[i][k]-1); j<=
MaxSubLayers[i][ k] - 1;j++)

max vps_dec_pic buffering minus1[i] k][j] ue(v)
}
[Fig. 56]
vps_extension( ) { Descriptor
while( lbyte_aligned( ) }
vps_extension_byte_alignment_reserved_one_bit u(1)
for(j = 0; j < NumScalabilityTypes; j++ )
dimension_id[i][j] ufv)
}
for(i=1;i<= vps_max_layers_minusl; {++) {
mazx_sub_layers_vps_predict_flag[i] u(1)
if( Imax_sub_layers_vps_predict_flag[i] )
max_sub_layers_vps_minusi[i] u(3)
}
profile level tier_idx[i] u(v)
}
num,_dpb_info_parameters ue(v)

for(i=0;i<num_dpb_info_parameters; i++) {

if(1>0 && ( MaxSubLayers[i] = = MaxSubLayers[i-11]))

sub_layer_vps_buf_info_predict_flag[i] u(1)

if{ 'sub_layer_vps buff info_predict flag[i]) {

output_point layer_set_idx[i] ue(v)

for(k = 1; k <= vps_max_layers_minus1; i++) {

o0p_dpb_maxbuffering parameters( i, k)
} .

}

}

for( i =1; i <= vps_max_layers_minusl; i++ ) {

if( max_sub_layers_vps_predict_flag[i])

sub_layer_vps_ordering_info_predict_flag[ 1] u(1)

if( !sub_layer_ordering info_predict_flag[i])

layer_dpb_info_parameters(i)

FIG. 56
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[Fig. 57
aop_dpb_maxbuffering_parameters (i,k) {
suh_layer_vps_buf_info_present_flag[i1[ k] u(1)

for(j = (sub_layer_vps_buf info_present flag[i][k]70:
mazx_sub_layers vps minus1[k]J); j <= max_sub_layers_vps_minusi[ k]; j++); j++)

max_vps_dec_pic_buffering minus1[i}[k][j] ue{v)
1
[Fig. 58]
oop_dpb_maxbuffering_parameters (i, k) {
sub_layer_vps_buf info_present flag{i] [k] u{1)

for(j = (sub_layer_vps_buf info_present flag[i] 7 0: MaxSubLayers[i][k]-1); j<=
MaxSubLayers[i][k]-1;j++)

max_vps_dec_pic_buffering minus1[i] k][j] ' ue(v)

FIG. 58
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[Fig. 59]
vps_extension( ) { Descriptor
while( byte_aligned()})
vps_extension_hyte_alignment_reserved_one bit u(1}
for(j = 0; j < NumScalability Types; j++ )
dimension_id[i][j] ufv}
1
for(i=1;i <= vps_max layers_minusl; i++) {
max_sub_layers_vps_predict_flag[i] u{1)
if{ Imax_sub_layers_vps_predict_flag[1])
max_sub_layers_vps_minusi[i] u(3)
}
profile_level_tier_idx[i] u(v)
}
num_dpb_info_parameters ue(v)
for(i=0; i< num_dpb_info_parameters; i++ ) {
if(i>0 && ( MaxSubLayers[i] = = MaxSubLlayers[i-1]))
sub_layer_vps_buf _info_predict_flag[i] u(1)
if( Isub_layer_vps_buff info_predict flag[i]) {
output_point_layer_set_idx[i] ue(v)
for( k= 1; k <= vps_max_layers_minus1; i++) {
oop_dpb_maxbuffering_parameters(i, k)
}
}
}
layer_dpb_info_parameters_presence_flag u(1})
If(layer_dpb_info_parameters_presence flag) {
for(i=1;1i<=vps_max layers_ minusd; i++}{
if{ max_sub_layers_vps_predict_flag[i])
sub_layer_vps_ordering info_predict_flag[i] u(1)
if{ !sub_layer_ordering info_predict_flag[i])
layer_dph_info_parameters(i)
}
}
}
}

FIG. 59
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[Fig. 60]

oop_dpb_maxbuffering parameters (i,k){

sub_layer. vps_maxbuffering info_present_flag[i][ k] u(1)

for( j = (sub_layer_vps_maxbuffering info_present_flag [1][k] ?0:
max_sub_layers vps minusi[k]); j <= max sub layers vps_minusl[k];j++)

max_vps_dec_pic_buffering minus1[i][k1[j] ue{v)
}
[Fig. 61]
oop_dpb_maxbuffering parameters {1, k) {
sub_layer_vps_buf info_present flag[i][k] u(1)

for(j = (sub_layer_vps_buf_info_present flag[i]? 0: MaxSubLayers[i][k]-1); j <=
MaxSubLayers[iJ[k]-1;j++) '

max_vps_dec_pic_buffering minus1[i] k] [j] ue(v)

FIG. 61
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[Fig. 62]
seq_parameter_set_rbsp{) { Descriptor
sps_video_parameter_set_id , u(4)
sps_max_sub_layers_minus1 u(3)
sps_temporal_id_nesting_flag u(1)

if(nub_layer_id == 0)

profile_tier level( 1, sps_max_sub_layers_minus1)

sps_seq_parameter set id ue(v)
log2_max_pic_order_cnt_Isb_minus4 ue(v)
if( nuh_layer_id > 0)
sps_dpb_params_present flag u(1)

if( (nuh_layer_id == 0) || ( (nuh_layer_id > 0) &&
sps_dpb_params_present, flag)) {

~ sps_sub_layer_ordering info_present_flag u(1)

for(i=(sps_sub_layer_ordering info_present_flag? 0 :
sps_max_sub_layers_minus1 );
i <= sps_max sub_layers minus1;i++) {

sps_max_dec_pic_buffering minus1[i] ue(v)
sps_max_num_reorder_pics[i] uc(v)
sps_max_latency_increase_plus1{i] ue(v)

}

}

log2_min_luma_coding block size_minus3 - ue(v)
log2_diff max_min_luma_coding block size ue(v)
log2_min_transform_block_size_minus2 ue(v)
sps_extension_flag u(1)

if( sps_extension_flag) {

sps_extension( )

sps_extension2_flag u(1)

if{ sps_extension2_flag)

while( more rbsp data())

sps_extension_data_flag , u(1)

)

rbsp_trailing_bits()

}

FIG. 62
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