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WHAT IS CLAIMED IS:

1. A method of coding video data, the method comprising:

storing one or more decoding units of video data in a coded picture buffer
(CPB);

obtaining a respective buffer removal time for the one or more decogfng units;

removing the decoding units from the CPB in accordance with thf obtained
buffer removal time for each of the decoding units;

determining whether the CPB operates at access unit leveLAr sub-picture level;
and

coding video data corresponding to the removed degbding units,

wherein, if the CPB operates at access unit levelLoding the video data
comprises coding access units comprised in the decofing units; and

wherein, if the CPB operates at sub-pictugf level, coding the video data
compriscs coding subscts of access units compfised in the decoding units.
2. The method of claim 1, whereinMetermining whether the CPB operates at access
unit level or sub-picture level compp#es:

determining that the CPB/perates at access unit level if a sub-picture coded
picture buffer preferred flag hfs a value of zero or if a sub-picture coded picture buffer

parameters present flag hagfa value of zero; and

The method of claim 2, further comprising sctting a valuc of zero for the sub-
picture coded picture buffer preferred flag if a value for the sub-picture coded picture

buffer preferred flag is not received.
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5. The method of claim 2, further comprising receiving the value for the sub-

picture coded picture buffer parameters present flag.

6. The method of claim 1, further comprising:

receiving the one or more decoding units of video data in a continuous gécoding
order,

wherein storing the one or more decoding units of video data in € CPB
comprises storing the one or more decoding units of video data in thefontinuous

decoding order in the CPB.

7. The method of claim 1, wherein obtaining the respegive buffer removal time for
the one or more decoding units comprises receiving a regpective signaled value

indicative of the respective buffer removal time for gfleast one of the decoding units.

8. The method of claim 7, wherein the sighaled value indicative of the buffer
removal time for the at least one of the dec#ding units comprises a signaled value
indicative of a number of network abstg#tion layer (NAL) units comprised by the at

least one of the decoding units.

9. The method of claim W 'wherein the one or more decoding units comprise
respective sub-pictures, thgmethod further comprising receiving a signaled value

indicative of a byte alighiment of at least one sub-picture within a larger set of the video
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10. A device for coding video data, the device comprising a video coder configured
to:

store one or more decoding units of video data in a coded picture buffer (CPB

obtain a respective buffer removal time for the one or more decoding units;

remove the decoding units from the CPB in accordance with the obtained buffer
removal time for each of the decoding units;

determine whether the CPB operates at access unit level or sub-pjfture level; and

code video data corresponding to the removed decoding units

wherein, if the CPB operates at access unit level, to code th€ video data, the
video coder is further configured to code access units comprisgd in the decoding units;
and

wherein, if the CPB operates at sub-picture level/to code the video data, the
video coder is further configured to code subsets of g€cess units comprised in the

decoding units.

11.  The device of claim 10, wherein, tghletermine whether the CPB operates at
access unit level or sub-picture level, th€ video coder is further configured to:
determine that the CPB operes at access unit level if a sub-picture coded
picture buffer preferred flag has #value of zero or if a sub-picture coded picture buffer
parameters present flag has afalue of zero; and
determine that the LPB operates at sub-picture level if both the sub-picture
coded picture buffer pyéferred flag has a value of one and the sub-picture coded picture

buffer parameters pfesent flag has a value of one.

12, The gévice of claim 11, wherein the video coder is further configured to receive

the valuefor the sub-picture coded picture buffer preferred flag.

13 The device of claim 11, wherein the video coder is further configured to set a
aluc of zero for the sub-picture coded picture buffer preferred flag if a value for the

sub-picture coded picture buffer preferred flag is not received.




WO 2013/151635 - PCT/US2013/027815

14.  The device of claim 11, wherein the video coder is further configured to receive

the value for the sub-picture coded picture buffer parameters present flag.

15.  The device of claim 10, wherein the video coder is further configured to:
receive the one or more decoding units of video data in a continuous degbding
order,
wherein storing the one or more decoding units of video data in tj€ CPB
comprises storing the one or more decoding units of video data in thefontinuous

decoding order in the CPB.

16.  The device of claim 10, wherein obtaining the respgftive buffer removal time for
the one or more decoding units comprises receiving a reghective signaled value

indicative of the respective buffer removal time for gleast one of the decoding units.

17. The device of claim 16, wherein the sighaled value indicative of the buffer
removal time for the at least one of the degAding units comprises a signaled value
indicative of a number of network abstgdction layer (NAL) units comprised by the at

least one of the decoding units.

18.  The device of claim L, wherein the one or more decoding units comprise
respective sub-pictures, aphi the video coder 1s further configured to receiving a signaled
value indicative of a byfe alignment of at least one sub-picture within a larger set of the

video data.

19.  The glvice of claim 10, wherein the device comprises at least one of:
or more integrated circuits;
one or more microprocessors; and

a wireless communication device that includes the video coder.
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20. An apparatus for coding video data, the apparatus comprising:

means for storing one or more decoding units of video data in a coded picture
buffer (CPB);

means for obtaining a respective buffer removal time for the one or more
decoding units;

means for removing the decoding units from the CPB in accordance gfith the
obtained buffer removal time for each of the decoding units;

means for determining whether the CPB operates at access unyf level or sub-
picture level; and

means for coding video data corresponding to the remgpfed decoding units,

wherein, if the CPB operates at access unit level, thg/means for coding the video
data comprises means for coding access units compriseg/An the decoding units; and

wherein, if the CPB operates at sub-picture lg#el, the means for coding the video
data comprises means for coding subsets of accegf units comprised in the decoding

units.

21.  The apparatus of claim 20, whepbin the means for determining whether the CPB
operates at access unit level or sub-pfeture level comprises:

means for determining thgk the CPB operates at access unit level if a sub-picture
coded picture buffer preferreg/tlag has a value of zero or if a sub-picture coded picture
buffer parameters present flag has a value of zero; and

means for detepfining that the CPB operates at sub-picture level if both the sub-
picture coded pictuyé buffer preferred flag has a value of one and the sub-picture coded

picture buffer ppfameters present flag has a value of one.

22, apparatus of claim 21, further comprising means for receiving the value for

the syfpicture coded picture buffer preferred flag,

3. The apparatus of claim 21, further comprising means for setting a valuc of zero
for the sub-picture coded picture buffer preferred flag if a value for the sub-picture

coded picture buffer preferred flag is not received.
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24.  The apparatus of claim 21, further comprising means for receiving the value for

the sub-picture coded picture buffer parameters present flag,

25.  The apparatus of claim 20, further comprising:

means for receiving the one or more decoding units of video data in a cgfitinuous
decoding order,

wherein the means for storing the one or more decoding units of yfdeo data in
the CPB comprises means for storing the one or more decoding units #f video data in

the continuous decoding order in the CPB.

26.  The apparatus of claim 20, wherein the means for ojfaining the respective buffer
removal time for the one or more decoding units comprjgs means for receiving a
respective signaled value indicative of the respectivgfuffer removal time for at least

one of the decoding units.

27.  The apparatus of claim 26, whereigfhe signaled value indicative of the buffer
removal time for the at least one of the Aecoding units comprises a signaled value
indicative of a number of network afstraction layer (NAL) units comprised by the at

least one of the decoding units.

28.  The apparatus of ¢aiim 20, wherein the one or more decoding units comprise
respective sub-picturegf the apparatus further comprising means for receiving a signaled
value indicative of £ byte alignment of at least one sub-picture within a larger set of the

videco data.

29.  Tie apparatus of claim 20, wherein the apparatus comprises at least one of:
one or more integrated circuits;
one or more microprocessors; and

a wircless communication device that includes a video coding device.
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30. A computer program product comprising a computer-readable storage medium
comprising instructions stored thercon that, if executed, cause a processor to:
store one or more decoding units of video data in a coded picture buffer (CPB
obtain a respective buffer removal time for the one or more decoding units;
remove the decoding units from the CPB in accordance with the obtaingd buffer
removal time for each of the decoding units;
determine whether the CPB operates at access unit level or sub-pyfture level; and
code video data corresponding to the removed decoding units
wherein, if the CPB operates at access unit level, coding th€ video data
comprises coding access units comprised in the decoding units/and
wherein, if the CPB operates at sub-picture level, cgfing the video data
comprises coding subsets of access units comprised in th€ decoding units.
31.  The computer program product of claim 3#, wherein determining whether the
CPB opcratcs at access unit level or sub-pictupf level comprises:
determining that the CPB operates g€ access unit level if a sub-picture coded
picture buffer preferred flag has a valug/hf zero or if a sub-picture coded picture buffer
parameters present flag has a value g£ zero; and
determining that the CPBAperates at sub-picture level if both the sub-picture
coded picture buffer preferregAlag has a value of one and the sub-picture coded picture

buffer parameters present Fag has a value of one.

cayle the processor to set a value of zero for the sub-picture coded picture buffer
referred flag if a value for the sub-picture coded picture buffer preferred flag is not

received.
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34,  The computer program product of claim 31, wherein the instructions further
cause the processor to receive the value for the sub-picture coded picture buffer

parameters present flag.

35.  The computer program product of claim 30, wherein the instructions fupther
cause the processor to:

receive the one or more decoding units of video data in a continuglus decoding
order,

wherein storing the onc or more decoding units of vidco dyfa in the CPB
comprises storing the one or more decoding units of video datg/An the continuous

decoding order in the CPB.

36.  The computer program product of claim 30, yherein obtaining the respective
buffer removal time for the one or more decoding/inits comprises receiving a respective
signaled value indicative of the respective buffr removal time for at lcast one of the

decoding units.

37.  The computer program prody€t of claim 36, wherein the signaled value
indicative of the buffer removal #ne for the at least one of the decoding units comprises

a signaled value indicative of £ number of network abstraction layer (NAL) units

comprised by the at least gfie of the decoding units.
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CLAIMS

Claim 1: A method of coding video data, the method comprising;
determining a value of at [east one flag based on a sub-picture coded picture buffer
preferred flag and a sub-picture coded picture buffer parameters present flag, the value of the
sub-picture coded picture buffer preferred flag being one of externally-specified or set to zero
when not externally-specified and the sub-picture coded picture buffer parameters present flag
being indicative of whether parameters needed for coding subsets of access units are present;
determining, based on the value of the at least one flag, whether a coded picture buffer
(CPB) operates at an access unit level or at a sub-picture level; and
based on a determination that the CPB operates at the access unit level:
determining that decoding units stored in the CPB comprise access units,
removing, from the CPB, a decoding unit comprising a respective access unit, and
coding the removed decoding unit that comprises the
respective access unit; or
based on a determination that the CPB operates at the sub-picture level:
determining that decoding units stored in the CPB comprise subsets of access
units,
removing, from the CPB, a decoding unit comprising a subset of a respective
access unit, and
coding the removed decoding unit that comprises the subset of the respective

access unit.

Claim 2: The method of claim 1, further comprising determining the value for the sub-

picture coded picture buffer preferred flag.

Claim 3: The method of claim 1, further comprising setting the value of the sub-picture
coded picture buffer preferred flag to zero (0) based on the value for the sub-picture coded

picture buffer preferred flag not being externally-specified.
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Claim 4: The method of claim 1, further comprising determining the value for the sub-

picture coded picture buffer parameters present flag.

Claim 5: The method of claim 1,
setting the value of the at least one flag to one (1) based on the sub-picture coded picture
buffer preferred flag and the sub-picture coded picture buffer parameters present flag being set to

respective values of one (1),

wherein the value of one (1) for the at least one flag indicates that the CPB operates at the

sub-picture level.

Claim 6: The method of claim 1,

setting the value of the at least one flag to zero (0) based on at least one of the sub-picture
coded picture buffer preferred flag or the sub-picture coded picture buffer parameters present
flag being set to a value of zero (0},

wherein the value of zero (0) for the at least one flag indicates that the CPB operates at

the access unit level.
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Claim 7: A device for coding video data, the device comprising;
a memory configured to store at least a portion of the video data; and
a video coder for processing the portion of the video data, the video coder being
configured to:
determine a value of at least one flag based on a sub-picture coded picture buffer
preferred flag and a sub-picture coded picture buffer parameters present flag, the value of the
sub-picture coded picture buffer preferred flag being one of externally-specified or set to zero
when not externally-specified and the sub-picture coded picture buffer parameters present flag
being indicative of whether parameters needed for coding subsets of access units are present;
determine, based on the value of the at least one flag, whether a coded picture buffer
(CPB) operates at an access unit level or at a sub-picture level; and
based on a determination that the CPB operates at the access unit level:
determine that decoding units stored in the CPB comprise access units,
remove, from the CPB, a decoding unit comprising a respective access unit, and
code the removed decoding unit that comprises the respective access unit; or
based on a determination that the CPB operates at the sub-picture level:
determine that decoding units stored in the CPB comprise subsets of access units,
remove, from the CPB, a decoding unit comprising a subset of a respective access unit,
and

code the removed decoding unit that comprises the subset of the respective access unit.

Claim &: The device of claim 7, wherein the video coder is further configured to determine

the value for the sub-picture coded picture buffer preferred flag.

Claim 9: The device of claim 7, wherein the video coder is further configured to set the
value of the sub-picture coded picture buffer preferred flag to zero (0) based on the value for the

sub-picture coded picture buffer preferred flag not being externally-specified.

Claim 10: The device of claim 7, wherein the video coder is further configured to determine

the value for the sub-picture coded picture buffer parameters present flag.
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Claim 11: The device of claim 7, wherein the video coder is further configured to set the
value of the at least one flag to one (1) based on the sub-picture coded picture buffer preferred
flag and the sub-picture coded picture buffer parameters present flag being set to respective
values of one (1), and wherein the value of one (1) for the at least one flag indicates that the CPB

operates at the sub-picture level.

Claim 12: The device of claim 7, wherein the video coder is further configured to set the
value of the at least one flag is set equal to zero (0) based on at least one of the sub-picture coded
picture buffer preferred flag or the sub-picture coded picture buffer parameters present flag being
set to a value of zero (0), and wherein the value of zero (0) for the at least one flag indicates that

the CPB operates at the access unit evel.

Claim 13: The device of claim 7, wherein the device comprises at least one of:

one or more integrated circuits;
ONe Or MOI'e MiCroprocessors;
one or more digital signal processors (DSPs);
one or more field programmable gate arrays (FPGAs);
a desktop computer;
a laptop computer;
a tablet computer;
a phone;
a television;
a camera;
a display device;

. adigital media player;
a video game console;
a video game device;
a video streaming device; or

a wireless communication device.
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Claim 14: An apparatus for coding video data, the apparatus comprising:

means for determining a value of at least one flag based on a sub-picture coded picture
buffer preferred flag and a sub-picture coded picture buffer parameters present flag, the value of
the sub-picture coded picture buffer preferred flag being one of externally-specified or set to zero
when not externally-specified and the sub-picture coded picture buffer parameters present flag
being indicative of whether parameters needed for coding subsets of access units are present;

means for determining, based on the value of the at least one flag, whether a coded
picture buffer (CPB) operates at an access unit level or at a sub-picture level;

means for determining, based on a determination that the CPB operates at the access unit
level, that decoding units stored in the CPB comprise access units;

means for removing from the CPB, based on the determination that the CPB operates at
the access unit level, a decoding unit comprising a respective access unit;

means for coding, based on the determination that the CPB operates at the access unit
level, removed decoding unit that comprises the respective access unit;

means for determining that decoding units stored in the CPB comprise subsets of access
units;
means for removing from the CPB, based on a determination that the CPB operates at the

sub-picture level, a decoding unit comprising a subset of a respective access unit; and
means for coding, based on the determination that the CPB operates at the sub-picture

level, the removed decoding unit that comprises the subset of the respective access unit.

Claim 15: The apparatus of claim 14, further comprising means for determining the value

for the sub-picture coded picture buffer preferred flag.

Claim 16: The apparatus of claim 14, further comprising means for setting the value of the
sub-picture coded picture buffer preferred flag to zero (0) based on the value for the sub-picture

coded picture buffer preferred flag not being externally-specified.

Claim [7: The apparatus of claim 14, further comprising means for determining the value

for the sub-picture coded picture buffer parameters present flag.
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Claim 18: The apparatus of claim 14,

further comprising means for setting the value of the at least one flag to one (1) based on
the sub-picture coded picture buffer preferred flag and the sub-picture coded picture buffer
parameters present flag being set to respective values of one (1),

wherein the value of one (1) for the at least one flag indicates that the CPB operates at the

sub-picture [evel.

Claim 19: The apparatus of claim 14,

further comprising means for setting the value of the at least one flag is set equal to zero
(0) based on at least one of the sub-picture coded picture buffer preferred flag or the sub-picture
coded picture buffer parameters present flag being set to a value of zero (0),

wherein the value of zero (0) for the at least one flag indicates that the CPB operates at

the access unit level.
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Claim 20: The apparatus of claim 14, wherein the apparatus comprises at least one of:
one or more integrated circuits;
OI€ OI MOTre MICIOProcessors;
one or more digital signal processors (DSPs);
one or more field programmable gate arrays (FPGAs);
a desktop computer;
a laptop computer;
a tablet computer;
a phone;
a television;
a camera;
a display device;
a digital media player;
a video game console;
a video game device;
a video streaming device; or

a wireless communication device.
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Claim 21: A computer program product comprising a non-transitory computer-readable
storage medium comprising instructions stored thereon that, if executed, cause one or more
processors of a video coding device to:
determine a value of at least one flag based on a sub-picture coded picture buffer
preferred flag and a sub-picture coded picture buffer parameters present flag, the value of the
sub-picture coded picture buffer preferred flag being one of externally-specified or set to zero
when not externally-specified and the sub-picture coded picture buffer parameters present flag
being indicative of whether parameters needed for coding subsets of access units are present;
determine, based on the value of the at least one flag, whether a coded picture buffer
(CPB) operates at an access unit level or at a sub-picture level; and
based on a determination that the CPB operates at the access unit level:
determine that decoding units stored in the CPB comprise access units,
remove, from the CPB, a decoding unit comprising a respective access unit, and
code the removed decoding unit that comprises the respective access unit; or
based on a determination that the CPB operates at the sub-picture level:
determine that decoding units stored in the CPB comprise subsets of access units,
remove, from the CPB, a decoding unit comprising a subset of a respective access
unit, and

code the decoding unit that comprises the subset of the respective access unit.

Claim 22: The computer program product of claim 21, wherein the instructions further cause
the one or more processors to determine the value for the sub-picture coded picture buffer

preferred flag.

Claim 23; The computer program product of claim 21, wherein the instructions further cause
the one or more processors to set the value of the sub-picture coded picture buffer preferred flag
to zero (0) based on the value for the sub-picture coded picture buffer preferred flag not being

received externally-specified.



76

Claim 24: The computer program product of claim 21, wherein the instructions further cause
the one or more processors to determine the value for the sub-picture coded picture buffer

parameters present flag.

Claim 25: The computer program product of claim 21,
wherein the instructions further cause the one or more processors to set the value of the at
least one flag to one (1) based on the sub-picture coded picture buffer preferred flag and the sub-
picture coded picture buffer parameters present flag being set to respective values of one (1), and
wherein the value of one (1) for the at least one flag indicates that the CPB operates at the

sub-picture level.

Claim 26: The computer program product of claim 21,

wherein the instructions further cause the one or more processors to set the value of the at
least one flag to zero (0) based on at least one of the sub-picture coded picture buffer preferred
flag or the sub-picture coded picture buffer parameters present flag being set to a value of zero
(0), and

wherein the value of zero (0) for the at least one flag indicates that the CPB operates at

the access unit level.

Claim 27: The device of claim 7, further comprising a camera configured to capture at least

a portion of the video data.

Claim 28: The device of claim 7, further comprising a display configured to output at least a

portion of the video data.

Claim 29: The apparatus of claim 14, further comprising means for capturing at least a

portion of the video data.

Claim 30: The apparatus of claim 14, further comprising means for outputting at least a

portion of the video data for display.



