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

storing orne or more decoding units of video data in a picture buffer,

obtaining a respective buffer removal time for the one or more decoding yits,
wherein the one or more decoding units comprise sub-pictures of a common pyfture, and
wherein obtaining the respective buffer removal time comprises receiving pfrespective
signaled value indicative of the respective buffer removal time for each AT a plurality of
the sub-pictures of the common picture;

removing the one or more decoding units from the picturefuffer in accordance
with the obtzined buffer removal time for each of the decoding/units; and

coding video data corresponding 1o the one or morgMecoding units, wherein
coding the video data comprises decoding the one or mgfe decoding units.

2. The method of claim 1, wherein each of € one or more decoding units of video

data is either an access unit or a subset of an gfcess unit,

3. The method of claim 1, further gbmprising storing the one or more decoding
units of video data in a continuous ¢écoding order in the picture buffer.

4, The method of claim # fusther comprising receiving the one or more decoding
units of video data in the géntinuous decoding order prior to storing the one or more

decoding units.
5, The methbd of claim 1, wherein the picture buffer is a coded piciure buffer.

6. method of claim 5, the method further comprising removing a first decoding

unit ofhe decoding units from the coded picture buffer prior to removing a second

decging unit of the decoding units from the coded picture buffer, wherein the first
coding unit and the second decoding unit comprise respective subsets of a common

access wiit.
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7. The method of ¢laim 1, wherein the signaled value indicative of the buffer
removal time for the at least une of the decoding units comprises a signaled value
indicalive of a number of network abstraction layer (NAL) units comprised by the

least one of the decoding units.
8. The method of claim 1, wherein receiving the respective signhaled

indicative of the buffer removal time for each of the sub-pictureg/bf the common
picture.

9. The mcthod of claim 8, wherein the picture by
(CPB), and wherein receiving the respective signalel value indicative of the buifer

r is a coded picture buffer
removal time for each of the sub-pictures of the gOmmon picture comprises receiving
respective signaled values indicative of an injial CPB removal delay at access unit
level, an initial CPB removal delay offsct #t access unit level, an initial CPB removal
delay at sub-picture level, and an initig/CPB removel delay offset at sub-picture level,
10.  The method of claim 8,

buffer removal time for each AT the sub-pictures of the common picture is comprised in

erein the respective signaled value indicative of the

a picture timing supplemeAtal enhancement information (SEL) message applicable to the

cotmon picture,

The method of ¢laim 1, wherein coding the video data comprises encoding video
data to form at least one of the decoding units, and wherein obtaining the buffer removal

time comprises determining a value indicative of the buffer removal time,
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13.  The method of claim 1, wherein removing the decoding units of video data from
the picture buffer in accordance with the obtained buffer removal time comprises
removing at least one of the decoding units from the picture buffer afier the obtaine
buffer removal time has passed since the storing of at least one of the decoding uphts in
the pieture buffer.

14,  (Canceled)

15.  The method of claim 1, further comprising receiving a sigfaled value indicative
of a byte alignment of at least one of the sub-pictures within afarger sct of the video
data.

16.  The method of claim 15, wherein the larger gft of the video data comprises an

aceess unit, a subset of an access unit, a picture, c. a slice, a wave, or a tile,

17.  The mcthod of claim 1, wherein thg/sub-pictures correspond 10 at least one of
one or more sequences of blocks of vidgb data, one or more slices, one or more waves,

one or more tiles, or onc or more nejvork abstraction layer (NAL) units.

18.  The method of claim J/'wherein obtaining the respective buffer removal time for
a respective decoding unitAf the decoding units comprises:
if the respectivgficcoding unit comprises an ordinal first decoding unit of the
video data, determinfhg that the buffer removal time comprises a coded picture buffer
removal delay v specified in a buffering period supplemental enhancement
information (JEI) message associated with an access unit that comprises the respeetive
decoding pfiit; and
the respective decoding unit is not the ordinal first decoding unit of the video

datafwherein the respective decoding unit comprises an ordinal i decoding unit where

, determining that the buffer removal time comprises a decoding unit coded picture
buffer removal delay[7] as specified in the picture timing SEI message associated with
the access unit that comprises the respeciive decoding unit.
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19.  The method of claim 1, wherein obtaining the respective buffer removal time for
a respective decoding unit of the decoding units comprises:

if the respective decoding unil comprises an ordinal first decoding unit of
access unit of the video data, determining that a nominal removal time for the deghding
unit comprises an initial coded picture buffer removal delay value divided by #0000;
and

if the respective decoding unit is not the ordinal first decoding yhit of the access
unit, wherein the decoding unit comprises an ordinal m™ decoding yfit where m>0 of
the aceess unit, determining that a nominal removal time for the flecoding unit
comprises a nominal removal time of an ordinal first decoding/unit of a previous
buffering period plus a clock tick times a coded picturc byffer removal delay associated

with the ordinal m™ decoding unit.

20.  The method of ¢laim 1, wherein at least o of the decoding units include
different numbers of coding blocks, and codigh the video data corresponding to the
removed decoding units comprises codingfne different numbers of coding blocks in the

at least two decoding units.

21.  The method of claim 1, yherein at least two of the decoding units include
different numbers of bits, ang/Loding the video data corresponding to the removed

decoding units comprises foding the different numbers of bits in the at least two

decoding units.
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22. A device for coding video data, the device comprising a video coder confignred
to:

store one or more decoding units of video data in a picture buffer;

obtain a respective buffer removal time for the one or more decoding unit
wherein the one or more decoding units comprise sub-pictures of a common pjfture, and
wherein obtaining the respective buffer removal time comprises receiving gfrespective
signaled value indicative of the respective bufTer remaoval time for each Af a plurality of
the sub-pictures of the common picture;

remove the one or more decoding units from the picture byfiter in accordance
with the obtained buffer removal titne for each of the decoding/units; and

code video data corresponding to the one or more dfoding units, wherein

coding the video data comprises decoding the one or mofe decoding units.

23, The device of claim 22, wherein each of th€ one or more decoding units of video

data is either an access umit or a subset of an ag€ess unit,

24, The device of claim 22, whereinghe video coder is further configured to store
the one or more decoding units of viglo data in a continuous decoding order in the

picture buffer.

25,  The device of clainy24, wherein the video coder is further configured to receive
the one or more decoding units of video data in the continuouns decoding order prior to

storing the one or mgfe decoding units.
26.  The dgfice of claim 22, wherein the picture buffer is a coded picture buffer.

27. e device of claim 26, wherein the video coder is further configured to remove
a {irg/decoding unit of the decoding units from the coded picture buffer prior to

oving a second decoding unit of the decoding units from the coded picture buffer,
wherein the first decoding unit and the sccond decoding unit comprise respective

subsets of 2 common access unit.
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28.  The device of claim 22, wherein the signaled valne indicative of the buffer
removal time for the at least one of the decoding units comprises a signaled value
indicative of a number of network abstraction layer (NAL) units comprised by
least one of the decoding units.

29.  The device of claim 22, wherein receiving the respective signal
indicative of the respective bufler removal time for each of the pluralfty of the sub-
pictures of the common picture comprises receiving a respective glgnaled value

indicative of the bufler removal time for each of the sub-pictugés of the common

picture.

30.  The device of claim 29, wherein the picture bfffer is a coded picture buffer
(CPB), and wherein receiving the respective signgfed value indicative of the buffer
removal time for ¢ach of the sub-pictures of th# common picture comprises recciving
respective signaled values indicative of an jfitial CPB removal delay at access unit
level, an initial CPB removal delay offsgf at access unit level, an initial CPB removat
delay at sub-picture level, and an inighl CPB removal delay offset at sub-picture level,
31.  The devicc of claim 29 wherein the respective sighaled value indicative of the
buffer removal time for eagh of the sub-pictures of the common picture is comprised in
a picture timing supplegfental cnhancement information (SET) message applicable to the

common picture.

33. The device of claim 22, wherein to code the video data, the video coder is
further configured to encode the video data te form at least one of the decoding units,
and wherein to obtain the buffer removal time, the video coder is further configured to

determine a value indicative of the buffer removal time.
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34,  The device of claim 22, wherein to remove the decoding units of video data from
the picture buffer in accordance with the obtained buffer removal time, the video cod
is further configured 1o remove at least one of the decoding units from the picture phffer
after the obtained buffer removal time hag passed since the storing of at least ogff of the

decoding units in the picture buffer.

35, (Canceled)

36.  The device of claim 22, wherein the video coder is configured to receive
a signaled value indicative of a byte alignment of at least ongfof the sub-pictures within
a larger sel of the video data.
t of the video data comprises an

37.  The device of claim 36. whercin the larger

access unit, a subset of an access unit, a picturc/a frame, a slice, a wave, or a tile.

38, The device of claim 22, wherein e sub-pictures correspond to at least one of

one or more sequences of blocks of vieo data, one or more slices, one or more waves,
one or morc tiles, or one or more ork abstraction layer (NAL) units.
39.  The device of claim Z2, wherein to obtain the respective buffer removal time for

a respective decoding unyd of the decoding units, the video coder is further configured

determine, if the respective decoding unit is not the ordinal first decoding umit of
e video data, wherein the respective decoding unit comprises an ordinal i decoding
unit where >0, that the buffer removal time comprises a decoding unit coded picture
buffer removal delay[7] as specified in the picture timing SEI message associated with

the access unit that comprises the respective decoding unit.
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40,  The device of claim 22, wherein to obtain the respective buffer removal time for
a respective decoding unit of the decading units, the video coder is further configured
to:
determine, if the respective decoding unit comprises an ordinal first decgdling
unit of an access unit of the video data, thal 4 nominal rernoval ime for the
unit comprises an initial coded picture buffer removal delay value divide
and
determine, if the respective decoding unit is not the ordinal #Arst decoding unit of
the access unit, wherein the decoding unit comprises an ordinal £ decoding unit where
m>0 of the access unit, that a nominal removal time for the dfcoding unit comprises a
nominal removal time of an ordinal first decoding unit of A previous buffering period
plus a clock tick times a coded picture buffer removal Aelay associated with the ordinal

m™ decoding unit.

41,  The device of claim 22, wherein at legst two of the decoding units include
different numbers of coding blocks, and ¢fding the video data corresponding to the
removed decoding units comprises g the different numbers of coding blocks in the
at least two decoding units.
42.  The device of claim 2, wherein at least two of the decoding units include
different numbers of bitsAnd coding the video data corresponding to the removed
decoding units compriges coding the different numbers of bits in the at least two
decoding units,
43.  The gévice of claim 22, wherein the device comprises at least one of
or more integrated cireuits;

ne Of More mMicroprocessors; and

a wireless communication device that includes the video coder,

44.
removed decoding units, the video coder is further configured to decode the video data.

The device of claim 22, wherein, to code the video data corresponding to the
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45.  The device of claim 22, wherein the picture buffer is u coded picture buffer, and
the device further comprises a memory configured to store one or more decoded

pictures in a decoded picture bufTer,

coded picture buffer.

47.  The device of claim 22, wherein the picture buffer is a cogéd picture buffer, and
the device further comprises a stream scheduling unit config to storg coded video
data to the coded picture buffer.

48.  An apparatus for coding video data, the appapftus comprising:

means for storing onc or more decoding uphts of video data in a picture buffer;

mcans for obtaining a respective buffeyfemoval time for the one or more
decoding units, wherein the one or more dgfoding units comprise sub-pictures of a
common picture, and wherein obtaininghe respective buffer removal titme comprises
receiving a respective signaled valuedndicative of the respective buffer removal time for
each of a plurality of the sub-pictyfes of the common picture;

means for removing thyone or more decoding units from the picture buffer in
accordance with the obtaingdl buffer removal time for each of the decoding units; and

means for codingvideo data corresponding to the one or mote decoding units,

wherein coding the yfleo data comprises decoding the one or more decoding units.

49, The apgfaratus of claim 48, wherein cach of the one or more decoding umnits of

video data £ either an access unit ot a subset of an access 1nit,

50. / The apparatus of claim 48, further comprising means for storing the one or more

dgfoding units of video data in a continuous decoding order in the picture buffer.

51.  The apparatus of claim 50, further comprising receiving the one or more

decoding units of video data in the continuous decoding order prior to storing the one or
more decoding units,
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52,  The apparatus of claim 48, wherein the picture buffer is a coded picture buffer.

53.  The apparatus of claim 52, further comprising means for removing a first

cOMmMmON ACCEsS unit.

54.  The apparatus of ¢laim 48, wherein the signaled value ingficative of the buffer
removal time for the at least one of the decoding units compgies a signaled value
indicarive of a number of network abstraction layer (N units comprised by the at

least one of the decoding units.

55.  The apparatus of claim 48, wherein recejpfing the respective signaled value
indicative of the respective buffer removal tipde for the each of the plurality of the sub-
pictures of the common picture comprisegfeceiving a respective signaled value
indicative of the buffer removal time fgf each of the sub-pictures of the common

picture,

56.  The apparatus of claigf 55, wherein the picturc buffer is a coded picture buffer
(CPB), and wherein the myfans for receiving the respective signaled value indicative of
the buffer removal timyf for each of the sub-pictures of the common picture comprises
means for receiving/respective signaled valucs indicative of an initial CPB removal

delay at access yhit level, an initial CPB removal delay offset at access unit level, an

¢ buffer removal time for each of the sub-pictures of the common picture is comprised
in a picture timing supplemental enhancement information (SEI) message applicable to

the common picture,
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58.  The appatatus of claim 55, wherein the respective signaled value indicative of
the buffer removal time for each of the sub-pictures of the common picture is comprise
in a supplemental cohancement information (SEI) message applicable to a respectiv

sub-picture.

59.  The apparatus of claim 48, wherein the means for coding the videoata
comprises encoding video data to form at least one of the decoding unity, and wherein
the means for obtaining the buffer removal time comprises means fgf/determining a

value indicative of the buffer removal thne,

60.  The apparatus of claim 48, wherein the means for rfnoving the decoding units
of video data from the picture buffer in accordance with/the obtained buffer removal
time comprises means for removing at least one of thE decoding units from the picture
buffer after the obtained buffer removal time has fassed since the storing of at least one
of the decoding units in the picture buffer.

61.  {Canccled)

62,  The apparatus of claim 48/further comprising means for receiving a signaled
value indicative of a byte aligpfnent of at least one of the sub-pictures within a larger set
of the video data.

63. The apparatyfof claim 62, wherein the Jarger st of the video data comprises an

access unit, a subglt of an access unit, a picture, a frame, a slice, a wave, oratile.

64. Thefapparatus of claim 48, wherein the sub-pictures correspond to at least one of
one or ybre sequences of blocks of video data, one or mote slices, one or more waves,

one ¢f more tiles, or one or more network abstraction layer (NAL) units.
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65.  The apparatus of claim 48, wherein the means for obtaining the respective buffer
removal time for a respective decoding unit of the decoding units comprises:

means for determining, if the respective decoding unit comprises an ordinal frst
decoding unil of the video data, that the bulfer removal (ime comprises a coded gleture
buffer removal delay value specified in a buffering period supplemental enhag€ement
information (SEI) message associated with an access unit that comprises th€ respective
decoding unit; and

mcans for deternining, if the respective decoding unit is notic ordinal first
decoding unit of the video data, wherein the respective decoding #nit comprises an
crdinal /" decoding unit where i>0, that the buffer removal ti comprises a decoding
unit coded picture bufter removal delay|i] as specified in € picture timing SEL

messape associated with the access unit that comprises he respective decoding unit.

66.  The apparatus of claim 48, wherein the myfans for obtaining the respective buffer
removal time for a respective decoding unit ofhe decoding units comprises:

mecans for determining, if the respeghive decoding unit comprises an ordinal first
decoding unit of an access unit of the vico data, that a nominal removal time for the
decoding unit comprises an initial cgded picture buffer removal delay value divided by
90000; and

means for determining/fif the respective decoding unit is not the ordinal first
decoding unit of the accesgfmit, wherein the decoding unit comprises an ordinal m™
decoding unit where »30 of the access unit, that 2 nominal removal time for the
decoding unit comppibes a nominal removal time of an ordinal first decoding unit of a
previous bufferind period plus a clock tick times a coded picture buffer removal delay

associated wigfthe ordinal m™ decoding unit.

67. e apparatus of claim 48, wherein at least two of the decoding units include
diffeyfnt numbers of coding blocks, and coding the video data corresponding to the
oved decoding units comprises coding the different numbers of coding blocks in the

at least two decoding units.
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68.  The apparatus of claim 48, wherein at least two of the decoding units include
different numbers of bits, and coding the video data corresponding to the removed
decoding units comprises coding the different numbers of bits in the at least two

decoding units.

69. The apparatus of claim 48, wherein the apparatus comprises t leag/one of:
one or more integraled circuils;
One 0T More microprocessors; and

a wireless communication device that includes a video cgfing device.

70. A computer program product comprising a compugfr-readable storage medium
comprising instructions stored thereon that, if executed £ause a processor to:

store ohe or more decoding units of video in a picture buffer;

obtain a respective buffer removal time fof the one or more decoding units,
wherein the one or more decoding units comp#ise sub-picturcs of a common picture, and
wherein obtaining the respective buffer repfoval time comprises receiving a respective
signaled value indicative of the respectpfe buffer removal time for each of a plurality of
the sub-picturcs of the common picyfe;

remove the one or more gécoding units from the picture buffer in accordance
with the obtained buffer remqfal time for each of the decoding units; and

code video data coyfcsponding to the one or more decoding units, wherein
coding the video data prises decoding the one or more decoding units.

71.  The compfiter program product of ¢laim 70, wherein each of the one or more

decoding unityfof video data is either an access nnit or a subset of an access unit.
72 e computer program product of claim 70, wherein the instmetions further
caugyf the processor to store the one or more decoding units of video data in &

tinuous decoding order in the picture buffer.

73.  The compnuter program product of claim 72, further comprising receiving the one

or more decoding units of video data in the continuous decoding order prior to storing
the one or more decoding units.

Durajfin; 15.08.2014 18:34.20 - 15.06.2014 16:42.25, This page 35 ot AMENDED SHEET 2012 184738
eceived at the EPO on Aug 15, 2014 18:42:25. Page 38 of 42



FROM (FR1)AUG 15 2014 11:41/5T.11:29/No. 7500000204 P 39
PCT/US 2013/027 808 - 15-08-2

122104U1W0O 81 Clean Version

74. The computer program product of claim 70, wherein the picture buffer is a
voded picture buffer.

75.  The computer program product of claim 74, the method further comprispg
removing a first decoding unit of the decoding units from the coded picture
to removing a second decoding umit of the decoding units from the coded ficture buffer,
wherein the first decoding unit and the second decoding unit comprisefespective

subsels of a comrmon access unil.

76.  The computer program product of claim 70, wherein fie signaled value
indicative of the buffer removal time for the at least one gf the decoding units comprises
a signeled value indicative of a number of network abgéraction layer (NAL) units
comprised by the at least one of the decoding units
77.  The computer program product of clgfn 70, wherein receiving the respective

signaled value indicative of the respectivg/buffer removal time for each of the plurality
of the sub-pictures of the common picphre comprises receiving a respective signaled

valuc indicative of the buffer remoyhl time for cach of the sub-pictures of the common

The computer program product of claim 77, wherein the respective signaled
value indicative of the buffer removal time for each of the sub-pictures of the common
picture is comprised in a picture timing supplemental enhancement information (SET)
message applicable to the common picture,
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80.  The computer program product of claim 77, wherein the respective signaled
value indicative of the buffer removal time for each of the sub-pictures of the common
picture is comprised in a supplemental enhancement information (SEI) message

applicable (0 a respective sub-piclure.

81.  The computer program product of claim 70, wherein coding the vidgh data
comprises encoding video data to form at least one of the decoding unityfand wherein
obtaining the buffer removal time comprises determining a value indjfative of the buffer

remaogval time,

82.  The computer program product of claim 70, whereipffemoving the decoding
units of video data from the picture buffer in accordan ith the obtained buffer
removal time compriscs removing at Icast onc of the glecoding units from the picture
buffer afier the obtained buffer removal time has phssed sinee the storing of at lcast onc

of the decoding units in the picture buffer,
83.  (Canccled)

84.  The computer program progfuct of claim 70, wherein the instructions further
cause the processor to reccive gfsignaled value indicative of a byte alignment of at least

on¢ of the sub-pictures withyh a larger set of the video data.

85.  The computegfprogram product of claim 84, wherein the larger set of the video
data comprises andccess unit, a subset of an access unit, a picture, a frame, a slice, a

wave, or a tile,

86. e computer program product of claim 70, wherein the sub-pictures correspond
to at [#ast one of one or more sequences of blocks of video data, one or more slices, one

orhore waves, one or more tiles, or one or more netwaork abstraction layer (NAL) units,
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87.  The computer program product of ¢laim 70, wherein obtaining the respective
buffer removal time for a respective decoding unit of the decoding units comprises:
if the respective decoding unit comprises an ordinal first decoding unit of th

information (SEI) message associated with an access unit that comprises the respective
decoding unit; and
if the respective decoding unit is not the ordinal first decodirgf unit of the video

buffer removal delay[i] as specified in the picture iming SPI message associated with

the access unit that comprises the respective decoding wfit.

88.  The computer program product of claim 7, wherein obtaining the respective
buffer removal time for a respective decoding/mit of the decoding units compriscs:

if the respective decoding unit compffises an ordinal first decoding umit of an
access unit of the video data, determinipf that a nominal removal time for the decoding
unit comprises an initial coded pictuy€ buffer removal delay value divided by 90000;
and

if the respective decodifig unit is not the ordinal first decoding unit of the access
unil, wherein the decodingnit comprises an ordinal m™" decoding unit where >0 of
the access unit, determipfing that a nominal temoval time for the decoding unit
comprises a nominalfemoval time of an ordinal first decoding unit of a previous
buffering period pus a clock tick times a coded picture buffer removat delay associated

with the ordingd m® decoding unit.

89. c computer program product of claim 70, wherein at least two of the decoding
unityneinde different numbers of coding blocks, and coding the video data

esponding to the removed decoding units comprises coding the different numbers of
coding blocks in the at least two decoding units,
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90.  The computer program product of claim 70, wherein at least two of the decodin
units include different numbers of bits, and coding the video data corresponding to
removed dccocﬁng units comprises coding the different numbers of bits in the at

two decoding units.

91. A method of processing video data, the method comprising:

processing video data in aceordance with at least one of a plughlity of video
usability information (VUI) paramelers including:

a sub-picture coded picture buffer (CPB) parameters prypbent flag
(sub_pic_cpb_params present flag) that indicates a presengf of sub-picture CPB
parameters,

a first supplemental enhancement information{SEI) message including at least
one of a syntax element indicating a delay for a SchiedSelldx-th CPB between a time of
arrival in a coded picture buffer (CPB) of a firg/bit of coded data associated with a first
decoding unit in an access unit associated wh a buffering period SEI message, and a
time of removal from the CP'B of the cogéd data associated with the first decoding unit,
for the first buffering period afier hyg#éthetical reference decoder (HRD) initialization
(initial_du_cpb_removal_delay), gAd a syntax clement indicating, in combination with a
syntax element indicating a CP removal delay (cpb_removal _delay), an offset for the
SchedSelldx-th CPB to spegly an initial delivety time of the first decoding unit to the
CPB (initial du cpb regfoval delay offset), and

a sceond SEJ phessage including at Jeast one syntax element indicating & number
of nctwork accessfayer (NAL) units in a cotresponding i-th decoding unit of the access

unit with whic/the picturc timing SEl message is associated

re removing from the CPB the corresponding i-th decoding unit in the access unit
ssociated with the picture timing SEI message (du_cpb_removal_delay),
wherein processing the video data comprises removing, in response to the sub-
picture CPB parameters present flag, decoding units from a coded picture buffer in
accardance with at least ane of the first SEI message or the second SEI message,
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CLAIMS

1. An mvention not claimed in any divisional application.



