wo 2015/142921 A1 || 0T OO0 O OO

(43) International Publication Date
24 September 2015 (24.09.2015)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2015/142921 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:

HO4N 19/597 (2014.01) HO4N 19/46 (2014.01)
HO4N 19/105 (2014.01) HO04N 19/30 (2014.01)
HO4N 19/70 (2014.01) HO04N 19/68 (2014.01)

International Application Number:
PCT/US2015/021065

International Filing Date:
17 March 2015 (17.03.2015)

English
English

Filing Language:
Publication Language:

Priority Data:
61/954,551 17 March 2014 (17.03.2014)
61/973,104 31 March 2014 (31.03.2014) Us

14/659,213 16 March 2015 (16.03.2015) Us

Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, California 92121-1714 (US).

Inventors: HENDRY, Fnu; 5775 Morehouse Drive, San
Diego, California 92121-1714 (US). RAMASUBRAMO-

Us

(74

(8D

(84)

NIAN, Adarsh Krishnan; 5775 Morehouse Drive, San
Diego, California 92121-1714 (US). WANG, Ye-Kui;
5775 Morehouse Drive, San Diego, California 92121-1714
(US).

Agent: PRIEM, David F.; Shumaker & Sieffert, P.A.,
1625 Radio Drive, Suite 300, Woodbury, Minnesota 55125

(US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page]

(54) Title: POC VALUE DESIGN FOR MULTI-LAYER VIDEO CODING

LT-RPS

5 BITS FOR GONTAINS

SIGNALING

POC LSB == 1
POC LSB LTRP P OCLSB==15
2
Laver1 ¥
INDEPENDENT
NON-BASE LAYER  +ws
NO IDR EXCEPT FOR
FIRST PICTURE
Zero.
9% _—
» =
LAYER 0 .. e [ 3 ..
(BASE LAYER) M
POC_RESET IDC 0 2 0 0 0
POGMSB 0 0 0 0 0
POGLSB 3 20 21 22 23
POC BEFORE RESET 3 2 21 2 2
POC AFTER RESET 7 0 1 2 3

BEFORE EXTRACTION OF LAYER 1

AFTER EXTRACTION OF LAYER 1
CANNOT FIND LTRP

LT-RPS STILL CONTAINS
POC LSB == 15;
/ IT SHOULD BE 3

POC MSB 0 [} 0 0 0
POC LSB 3 20 21 22 23
POC 3 20 21

22 23
IDR picture  Non-IRAP
picture

FIG. 4

(57) Abstract: In an example, a method of coding video data includes cod-
ing, by a video coder, at least a portion of a picture of an independently de-
codable non-base layer of a multi-layer bitstream. The method also in-
cludes coding, by the video coder, data indicating a picture order count
(POC) value reset for a POC least signitficant bits (LSB) value of the pic-
ture only when the picture has a POC LSB value for the picture is equal to
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POC VALUE DESIGN FOR MULTL-LAYER VIDEO CODING

{68081} This apphication claims the benefit of ULS. Provisional Application No.
61/854,551, filed March 17, 2614, and U.S. Provisional Application No. $1/973,104,

filed March 31, 2814, which arc hereby incorporated by reference in their entirety.

TECHNICAL FIELD

18662} This disclosure relates to video coding,

BACKGROUND

16643} Digital video capabilitics can be incorporated nto a wide range of devices,
mchiding digital televisions, digital direct broadcast systems, wircless broadeast
systems, personal digital assistants (PDAs), laptop or deskiop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video sircaming
devices, and the like. Digital video devices implement video coding tochniques, such as
those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, 1TU-T
H.264/MPEG-4, Part 10, Advanced Video Coding {AVC), the ITU-T H.26S High
Efficiency Video Coding (HEVC) standard, and cxtensions of such standards. The
video devices may trangmit, receive, encode, decode, and/or store digital video
mformation more efficiently by implementing such video coding technigues.

186084} Video coding techniques include spatial {intra-picture} prediction and/or
temporal (Inter-picture) prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video shce (e.g., a video frame or a portion
of a video frame) may be partitioned into video blocks, which may also be referred to as
trechlocks, coding units {CUs) and/or coding nodes. Video blocks in an intra-coded (1)
shce of a picture are encoded using spatial prediction with respect to reference samples
m neighboring blocks in the same picture. Video blocks in an mter-coded (P or B) shice
of a pictore may use spatial prediction with respect to reference samples in neighboring
blocks mn the same picture or temporal prediction with respect to reforence sanples in

other reference pictures. Pictares may be referred to as frames, and reference pictures
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may be referred to a reference frames. A picture may refer o a decoded pictire or a
coded picture,

{8065} Spatial or temporal prediction results 1o a predictive biock for a block to be
coded. Residual data represents pixel differences between the original block to be
coded and the predictive block. Aninter-coded block is encoded accordmg to a motion
vector that points to a block of reference samples forming the predictive block, and the
residual data indicating the difference between the coded block and the predictive block.
An ntra-coded block is encoded according to an infra-coding rode and the residual
data. For turther compression, the residual data may be transformed from the pixel
domain to a transform domain, resulting in residual transform coefficients, which then
may be quantized. The quantized transform coefficients, initially arranged in a two-
dimensional array, may be scamned in order to produce a one-dimensional vector of
transform coefficients, and entropy coding may be applied to achieve even more

Gompressian.

SUMMARY

18066} This disclosure describes tochniques for casing extraction of a layer of video
data from a multi-layer bitstream. For example, the techniques of this disclosure may
be used to control picture order count (POC) value resetting for pictares of an
independent non-base layer of a multi-layer bitstream. In some examples, constraining
the video coder using the techniques of this disclosure may allow a layer of video data
of a molti-layer bitstream to be extracted without changing data in slice headers of the
layer. In addition, controlling the locations at which POC value resetting cccurs may
help to ensure that video coder may appropriately identify long-term referconce pictures
in a decoded picture bufter (DPB).

(86671 In an example, a method of coding video data includes coding, by a8 video coder,
at least 8 portion of a picture of an independenily decodable non-base layer of a multi-
layor bitstream, and coding, data indicating a POC value reset for 2 POC least
significant bits (LSB) value of the picture only when the picture has a POC LSB value
for the picture i3 equal to zero.

16008} In another cxample, a device for ceding video data includes & memory
contigured to store an independently decodable laver of video data of a muiti-layer

bitstream. The device also includes a video coder configured to code at least a portion
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of a picture of the independently decodable non-base layer of the multi-laver bitstream,
and code data indicating a picture order count (POC) value reset for a POC least
significant bits {LSB) value of the picture only when the picture has a POC LSB value
for the picture s equal to zero.

[8889] In another example, a device for coding video data includes means for coding at
least a portion of a picture of an independently decodable non-base layer of a multi-
layer bitstream, and means for coding data indicating a picture order count (POC) value
reset for a POC least significant bits (LSB) value of the picture only when the picture
has a POC LSB value for the picture is equal o zero.

[6618] In another example, a non-transitory computer-readable storage medium has
stored thercon instructions that, when executed, cause a processor of a device for coding
video data to, code at least a portion of a picture of an independently decodable non-
base layer of a multi-layer bitstream, and code data indicating a picture order count
(POC) value reset for a POUC lecast significant bits (LSB) value of the picture only when
the picture has a POC LSB value for the picture is equal to zero.

16011} The details of one or more examples are set forth in the accompanying drawings
and the description below, Other features, objects, and advantages will be apparent

from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

(68012} FIG. 1 1 a block diagram illustrating an example video encoding and decoding
system that may utilize techniques for coding POC value information according to the
technigues of this disclosure.

16013} FIG. 2 1s a block diagram illostrating an example of a video encoder that may
implement techniques for coding POC value information according to the techniques of
this disclosure.

(8014} FIG. 3 is a block diagram illustrating an cxample of a video decoder that may
implement techniques for coding POC value information according to the techniques of
this disclosure.

[8015] FIG. 4 s a conceptual diagram illustrating POC value resetting for an
independent non-base layer of @ multi-layer bitstream.

16616} FIG. S is another conceptual diagram illustrating POC value resetting for an

independent non-base layer of a multi-layer bitstream.
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16617} FIG. 6 flowchart illusirating an example method for encoding video data of a
multi-layer bitstream in accordance with the techriques of this disclosure.
(8018} FIG. 7 is a flowchart illostrating an example method for decoding video data of 8

owlti-tayer bitstream in accordance with the technigues of this disclosure.

DETAILED DESCRIPTION

8019} Aspects of this disclosure may relate to various techniques coding an
mdependent non-base layer for multi-layer bit streams. In some instances, the
technigues may be performed with muiti-layer extensions to g High Efficiency Video
Coding (HEVC) standard such as a Multi-view Video Coding extension to HEVC (MV-
HEVC) or a Sealable Video Coding (SVC) extension to HEVC (SHV(C), as noted
below. The techniques of this disclosure, however, are not Hmited to any particular
video coding standard, and may also or aliernatively be used with other extensions o
HEVC, other nuihii-view coding standards and/or other multi-layer video standards. In
addition, techmiques of this disclesure, as described below, may be applied
independently or in combination.

160268] A “layer” of video data may generally refor to a sequence of pictures having at
least one common characteristic, such as a view, a frame rate, a spatial format or
resolation, a signal-to-noise ratio or the like. For example, a layer may mehude video
data associated with 2 particular view (e.g., perspective) of multi-view video data. As
another example, a layer may include video data associated with a particular layer of
scalable video data. Thus, this disclosure may interchangeably refer to a layerand a
view of video data. That is, a view of video data may be referred o as a layer of video
data, and vice versa. In addition, a nmulti-layer codec (also referred to as a multi-layer
video coder or multi-layer encoder-decoder) may refor to a multi-view codec or a
scalable codec (e.g., a codec configured to encode and/or decode video data using MV-
HEVC, SHVC, or another multi-layer coding technique).

(8021} A muhi-layer bitstrearn may include a base layer and one or more non-base
layers. The base layver may typically have a layer identifier that is equal to zevo. A non-
base layer may have a layer identificr that is greater than zero, and may provide
additional video data that is not included in the base layer. For example, a non-base
fayer of multi-view video data may include an additional view of video data. A non-

base layer of scalable video data may include an additional layer of scalable video data
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having an mcreased or decreased resolation relative to the base layer. A non-base layer
may be interchangeably referred to as an enhancement layer.

18022} A layer may be reforred to as being “independent” when the iayer does not have
a direct reference layer. That is, au independent laver may be coded (encoded or
decoded) without referring to video data of another layer. An independent non-base
layer may conform to a particular coding profile of a particular standard, which does not
have to be the samce as other lavers of a nwelti-layer bitstream to which the independent
fayer belongs. In a non-lunited example for purposes of illustration, a multi-layer
bitstream may conform to MV-HEVC or SHVC, An independent non-base layer of the
multi-layer bitstream may be independently coded (e.g., without using inter-layer
prediction techniques) and may conform to the HEVC standard. Accordingly, as
described in greater detail below, the independent non-base layer may be extracted and
decoded using the HEVC standard and without decoding the other layers of the multi-
layer bitstream. In some instances, 2 media aware network clement (MANE), splicing
unit, or other device may extract independent layers from a roulti-layer bitstream. In
such instances, the MANE may transmit only the extracted independent layer to a video
decoder for decoding. In other instances, another computing device may be responsible
for extraction of a sub-bitstream.

{8023} The technigues of this disclosure are applicable to the setting of picture order
count (POC) values for video coding and may be used to case extraction of an
independent non-base layer from a multi-layer bitstream. For cxample, a video encoder
may encode & multi-layer bitstream according to a particular multi-layer video coding
standard, e.g., SHVC or MV-HEVC. A video decoder, media aware network element
{(MANE), splicing unit, or other device may extract independent non-base layers from
such a multi-layer bitstream. As described in grester detail below, the techniques of this
disclosure mray, in sorae examples, allow a layer to be extracted from a multi-layer
bitstream such as a bitstream contorming to SHVC or MV-HEVC and properly decoded
by a video decoder configured to decode using the HEVC standard without altering slice
headers or other syntax of the independent non-base layer.

16624} POC values may indicate a display order of pictures and may generally be used
to identify the picture. For example, a picture having a POC value of 0 s displayed
prior to a picture having a POC value of 1. When a block of a current picture is inter-
predicted relative fo a reference picture, the reference picture may be identified using a

POC value for the reference picture. More particalarly, POC values for reference
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pictures to be included in a reference picture list may be signaled in a parameter set,
such as sequence parameter set (SPS), picture parameter set (PPS), and/or a slice header
corresponding to the block. In this manner, a video encoder may identify a reference
picture by signaling an index udo the reference picture list corresponding to the position
of the reference picture in the reference picture lst, and a video decoder may identify
the reference picture by constructing the reference picture Hst (hased on the POC
values) and using the reference index to identify the position of a reference picture in
the reference picture list.

166258} POC values may be composed of least significance bits (L3Bs) and most
significant bits (MSBs). In general, the POC LSB value may be signaled in the
bitstream.  For example, the POC LSB value may be inchuded in a slice header of shices
of a pictare. A video coder (video encoder or video decoder) may determine a POC
M5B value for a picture based on a POC value of a previously coded picture of the
bitstream.

18026} POC values may be used o multi-layer video coding to ensure that video data
from multiple lavers is output appropriately. For example, in multi-layer video coding
{e.g., multi-view video coding, scalable video coding, or the like), a view component
may conprise an encoded picture for a particular layer or view at a particular time (in
terms of display order, or output order). An access unit is, generally, a unit of data
mclading all view components {e.g., all network abstraction layer (NAL) onits) fora
common temporal instance. The view components of an access unit are typically
ntended to be output together (i.c., output substantially simultancously), where
outputting a picture generally invelves transferring pictures from the DPR {e.g., storing
pictures from the DPB o an external memory, sending the pictures from the DPBioa
display, removing pictures from the DPB, or the like}.

(8027} A video coder may periodically reset a POC value. For example, the video
coder may typically reset a POC value for an Instantancous Decoder Refresh (IDR)
picture {¢.g., a picture that contains only intra-predicted slices). In addition to resctiing
the POC value, the video coder may decrement a POC value of pictures that bave boen
processed and stored to a DPB previous to the current picture associated with the POC
reset. The POC values of reference pictures that have been decremented may have a
negative value in order to maintain the appropriate output order of such pictures.

(8028} In some instances, a video coder may reset the POC value of a picture inan

access unit of a multi-layer bitstream in order 10 maintain cross-layver alignment with
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other pictures of the access unit. In a single layer bitstream {e.g. HEVC), each aceess
unit includes a set of NAL units that are associated with each other according to a
specified classification rule and that are consecutive in decoding order, and each access
unif contains exactly one picture (also referred to as a coded picture). To a multi-layer
bitstream {e.g., an SHVC or MV-HEVC bitstream with more than one layer), access
units {also known as muolti-layer access units) may inclode one or more coded pictures.
If one or more coded pictures are included in a multi-layer access unit, cach coded
picture is disposed within a sub-bitstream. By way of example, a oulti-layer access unit
may have one coded picture in a base layer and one coded picture in an enhancement
layer. Hence, a muti-layer access unit comprises all coded pictures across layers with
the same output time, inclading all associated video coding layer (VCL) and non-VCL
NAL units. The coded pictures in an access unit may be associated with the same value
of POC for identification and to ensure that the pictures of the access wunit are ouiput at
the same or substantially the same time.

16029] With respect to POC value rescotting to moaintain cross-layer aligoment, in an
example for purposes of iHlustration, an aceess unit may inchide a base layer IDR picture
that causes POC value resetting to be performed and a non-base layer pictore that is not
an IDR pictare. In order to ensure that the POC value of the non-base layer picture of
the access unit matches that of the base layer pictare, the video coder may resct the POC
value of the non-base layer picture.

18438} As noted above, an independent non-base layer may conform to a particelar
coding profile associated with a particular standard to allow the nown-base layer to be
extracted from a multi-layer bitstream. Providing for the non-base layer of a multi-laver
bitstream to be independently coded, however, may present several challenges. For
example, as described in greater detail with respect to FIG. 4 below, resctting & POC
LSE value of a picture of an fndependent non-base layer may cause an issue with
appropriately identifying long-term reference pictures (LTRPs) of a reference picture se
{RPS). As snother cxample, resetiing a POC LSB value of a picture of the independent
non-base layer may cause an access unit to contain pictures that arc not cross layer
aligned.

{8631} The techniques of this disclosure may, in some instances, address the challenges
noted above. For example, the techniques of this disclosure may be used to allow 2
non-hase fayer of a multi-layer bitstrean to be extracted and decoded with minimal

changes to the non-base layer (e.g., without altering shice headers or other syntax of the
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non-base layer). The techmques of this disclosure may be used to determine a location
of intra random access point (IRAP) pictures in an independent non-base layer. In this
manner, the techniques of this disciosure may be used to control POC value yesetting for
pictures of an independent von-base layer.

(88321 According to aspects of this disclosure, a video coder (2 video encoder or video
decoder) may code a picture of an independently decodable laver of a multi-layer
bitstream. The video coder may also code data indicating a POC value reset for 3 POC
LS8 value of the picture only when the POC LS8 value for the picture is equal to zero.
In some examples, the video coder may only code data indicating a POC value reset for
an enhancement layer when the pictore in the independent non-base layer being coded s
an IDR pictare or when the picture being coded has a POC LSB value equal to zero
prior to performing the POC valuc reset. As described n greater detail below,
controlling the locations at which POC value resetting oceurs may help to ensure that
video coder may appropriately identify long-term reference pictures ina DPB and
maintain bisircam compliance with a particular video coding standard, e.g., such as a
standard identified herein.

[6033] In a non-lmiting example for purposcs of illustration, the technigues of this
disclosure may allow an independent noun-base layer to be extracted from a muiti-layer
scalable bitstream. For example, an SHVC bitstream may imchide a base layer having a
resohution of 540p and an enhancement layer of 1080p. By convention, in the base
tayer, an IDR picture may be included up to every 32 pictures. In the enbancement
fayer, an IDR may be included at a differcnt interval, ¢.g., every 96 pictures.

16034} The techniques of this disclosure may be used fo constrain the manner in which
such a scalable bitstream s formed, such that the enhancement layer maintains
conformance with the base HEVC standard. For example, as described herein, the
techniques of this disclosure may be used to control the manner in which POC vahie
resetting 1s performed for the SHVC bitstream, such that the enhancement layer may be
extracted from the SHVC bitstream and decoded by 8 decoder conforming to the base
HEV standard. Accordingly, a mobile computing device that has the capability to
decode an HEVC bitstream (but not an HEVC bitstream} may receive and decode the
enhancement layer without altering the slice headers (which contain POC vahse
information, as described herein) of the enhancement layer.

(80358} FIG. 1 is a block diagram illustrating an example video encoding and decoding

system 10 that may vtilize techniques for managing POC values according to the
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techniques of this disclosure. As shown in FIG. |, system 10 inchudes a source device
12 that provides encoded video data to be decoded at a later time by a destination device
14. Ino particular, source device 12 provides the video data to destination device 14 via g
computer-readable medinm 16,

8036} Source device 12 and destination device 14 may comprise any of a wide range of
devices, including desktop computers, notebook (i.e., laptop) computers, tablet
computers, set-top boxes, telephone handsets such as so-called “smart” phones, so-
called “smart” pads, televisions, cameras, display devices, digital media players, video
gaming consoles, video streaming device, or the like. In some cases, source device 12
and destination device 14 may be equipped for wircless communication.

(8037} Computer-readable medium 16 may comprise any type of medium or device
capable of moving the encoded video data from source deviee 12 to destination device
14. In one example, computer-readable medivm 16 may comprise a commaunication
medivm to gnable source device 12 to transmit encoded video data directly to
destination device 14 i real-time. The enceded video data meay be modulated
according to a conmmunication standard, such as a wircless comnumication protocol, and
transmitted {o destination device 14, The commumnication mediim may comprise any
wireless or wired commumnication medium, such as a radio frequency (RF) spectrom or
one or more physical transmission lines. The communication mediam may form part of
a packet-based network, such as a local area network, a wide-area network, or a glebal
network such ag the Internet. The conmumumnication mediunm may include routers,
switches, base stations, ot any other cquipment that may be usceful to facilitate
communication from source device 12 to destination device 14,

[8038] In some examples, computer-readable medivm 16 may inchude a storage device.
For example, the siorage device may include any of a variety of distributed or locally
accessed data storage media such as a hard drive, Blu-ray discs, DVDs, CD-ROMs,
flash memory, volatile or non-volatile memory, or any other suitable digital storage
media for sioring encoded video data. In a further example, the storage device may
correspond to a file server or another intermediate storage device that may store
encoded video generated by source device 12 and that may be accessed by destination
device. Example file servers include a web server {e.g., for a website), an FTP server,
network attached storage (NAS) devices, or a local disk drive.

(8039} In the example of FIG. 1, source device 12 includes video source 18, video

encoder 20, and output interface 22, Destination device 14 inchides input interface 28,
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video decoder 30, and display device 32. In other examples, a source device and a
destination device may inchide other components or arrangements. For example, souree
device 12 may receive videe data from an external video source, such as an oxternal
camera. Likewise, destination device 14 may interface with an external display dovice,
rather than ncloding an integrated display device. Hence, the illustrated system 10 of
FIG 1 is merely one example. Techniques for managing POC values according to the
technigues of this disclosure may be performed by any digital video encoding and/or
decoding device.

16048} Although generally the techniques of this disclosure are performed by a video
encoding device, the techniques may also be performed by a video encoder/decoder,
typically referred to as a “CODEC.” Moreover, the techniques of this disclosure may
also be performed by a video preprocessor. Source device 12 and destination device 14
arc merely examples of such coding devices in which source device 12 generates coded
video data for transmission to destination device 14, In some examples, devices i2, 14
may operate in a substantially symmetrical manner such that each of devices 12, 14
include video encoding and decoding components. Hence, system 10 may support one-
way of two-way video transmission between video devices 12, 14, e.g., for video
streaning, video plavback, video broadeasting, or video telephony.

(88411 Video source 18 of source device 12 may mnclude a video capture device, such as
a video camera, a video archive containing previously captared video, and/or a video
feed interface to receive video from a video content provider. As a further alternative,
video source 18 may generate computer graphics-based data as the source video, or a
combination of Hve video, archived video, and computer-generated video. In some
cases, if video source 18 is a video camera, source device 12 and destination device 14
may form so-called camera phones or video phones. As mentioned above, however, the
techniques described in this disclosure may be applicable to video coding in general,
and may be applied to wireless and/or wired applications. In each case, the captured,
pre-captured, or computer-generated video may be encoded by video encoder 20, The
encoded video information may then be output by output fotertace 22 onto a computer-
readable mediom 16.

{8642} As noted above, computer-readable medium 16 may include transient media,
such as a wircless broadcast or wired network transmission, or storage media (that is,
non-transitory storage media), such as a hard disk, flash drive, compact disc, digital

video dise, Blu-ray dise, or other computer-readable media. In some examples, a
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network server (not shown) may receive encoded video data from source device 12 and
provide the encoded video data to destination device 14, e.g., via network transmission,
Similarly, a computing device of a medium production facility, such as a disc stamping
facility, may receive encoded video data from source device 12 and produce a disc
containing the encoded video data. Theretore, computer-readable medium 16 may be
understood to include one or more computer-readable media of various forms, in
various examples.

16043} Input iInterface 28 of destination device 14 may roceive or access information
from computer-readable mediom 16. The information of computer-readable medium 16
may nchude syntax information defined by video encoder 20, which is also used by
video decoder 30, that fncludes syutax clements that describe characteristics and/or
processing of blocks and other coded units, ¢.g., group of pictures {GOPs). Display
device 32 displays the decoded video data to a user, and may comprise any of a variety
of display devices such as a cathode ray tube (CRT), a liquid crystal display (LCD, 2
plasma display, an organic hight coutting diode (OLED) display, or another type of
display device.

[8044] Destination device 14 may access the encoded video data through any standard
data connection, mchiding an Intornet connection. This may include a wircless channel
{e.g., 2 Wi-Fi connection), a wired connection {e.g., DSL, cable modem, et¢.}, ora
combination of both that is suitable for accessing encoded video data stored on a file
server. The transmission of encoded video data from the storage device may be a
strearing transmission, a download transmission, or a combination thereof. The
techmiques of this disclosure are not necessarily imited to wireless applications or
settings. The technigqoes may be applied to video coding in support of any of a varicty
of multimedia applications, such as over-the-air television broadeasts, cable television
transmissions, satellite television transmissions, Internet streaming video transmissions,
such as dynamic adaptive streaming over HTTP (DASH), digital video that is encoded
onio a data storage medium, decoding of digital video stored on a data storage medivm,
or other applications. In some examples, system 10 may be configured to support one-
way of two-way video transmission to sapport applications such as video streaming,
video playback, video broadeasting, and/or video telephony.

[8645] Video encoder 20 and video decoder 30 cach may be implemented as any of a
variety of suttable encoder circutiry, such as one or more mricroprocessors, digital signal

processors {DSPs), application specific integrated circuits (ASICs), field programmable
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gate arrays (FPGAs), diserete logic, software, hardware, firmware or any combinations
thercof. When the techniques are tmplemented partially in software, a device may store
instructions for the software in a suitable, nou-transitory computer-readable medium and
execute the instructions in hardware using one or more processors to perform the
techniques of this disclosure. Each of video encoder 20 and video decoder 30 may be
mcladed in one or more encoders or decoders, either of which may be integrated as part
of a combined CODEC in a respective device. A device inchiding video encoder 20
and/or video decoder 30 raay comprise an infegrated circuit, a vricroprocessor, and/or a
wireless communication device, such as a cellular telephone.

{8846} Although not shown in FIG. 1, in some aspects, video encoder 20 and video
decoder 30 may each be integrated with an audio encoder and decoder, and may include
appropriate MUX-DEMUX units, or other hardware and software, to handle encoding
of both andio and video in a common data stream or separate data streams. If
applicable, MUX-DEMUX units may conform to the ITU H.223 multiplexer protocol,
or other protocoels such as the user datagram protocol (UDP).

16647} This disclosure may generally refer to video encoder 20 “signaling” certain
information to another device, such as video decoder 30, It should be undersicod,
however, that video encoder 20 may signal information by associating certain syntax
elements with various encoded portions of video data. That is, video encoder 20 may
“signal” data by storing certain syntax elements to headers of various encoded portions
of video data. In some cases, such syniax elements may be encoded and stored prior to
heing received and decoded by video decoder 30. Thus, the term “signaling” may
generally refer to the commumnication of syntax or other data for decoding compressed
video data, whether such commumication occurs in real- or near-real-time or over a span
of time, such as might occur when storing syntax elements to a medium at the time of
encoding, which then may be retricved by a decoding device at any time after being
stored to this medium.

18848] Video encoder 20 and video deceder 30 may operate according to a video coding
standard. Recontly, the design of a new video coding standard, namely High-Efticiency
Video Coding (HEVC), has been finalized by the Joint Coliaboration Team on Video
Coding (JCT-VC) of ITU-T Video Coding Experts Group (VCEG) and ISG/IEC
Motion Pictare Experts Group (MPEG). The multiview extension to HEVC, namely
MV-HEV, s also being developed by the JUT-3V. A recent Working Draft (WD) of
MV-HEVC, referred to as MV-HEVC WD7. The scalable extension to HEVC, named
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SHVC, is also being developed by the JCT-VC. A recent Working Draft (WD) of
SHVC and referred to as SHYC WDS5, The techniques of this disclosure, however, are
not limited 1o any particular coding standard.

(8049} In HEVC and other video coding standards, a video sequence typically includes
a series of pictures. Pictures may also be referred to as “frames.” A picture may
include three sample arrays, denoted Sy, S¢y, and Se. S 18 a two-dimensional array
(i.e., a block) of luma samples. Scp is a two-dimensional array of Cb chrominance
sarapies. Scy s a two-dimensional array of Cr chromsinance samples. Chrominance
samnples may also be referred to herein as “chroma” samples. In other instances, a
picture may be monechrome and may only inclade an array of huna samples.

[8058] To generate an encoded representation of a picture, videe encoder 20 may
generate a set of coding tree units (CTUs). Each of the CTUs may be a coding tree
block of luma samples, two corresponding coding tree blecks of chroma samples, and
syntax structures used to code the samples of the coding tree blocks. A coding tree
block may be an NxN block of samaples. A CTU may also be referred to as a “tree
block” or a “largest coding unit” (LCU). The CTUs of HEVC may be broadly
analogous to the macroblocks of other standards, such as H264/AVC, However, a
CTU is not necessarily mited to a particular size and may include one or more coding
units {CUs).

(88511 A slice may include an integer mumber of CTUs ordered consecutively in the
raster scan. A slice may cormprise a shice header and siice data. The slice header of a
slice may be a syntax structure that includes syntax clements that provide information
about the shice. The shce data may nclude coded CTUs of the shce.

18652} This disclosure may use the term “video unit” or “video block™ or “block” to
refer to one or more sample blocks and syntax structures used to code samples of the
one or more blocks of saraples. Example types of video untts or blocks may include
CTUs, CUs, PUs, transform units (TUs), macroblocks, macroblock partitions, and so
on. In some contexts, discussion of PUs may be interchanged with discussion of
macroblocks of macroblock partitions.

1865831 To generate a coded CTU, video encoder 20 may recursively perform quad-tree
partitioning on the coding tree blocks of a CTU to divide the coding tree blocks into
coding blocks, hence the name “coding tree units.” A coding block is an NxN block of
sanpies. A CU may be a coding block of luma sanples and two corresponding coding

blocks of chroma samples of a picture that has a hma sample array, a Cb sample aray
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and a Cr sample array, and syntax structures used to code the samples of the coding
blocks. Video encoder 20 may partition a coding block of a CU mto one or more
prediction blocks. A prediction block may be a roctangular (i.e., square or non-squarg)
block of samples on which the same prediction is applied. A prediction unit (PU) of a
CU may be a prediction block of luma samples, two corresponding prediction blocks of
chroma samples of a picture, and syntax structures used to predict the prediction block
sampics. Video encoder 20 may generate predictive luma, Ch and Cr blocks for luma,
Ch and Cr prediction blocks of cach PU of the CU.

16084} Video encoder 20 may use intra-prediction or inter-prediction to generate the
predictive blocks for a PU. H video encoder 20 uses intra-prediction to generate the
predictive blocks of a PU, video enceder 20 may generate the predictive blocks of the
PU based on decoded samples of the picture associated with the PUL

[8055] If video encoder 20 uses inter-prediction to generate the predictive blocks of a
PU, video encoder 20 may gencerate the predictive blocks of the PU based on decoded
sarapies of one or more pictures other than the picture associated with the PU. Video
encoder 20 may use uni-prediction or bi-prediction to generate the predictive blocks of a
PU. When video encoder 20 uses uni-prediction to generate the predictive blocks fora
FPU, the PU may have a single motion vector (MV)., When video encoder 20 uses bi-
prediction to generate the predictive blocks for a PU, the PU may have two motion
vectors {MVs).

16056] After video encoder 20 generates predictive luma, Chb and Cr blocks for onc or
more PUs of a CU, video encoder 20 may generate a fluma residual block for the CU.
Each sample in the C1%s huma residual block indicates a difference between a lama
sample in one of the CU’s predictive luma blocks and a corresponding sample in the
CU’s original luma coding block. In addition, video encoder 20 may generate a Cb
residual block for the CU. Each sample in the CU%s Chb residual block may indicate a
difference between a Ch sample in one of the CU’s predictive Ch blocks and a
corresponding sample in the CU’s original Cb coding block. Video encoder 20 may
also generate a Cr residual block for the CU. Hach sample in the CU’s Cr residual block
may indicate a difference between a Cr sample in one of the CU’s predictive Cr blocks
and a corresponding sample in the CU's original Cr coding block.

{8057} Furthermore, video encoder 20 may use quad-tree partitioning to decompose the
tuma, Cb and Cr residual biocks of a CUJ into one or more luma, Cb and Cr transform

blocks. A transform block may be a rectangular block of samples on which the same
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transform is applied. A transform unit (TU) of a CU may be a ransform block of hima
samples, two corresponding transform blocks of chroma samples, and syniax stroctores
used to transform the transform block samples. Thus, cach TU of a CU may be
associated with a fuma transform block, a Cb transform block, and a Cr transform block,
The luma transform block associated with the TU may be a sub-block ofthe CU’s luma
residual block. The Cb transform block may be a sub-block of the CU’s Cb residual
block. The Cr transform block may be a sub-block of the CU’s Cr residual block.
18088} Video encoder 20 may apply one or more transforms to a luma fransform block

of a TU to generate a luma coefficient block for the TU. A coefficient block may be a
two-dimensional array of transform coefficients. A transform coefficient may bea
scalar quantity. Video encoder 20 may apply one or more transforms 10 a Chb transform
block of a TU to generate a Ch cocfficient block for the TUL Video encoder 20 may
apply one or more fransforms to a Cr transform block of a TU to generate a Cr
coctficient block for the TU.

160589] Aficr generating a coctficiont block (¢.g., & luma coefficient block, a Ch
coefficient block or a Cr coefficient block}, video encoder 20 may guantize the
coefficient block. Quantization generally refers {0 a process in which transform
coefticicnts are quantized to possibly reduce the amount of data used to represent the
transform cocfficients, providing further compression. After video encoder 20 guantizes
a coefficient block, video encoder 20 may entropy encode syntax clements indicating
the quantized transform coefficients. For example, video encoder 20 may perform
Context-Adaptive Binary Arithmetic Coding (CABAC) on the syntax clemenis
ndicating the quantized transform coefficients. Video encoder 20 may output the
entropy-encoded syntax elements in a bitstream.

(8068} Video cncoder 20 may output a single layer or a multi-layer bitstream. Each
layor has an associated bitstream that includes the entropy-encoded syndax elements,
The bitstream may include a sequence of bits that forms a representation of coded
pictures and associated data. The bitstream may comprise a sequence of network
abstraction layer (NAL} units. Each of the NAL uniis includes 2 NAL unit header and
encapsitlates a raw byte sequence payload (RBSP). The NAL onit header may include a
syntax element that indicates a NAL unit type code. The NAL onit type code specified
by the NAL unit header of a NAL unit indicates the type of the NAL unit. A RBSP may
be a syntax structure containing an integer number of bytes that is encapsulated within a

NAL wmit, In some mstances, an RBSP includes zero bits.
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16661} Different types of NAL umits may encapsulate different types of RBSPs. For
example, a first type of NAL unit may encapsulate an RBSP for a pictare parameter set
{PPS), a second type of NAL unit may encapsulate an RBSP for a coded slice, a third
type of NAL unit may concapsulate an RBSP for supplomental enhancement information
{SEL}, and so on. NAL units that encapsulate RBSPs for video coding data (as opposed
to RBSPs for parameter sets and SEI messages) may be referred to as VCL NAL units,
18662} Video decoder 34 may reccive a bitstream generated by video encoder 20, In
addition, video decoder 30 may parse the bitstream to decode syntax clements from the
bitstream. Video decoder 30 may reconstruct the pictures of the video data based at
least in part on the syntax elements decoded from the bitstream. The process to
reconstruct the video data may be generally reciprocal to the process performed by
video encoder 20.

{88631 For imstance, video decoder 30 may use motion vectors (MVs) of PUs to
determine predictive sampie blocks for the PUs of a current UL In addition, video
decoder 30 may inverse quantize transform coefficient blocks associated with TUs of
the current CU. Video decoder 30 may perform inverse transforms on the transform
coefficient blocks to reconstruct transform blocks associated with the TUs of the current
CU. Video decoder 36 may reconstruet the coding blocks of the current CU by adding
the samples of the predictive sample blocks for PUs of the current CU to corresponding
samples of the transform blocks of the TUs of the current CU. By reconstructing the
coding bocks for cach CU of a picture, video decoder 30 may reconsiruct the picture.
18064] Video encoder 20 and video decoder 30 may assign cach picture of a video
sequence a POC value for identification of the picture. Video encoder 20 may encode
{and video decoder 30 may decode) data representative of reference pictures to be
inchided in the reference pichure list, e.g., by signaling data representative of POC
vakues for the reference pictures in a slice header and/or in a parameter set, suchas a
PPS or an SPS. A POC value, represented by the syntax element PicOrderCntVal, for a
particular coded picture denotes the picture’s relative order in the picture output process
with respect to other pictures o the same coded video sequence. The POC values of
reference pictures that have been decremented may have a negative value in order to
maintain the appropriate output order of such pictures.

[8865] A POC value includes a POC LSB value and a POC MSB value. The POC LSB
value may increase for cach picture and specify an output order from an initial value of

zero 10 a maximum valae {e.g., a maximum value specified using 4 to 16 bits). In the
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exanple of an eight bit POC LSB value, for purposes of illustration, after a POC LS8
vatue of 255, the POC LSB value may roll over from 255 to zero and the POC LSBE
vafue may continue increasing from zevo, The POC LSB vahie may be signaied in the
slice header, while the POC MSE value may be computed by video decoder 30 based on
the NAL uanit type of the current picture and the MSBE and LSB of the previous picture
n decoding order, referred to as POC-anchor pictures. For SHVC and/or MV-HEVC,
additional information may be signaled to assist in computation of 3 POC MSB. Insuch
exaraples, when the additional information present, the computation of POC MSB does
not depend on the previous picture in decoding order.

[8066] An access unit 2 multi-layer bitstream may inclode an IRAP picture as well as
one or more other pictures that are not IRAP pictures (Le. non-IRAP pictures). An
TRAP picture contains only intra-coded (1) shices, and may be a broken link access
{BLA) picture, a clean random aceess {CRA) picture or an IDR picture. For each layer,
the first picture in the bitstream for a coded video sequence is an IRAP picture. IRAP
pictures are also provided at various poiots in cach layer of a multi-layer bitstream. A
multi-layer access unit may include [RAP pictures and non-IRAP pictures, because the
IRAP pictures may not be spaced at the same intervals within cach layer. Because
TRAP pictures typically require a larger bit pavioad than intor-coded non-IR AP pictures,
video encoder 20 may space [RAP pictures at a greater interval in an enhancement layer
as compared to a base layer.

188671 For cxample, for a GOP of eight, video encoder 20 may space IRAP pictures
every 32 pictures 1o a base layer and space 1R AP pictures every 96 pictures o an
enhancement layer. At a point in the multi-layer bitstream when one laver (such as a
base layer) has an IRAP picture and another layer does not have an IRAP picture, a
multi-layer access unit may be referred to as a non-aligned access unit. Subsequent
olti-tayer access uniis continue to be non-aligned until 2 POC is reset. As set forth in
greater detail below, provision of an [IRAP picture across all layers of a multi-layer
acceoss unit may reset the alignment.

18068} In some instances, POC values may be reset for pictures of a multi-layer access
unit in order 1o maintain POC alignment of the pictures in the multi-layer aceess onit,
By way of example, a standards compliant HEVC decoder may be configured to extract
and decode a non-base layer (alse known as an enhancoment fayer) of 2 multi-layer
bitstream without updating reference picture set (RPS) fnformation 1n slice headers of

pictures i the extracted layer. The enhancement layer may be, for example, an
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alternate view in a MV-HEVC bitstream or scaled video in an SHVC bitstream. A
layer-specific POC resetting period may be specified based on a POC resetiing period
identifier signaled in shice segment headers. That is, video encoder 20 and video
decoder 30 may respectively code data ropresentative of the POC resetting period
identifier in slice scgment headers.

[8069] Each non- IRAP pictare (including pictures of an IDR pictare type) that
belongs to an access unit that contains at least one IRAP picture may be the start of a
POC resetting period may be started in the layver containing the non-1RAP picture. That
is, video encoder 20 may set a POC resetting type for a non-IRAP picture of an access
onit containing at least one IRAP pictore to indicate that the non-IRAP picture is the
start of &2 new POC resetting period. To such an access unit, each picture would then be
the start of @ POC resetting period i cach of the layers-.

188781 Video enceder 20 may signal a POC LB value in a slice segment header that
video decoder 30 may use to derive POC values of pictures in a layer including the shice
having the shce segment header. The POC LSB value signaled in the shice segment
header may be used for derivation of a delta POC value, which may be used for
updating the POC values of the same-layer pictares in the DPB, and also for derivation
of the POC MSEB of the POC value of the current picture.

{8071} When performing POC resetting for a POC rescttimg period, video encoder 20
may signal the POC resetting type in the slice segment header. The POC resetting type
may be indicated using a POC value reset index (poc_reset_ide), which may indicate
whether the POC values are to be fully or partially reset. For example, in MV-HEVC or
SHVC, the POC resetting type may be indicated using a poc_reset ide syntax element,
In such an example, a poc_reset ide syntax that is equal to § specifies that neither the
MSBs nor the LSBs of the POC vahue for the current picture are reset. A poc reset ide
syntax clement that is equal to 1 specifies that only the MSBs of the POC value for the
current pictire may be resef. A poc_reset ide syntax clement that is equal to 2 specifies
that both the MSBs and the LSBs of the POC value for the current picture may be reset,
A poc_veset ide symtax element that is equal 1o 3 specifies that cither ondy the MSBs or
both the MSBs and the LSBs of the POC value for the current picture may be reset and
additional POC information is signaled.

{8072} For an independent non-base layer to be ndependently decodable, video encoder
20 and video decoder 30 may apply certain constraints when forming and decoding the

bitstream. In a non-limiting example for purposes of illustration, video encoder 20 and
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video decoder 30 may code a nuiti-layer bitstream using MV-HEVC or SHVC. Video
encoder 2 and video decoder 30 may apply one or more consiraints when coding an
independent non-base layer to allow the non-base layer to be extracted and decoded
using an HEVC compliant decoder. For example, in order for the independent non-base
tayer to be successtully decoded by the HEVC compliant decoder, video encoder 20 and
video decoder 30 may use syntax for the independent non-base layer that conforms to
the HEVC. For example, video encoder 20 and video decoder 30 may code slice
headers and other syntax of the independent non-base layer to conform to the HEVC
standard. In this way, an HEVC compliant video decoder may decode the independent
non-base layer without modifying data of shice headers or performing other transcoding
operations.

(88731 In some instances, resetting a POC LSB value of a picture of the mdependent
non-base layer may cause an issue when attempting to identify a long-term reference
picture (LTRP) in an RPS. For example, as noted above, video encoder 20 may encode
(and video decoder 30 may decode) data representative of reference pictures to be
mechided in the reference picture list, e.g., by signaling data representative of POC
vatues for the reference pictures in a slice header and/or in a parameter set, such as a
FPPS or an SPS. In addition, prior to including the data representative of reference
pictures to be included 1n the reference picture hst, video encoder 20 and video decoder
30 may decrement the POC values of pictures that have been processed and stored to a
EPB previous {o the corrent picture associated with the POC reset.

160774) LTRPs may be idendified based on a POC LAB value of the respective LTRPs.
As noted above, video encoder 20 may typically adjust {e.g., decrement) the POC L3R
vahues of LTRPs upen performing POC value resetting to account for the POC value
reset. Accordingly, video encoder 20 may typically include the decremented POC LSB
values of the LTRPs in the shice headers {and/or in a PPS or 8PS). For LTRPs that are
negative in value {e.g., after a POC value reset), video encoder 20 or video decoder 30
may convert the negative POC LSB value to a positive POC LSB value using a
conversion algorithm.

18678} Some video decoders, however, may not be configured to decode syntax
associated with POC valoe resetting. In a pon-limiting example for purposes of
iflustration, an HEVC compliant video decoder may receive an independent non-base
layor that has been extracted from a multi-layer bustrean. The HEVC compliant video

decoder may not properly interpret POC value resetting syntax. In such instances, the
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HEVC comphant video decoder may not perform POC value resetting. For example,
the HEVC compliant video decoder may discard the POC vahie resetting information
and may not decrement the POC values of pictures stored to the DPB of the HEVC
compliant video decoder.

(68076} In the example described above, the HEVC compliant video decoder may not
properly identify LTRPs based on the POC LSB vahses of the LTRPs signaled in the
slice header, because the HEVC compliant video decoder may not be configured to
perform POC value resetting or to decrement POC values of pictures stored to the DPR.
That is, the HEVC compliant video decoder may receive POC values of ETRPs that
have been decremented by video encoder 20 in the slice headers of pictures (due to the
POC value reset). The POC values of the LTRPs signaled in the slice header, however,
may not properly align with the reference pictures in the DPB, because the HEVC
compliant video decoder has not decremented the POC valoes of the pictures of the
EPB. Accordingly, the HEVC compliant video decoder may not correctly identify the
L TRPs in the DPB base on the received POC values.

186771 In an example for purposes of iHhastration, video encoder 20 may encode a
picture of an independent non-base layer of a multi-layer bitstream using LTRPs having
POC LSB values of 10 and 20. Video encoder 20 may perform POC value resetting a
picture having a POC LSB value of 60, Accordingly, video encoder 20 may decrement
the POC values of the pictures stored to the DPB by 60 and signal the LTRPs asing the
decremented POC LSB vahues (2.g., -50 and -40).

18678} In instances in which & video decoder 1s configured 1o decode the bitstream
without performing POC vahie resetting (such as the HEVC complaint video decoder
noted above), however, the video decoder may not decrement the POC LSB values of
pictures stored to the DPB. For example, upon cxtracting the independent non-base
layor from the vmlti-layer bitstream, the video decoder may decode indications of LTRP
POC LS8 values of -50 and -40 from a slice header. The corresponding pictures stored
to the DPB, however, may still have the values of 10 and 20 because video decoder 30
has not pertformed POC value resciting.  Accordingly, the video decoder may not
properly identify the LTRPs in the DPB based on the signaled POC LS8 values.

{86791 According to aspects of this disclosure, video gncoder 20 and video decoder 30
may control the manner in which POC value resctting is performed. The techniques

may, in some instances, allow the POC values of LTRPs signaled in a slice header to
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maintain consistency with POC values of reference pictures stored to a DPB of video
decoder when decoding an independent non-base layer.

(8684} In an example, video encoder 20 and video decoder 3{ may code {encode or
decode) a picture of an independenily decedable layer of a moulti-layer bitstream. Video
encoder 20 and video decoder 30 may also code data indicating a POC value reset for a
POC L3B value of the picture only when the pictore has a POC LSB value for the
picture is cqual to zevo. In such instances, performing the POC value reset does not
require video encoder 20 or video decoder 30 to decrement POC values of pictures
stored to a DPB, because the POC LSB value is already equal 1o zero.

[8081] Returning to the example described above for purposes of llustration, if video
encoder 20 and video decoder 30 perform POC value resctting at a picture having a
POC LSB value of zero {e.g., rather than the POC LSB value of 60 noted above), video
encader 20 and video decoder 30 do not decrement the POC LSB vahues of pictures
stored to the DPB, because the difference between the POC LSB value and zero is zero.
Accordingly, the POC LB values of LTRPs signaled in a slice header are consistent
with POC L5B values of pictures stored to a DPB at video decoder 30,

{8682} In some examples, according to aspects of this disclosure, video encoder 20 and
video decoder 30 may apply constrainis so that POC value resetting is only performed
for pictures having a POC LSB value that is equal to zero. In an example, for an
mdependent non-base layer (layerA) to be able to be extracted and maintain
conformance with a particular standard {e¢.g., maintain conformance with a profile of
HEV) without changing the shee beader of a VCL NAL uunit of the pictures 1o layerA,
video encoder 20 and video decoder 30 may apply the following constraimts: (1) for
every shice segment header of the IDR pictures in layerA, a slice pic_order cent lsh
syntax clement shall not be present; and (2) cach picture in the layer shall not have a
long-term reference picture that precedes a POC resetting pictime that resets both MSB
and LB valucs of the POC value.

18083} In another exanple, video encoder 20 and video decoder 30 may apply the
following constrainds: (1) for every slice segment header of an DR picture in layerA,
the slice_pic_ovder_cnt_Isb syntax element shall not present; and (2) there shall be no
POC resetting picture that resets both MSE and LSB valaces of 8 POC value in layerA,
unless sach a POC resetting picture has POC LSB equal to 0 (before the resct).

(8084} In another example, video encoder 20 and video decoder 30 may apply the

following constraints: (1) for every shice segment headers of an DR picture in layera,
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the slice_pic_order_cnt Isb syntax element shall not present; (2) there shall be no POC
resetting picture that resets both MSB and LSB values of a POC value in layerA unless
such a POC resetting pictare is also an DR picture; and (3) there shall be no POC
resetting picture with a poc_reset_ide syntax clement that is equal fo 3 that indicates
resetting M5B and LSE values of a POC value in layerA unless the resctiing pictuers is
also an IDR picture.

18885 In still another cxample, video encoder 20 and video decoder 30 may condition
the presence of a base laver parameter set compatibility flagl 1 ] on a value of
poc_Isb not present flagf i |, as described 1n greater detail below. In still another
example, video encoder 20 may signal {(and video decoder 30 may decode) a flag for
cach independent non-base layer to indicate whether the layer maintains compatibility
with a particular standard {e.g., HEVC) after extraction.

[8086] The technigques of this disclosure also relate to maintaining POC value alignmoent
of pictures of a multi-layer access unit (¢.g., maintaining that all pictures of the access
unit bave the samae POC valae). For example, while POC value resciting is typically
performed for IDR pictures, in some instances in multi-layer coding, video encoder 20
and video decoder 30 may not reset the POC value of an IDR pictire. In an example for
purposes of illustration, an aceess unit may inchude a basce layer picture that is not an
IDR picture a non-base layer picture that is an IDR picture. While video encoder 20 and
video decoder 30 may typically perform POC value resetting for the IDR picture of the
non-base layer, in order to maintain POC valoe alignment in the aceess unit, video
encoder 20 may instead signal (and video decoder 30 may decode) the POC LSB value
of the base layer for the non-basce layer picture. For example, video encoder 20 may
inchude an indication of the POC LSB value of the base layer {which is not equal to
zero) in slice headers of the non-base layer pictore.

{8087} The exanple described above, however, may present a challenge when coding
an independent non-base layer. n a non-limiting example for purposes of illustration,
an HEVC compliant video decoder may reset a POC LSB vaiuc of an IDR picture to be
cqual to zero. In such an example, the HEVC compliand video decoder may not be
configured to decode an indication of the POC LSB value from the shice headers of
slices of the IDR picture, because the POC LSB value is zere. Hence, the HEVC
compliant video decoder may malfunction when a POC LSB value i signaled in slice
headers of an [DR picture, because the HEVC compliand video decoder may not be

configured to decode the POC L3R value from the slice headers of IDR pictures. The
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decoder may then skip ahead to the next IRAP picture in sequence, which may degrade
condinuity in 3 user experience.

{8688} The above-noted MY-HEVC and SHVC standards may indicate whether a sub-
bitstream is independently decodable using one or more syntax clerents, including a
poc_lsh not present flag. In some instances, a poc_Isb not present flag that is equal
to | may indicate that the layer associated with the poc Isb not present flag is
independently decodable, ¢.g., by an HEVC compliant video decoder. Conversely, a
poc_lsh not present flag that is equal to 0 may indicate that certain syntax such as
syntax included in slice headers may need to be modified for the layer to be
mdependently decoded.

(808G} In general, the poc_Ish not presend flag may indicate whether 1 POC LSB
value 1s ncluded n a shice header of an 1DR picture. According to SHVC and MV-
HEVC, the poc_Isb not present flag equal to one specifies that the POC LSE value is
not present in the slice headers of 1DR pictures. The poc lIsb pot present flag equalto
zero specifies that the POC LSB value may or may not be present in the slice headers of
IDR pictures. The poc_lsb_not present flag may allow for relatively easier extraction
and decoding of 8 non-base layer, because it provides an indication that a POC LSB
vakue may be inchluded in a shice header.

(88881 With respect to the above-noted MV-HEVC and SHVC standards, the only
explicit constraint on setting the poc_Isb not present flag equal to one {e.g., indicating
that the POC LSB value is not included in the slice header) is that the layer being coded
is an independent layer. Indicating that the POC LSB value is not included in the slice
header, however, may create an issue for pictures of an independent layer that do not
have a POC LSBE value of zero, as described in greater detail with respect to the
example of FIG. 5 below.

(8091} According to aspects of this disclosure, video encoder 20 and video decoder 30
may code data indicating a POC value reset for 2 POC LSB value of a picture only
when the picture has a POC LSB valuc for the picture is equal fo zere. For example,
video encoder 20 and video decoder 30 apply a constraint such that the valuc of
poc_Isb not present flag [ 1] shall not be equal to one (e.g., indicating that the POC
LSB value is not included in the shice header) unless the POC LSB valoe of an IDR
picture in the layer may be inferred o be egual to zero. The POC LSB value of an
independent non-base layer picture may be inforred o be equal to zere when the POC

LSB value of a base layer picture in the same access unit is an IDR picture, or when the
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POC L.SB value of the non-base laver picture is zevo valued {e.g., following 4 normal
progression of POC LSE vahues from 0 to 2 maximuom POC LSBE vahie).

18092} FIG. 2 is a block diagram illustrating an cxample of video encoder 20 that may
implement techniques for managing POC values according to the technigues of this
disclosure. In particular, video encoder 20 may be configured to manage POC values of
pictures of a muklti-layer bitstream according to techniques of this disclosure. As noted
above, video enceder 20 may be adapted to perform multiview and/or scalable video
coding. For example, video encoder 20 may be configured to encode a bitstream that
contorms 1o one ot more video coding standard extensions, such as SHVC or MV-
HEVC. However, while reference is made to specific coding standards, it should be
uvnderstood that the techuiques are not specific to any one coding standard, and may be
mplemented with future and/or not vet developed standards.

(86831 Video encoder 2{ may perform intra- and mnter-coding of video blocks within
video slices. Intra-coding relies on spatial prediction to reduce or remove spatial
redundancy in video within a given video fraroe or picture. Inter-coding relies on
temporal prediction to reduce or remove temporal redumdancy in video within adjacent
frames or pictures of a video sequence. Intra-mode (I mode) may refer to any of several
spatial based coding modes. Inter-modes, such as uni-directional prediction (P mode} or
bi-prediction {B mode), may refer to any of several temporal-based coding modes.
(8894} As shown in FIG. 2, video encoder 20 receives a current video block within a
video frame to be encoded. 1n the example of FIG. 2, video encoder 20 includes video
data memory 38, mode seloct unit 40, reforence picture memory 64, summer 50,
transtorm processing unit 52, quantization onit 54, and cotropy encoding unit 36, Mode
select unit 40, in tum, includes motion compensation unit 44, motion estimation unit 42,
intra-prediction unit 46, and partition unit 48. For video block reconstruction, video
encoder 20 also includes inverse quantization unit 58, fnverse fransform vnit 60, and
summer 62. A deblocking filter (not shown in FIG. 2) may also be included to filter
block boundaries to remove blockiness artifacts from reconstructed video. If desired,
the deblocking filter would typically filter the output of sununer 62, Additional filiers
(in loop or post loop) may also be used in addition to the deblocking filter. Such filters
are not shown for brevity, but if desired, may fikter the output of summer 50 (as an in-
toop filter).

[8095] During the encoding process, video encoder 20 receives g video frame or slice to

be coded. The frame or slice may be divided into multiple video blocks. Video data
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memory 38 may store the video data 1o be encoded by the components of video encoder
20. The video data stored in video data memory 38 may be obtained, for example, from
video source 18. Refercuce picture memory 64 may be referred to as a DPB that stores
reference video data for use in encoding video data by video encoder 20, e.g., in trdra-
ot inter-coding modes. Video data memory 38 and reference picture memory 64 may be
formed by any of a variety of memory devices, such as dynamic random access memory
{(DRAM), inchuding synchronous DRAM (SPRAM), magnetoresistive RAM (MRAM],
resistive RAM (RRAM), or other types of momory devices. Video data memory 38 and
reference picture memory 64 may be provided by the same memory device or separate
memory devices. In various exampies, video data memory 38 may be on-chip with
other conponents of video encoder 20, or off-chip relative to those components.

[68096] Motion estimation unit 42 and motion compensation onit 44 perform inter-
predictive coding of the received video block relative to one or more blocks in one or
more reference frames to provide teraporal prediction. Inira-prediction unit 46 may
altcrnatively perform jntra-predictive coding of the received video block relative to one
or more neighboring blocks in the same frame or slice as the block to be coded to
provide spatial prediction. Video encoder 20 may perform multiple coding passes, e.g.,
to select an appropriate coding mode for each block of video data.

(88871 Moreover, partition unit 48 may partition blocks of video data into sub-blocks,
based on evahuation of previous partitioning schemes in previous coding passes. For
example, partition unit 48 may initially partition a frame or slice into LCUs, and
partition each of the LCUs info sub-Cls based on rate-distortion analysis {(e.g., rate-
distortion optimization). Mode select umit 40 may further produce a quadtree data
structure indicative of partitioning of an LCU into sub-CUs. Leafnode CUs of the
quadiree may inclode one or more PUs and one or more TUs.

(8098} Mode select unit 40 may sclect one of the coding modes, intra or ey, ¢.g.,
based on ervor resulis, and provides the resulting intra- or inter-coded block to summer
50 to generate residual block data and to summer 62 to reconstruct the encoded block
for use as a reference frame. Mode sclect unit 40 also provides syntax clements, such as
motion vectors, intra-mode mdicators, partition information, and other such syntax
iformation, to entropy encoding unit 56.

(8099} Motion estimation unit 42 and motion compensation unit 44 may be highly
integrated, but are lustrated separately for conceptual purpeses. Motion estimation,

performed by motion estimation unit 42, is the process of generating motion vectors,
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which estimate motion for video blocks. A motion vector, for example, may indicate
the displacement of a PU of a video block within a current video frame or picture
refative to a predictive block within a reference picture {or other coded unit) relative to
the current block being encoded within the current slice (or other coded unit), A
predictive block is a block that s found to closely mateh the block to be encoded, in
terms of pirel difference, which may be determined by sum of absohute difference
(SAD), sum of square difference (SSD), or other difference metrics.

[§168] Motion estimation unit 42 calculates a motion vector for a PU of a video block
in an inter-coded shice by comparing the posttion of the PU to the position of 4
predictive block of a reference picture. The reference picture may be selected froma
first reference picture list (List 0} or a second reference picture Hst (List 1), cach of
which identify one or more reference pictures stored in reference picture memory 64.
Motion estimation unit 42 sends the calculated motion vector to entropy encoding unit
56 and motion compensation unit 44.

163161} Motion compensation, performed by motion compensation unit 44, may involve
fetching or generating the predictive block based on the motion vector determined by
motion estimation unit 42, Again, motion estimation unit 42 and motion compensation
ot 44 may be functionally integrated, in some examples. Upon receiving the motion
vector tor the PU of the current video block, motion compensation unit 44 may locate
the predictive block to which the motion vector points in one of the reference picture
fists. Summer 50 forms a residual video block by subtracting pixel values of the
predictive block from the pixel values of the current video block being encoded,
forming pixel difference values, as discussed below. In general, motion estimation unit
42 performs motion cstimation relative to luma components, and motion compensation
unit 44 uses motion vectors calculated based on the huma components for both chroma
components and luma components. Mode select unit 40 may also gencrate syntax
elements associated with the video blocks and the video shice for use by video decoder
30 in decoding the video blocks of the video slice.

18162}] Motion estimation unit 42 searches reference pictures stored in a DPB of
reference picture memory 64, Mode select unit 40 may determine which reference
pictures are t0 be used to encode a picture, slice of picture, and/or a sequence of
pictures. Video encoder 20 may encode picture order count (POC) values for reference

pictures used to encode the picture, shice, or sequence. Video encoder 20 may encode
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the POC values indicative of the reference pictures to be included in the reference
picture Hst in slice headers and/or parameter sets, such as PPSs and/or SPSs.

(8163} In this manuer, a video deceder, such as video decoder 30, may reproduce the
reference picture list by inchuding the reference pictures indicated in the shice header
and/or parameter set(s). Furthermore, after encoding a biock using a motion vector
produced by motion estimation onit 42, video encoder 20 may encode motion
information for the block, where the motion information may mclude data
representative of the motion vector, an identifier for the reforence picture list, and a
reference index that identifies a reference picture in the reference picture hist.

[8164] In some examples, video encoder 20 may calculate values for sub-integer pixel
positions of reference pictures stored n reference picture memory 64. For example,
video encoder 20 may interpolate values of one-quarter pixel positions, one-cighth pixel
positions, or other fractional pixel posttions of the reference picture. Therefore, motion
estimation unit 42 may perform a motion scarch relative to the full pixel positions and
fractional pixel posttions and output a motion vector with fractional pixel precision.
18183} Video encoder 20 may also form POC resetting periods and encode values for
POC resetting period identifiers for slices of pictures to assign the shices to respective
POC resetting periods. Video encoder 20 may assign slices to POC resetting periods
mdividually within each layer of video data. Moreover, video encoder 20 may
determine POC resetting types for the slices and encode values for indications of the
POC resetting types (e.2., two-bit values) for the shices.

18186] As discussed with respect to FIG. 1, video encoder 20 may be configured
according to restrictions established by an applicable video coding standard. For
example, video encoder 20 may ensure that the first picture in each POC resetting
period has a POC resetting type {e.2,, a poc_reset_ide) indicating that POC values are to
be fully or partially reset. In general, as described above, video encoder 20 may
determine a POC MSB value for a current picture based on the POC MSE vahie of the
picture coded prior to the current picture in cording order, or based on additional
information {e.g., POC MSB cycle) that is signaled in the slice header.

181871 According to aspects of this disclosure, video encoder 20 may encode data
mdicating a POC value reset for a POC LSB value of a picture of an independent non-
base layer only when the picture has a POC LSB value for the picture that is equal to
zero. For example, video encoder 20 may encode a poc_reset_ide syntax cloment.

Video encoder 20 may set a poc_reset_ide syntax element equal to O to specify that
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neither the MSBs nor the L3Bs of a POC value for the current picture are reset. Video
encoder 20 may set a poc_reset ide syntax element equal to 1 to specify that only the
MSBs of the POC value for the current picture may be reset. Video encoder 20 may set
a poc_reset_ide symdax element equal to 2 to specify that both the MSBs and the L5Bs
of the POC value for the current picture may be reset. Video encoder 20 may scta
poc_reset ide syntax element equal to 3 to specify that either only the MSBs or both the
MSBs and the LSBs of the POC value for the current picture may be resct and that
additional picture order count information may be signaled.

18188] Video encoder 20 may control the manner in which the poc_reset ide value is
set based on one or more constraints. For example, video encoder 20 may control the
manner it which the poc_reset_ide syntax element is set to ensure that the resulting
bitstream conforms to a particular standard. According to aspects of this disclosure,
video encoder 20 may set the poe_reset ide syntax element for a picture in an
independent non-base layer of a multi-layer bitstream in a way that aliows the
independent non-base layer to be independently decoded, ¢.g., without
changing/updating mformation contained in slice headers of coded slices of the
independent non-base layer.

(8189} For example, according to aspects of this disclosure, video encoder 20 may
encode the poc_reset_ide syntax element to be equal to 2 only when the picture being
coded has a POC LSB valoe equal to zero. That is, when a poc_Isb_not present flag
for a particular layer being coded is equal to 1 {c.g., indicating that the layer is an
independent non-base layer) and a slice_pic_order _cnt_lsh syntax clement indicating
the POC LS8 value of the picture is greater than zero, video encoder 20 may not set the
value of poc_reset ide to be equal to 2.

(8118} Wheo video encoder 20 encodes poc_reset_ide syniax ¢lement (o be equal to 3,
video encoder 20 may further encode a full_poc reset flag and a poc_Isb_val syntax
element. In MV-HEVC and SHVC, a full poc_reset flag equal to § specifies that both
the MSBs and the L5Bs of thePOC value for the current picture are reset when the
previous picture in decoding order in the same layer does not belong to the same POC
resetting period. A full_poc reset flag equal to 0 specifies that only the MSBs of the
POC value for the current picture are reset when the previous picture in decoding order
in the same layer does not belong to the same POC resctting period. In addition, the
poc_lsb_val syntax clement specifies a value that may be used to derive the picture

order count of the current picture.
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16111} According to aspects of this disclosure, video encoder 20 may control the
manner in which the poc_Isb val is encoded based on whether the layer being encoded
is an independent non-base layer. For example, when poe_Ish not present flag for the
layor being encoded is equal to 1 and full poc_reset flag is equal 1o 1, video encoder 20
may set the value of poc_lsb_val equal to zero. In this manmer, video encoder 20 may
ensare POC value resetting 1s only performed for pictures having a POC LSB value
equal to zero, which may allow reference pictures to be properly identified ina
reference picture sct, as described in greater detail below with respect to FIG. 4,

16112} Intra-prediction unit 46 may intra-predict a current block, 4s an aliernative to the
mter-prediction performed by motion estimation onit 42 and motion compensation unit
44, as described above. 1o particular, mtra-prediction voit 46 may determine an nira-
prediction mode to use to encode a current block. In some examples, intra-prediction
unit 46 may encode a current block using various intra-prediction modes, e.g., during
separate encoding passes, and intra-prediction unit 46 (or mode sclect unit 44, in some
cxamples) may select an appropriate intra-prediction mode to use from the tested
modes.

[6113] For example, intra-prediction unit 46 may calculate rate-distortion valoes osing a
rate-distortion analysis for the various tested intra-prediction modes, and select the
mira-prediction mode having the best rate-distortion characteristics among the teste
modes. Rate-distortion analysis generally determines an amount of distortion (or error)
between an encoded block and an original, unencoded block that was encoded to
produce the encoded block, as well as a bitrate (that is, a sumber of bits) used to
produce the encoded block. Tntra-prediction unit 46 may caleulate ratios from the
distortions and rates for the various encoded blocks to determine which intra-prediction
mode exhibits the best rate-distortion value for the block.

(8114} Afier sclecting an intra-prediction mode for a block, intra-prediction unit 46 may
provide information indicative of the selected intra-prediction mode for the block to
entropy encoding unit 56, Entropy encoding unit 56 may cucode the information
indicating the selected intra-prediction mode. Video encoder 20 may include in the
transmitted bitstream configuration data, which may include a plurality of intra-
prediction mode index tables and a plurality of modified intra-prediction mode tndex
tables (also referred to as codeword mapping tables}, definitions of encoding contexis

for various blocks, and indications of a most probable intra-prediction mode, an intra-



WO 2015/142921 PCT/US2015/021065

prediction mode index table, and a modified ntra-prediction mode index table to use for
cach of the contexts.

{8115} Video encoder 20 forms a residual video block by subtracting the prediction data
from mode select unit 40 from the original video block being coded. Summer 50
represents the component or components that perform this subtraction operation.
Transform processing unit 52 applics a transform, such as a discrete cosine transform
{(DCT) or a conceptually similar transform, to the residual block, producing a video
block comprising residual fransform coefficient values. Transform processing unit 52
may perform other transforms which are conceptually similar to DCT. Wavelet
transforms, integer transforms, sub-band transforms or other types of transforms could
also be used. In any case, transform processing unit 52 applics the transform to the
residual block, producing a block of residual transtorm coefficients. The transform may
convert the residual information from a pixel value domain o a transform domain, such
as a frequency domain.

163116} Transform processing unit 52 moay send the resulting transform coefficicnts to
guantization unit 54, Quantization unit 54 quantizes the transform coefficients to
further reduce bit rate. The qoantization process may reduce the bit depth associated
with some or all of the coefficients. The degree of quantization may be modified by
adjusting a quantization parameter. In some examples, quantization unit 54 may then
perform a scan of the matrix incloding the quantized transform coetficients.
Alternatively, entropy encoding unit 56 may perform the scan.

16117} Following quantization, entropy encoding unit 36 entropy codes the quantized
transform coefficients. For exanmple, entropy encoding unit 56 may perform context
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding
{CABAC), syntax-based context-adaptive binary arithmetic coding (SBAC), probability
interval partitiondng entropy {(PIPE) coding or another entropy coding techmique. fo the
case of context-based entropy coding, context may be based on neighboring blocks.
Following the eniropy coding by cniropy encoding unit 56, the encoded bitstrcam may
be transmitted to another device {e.g., video decoder 30) or archived for later
transmission or retrieval.

{8118} Inverse quantization onit 58 and inverse transform unit 60 apply inverse
quantization and inverse transformation, respectively, to reconstruet the residual block
in the pixel domain, e.g., for later use as a reference block. Motion compensation unit

44 may calculate a reference block by adding the residual block to a predictive block of
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one of the frames of reference picture memory 64. Motion compensation unit 44 may
also apply one or more mterpolation filters to the reconstracted residual block to
calculate sab-integer pixel values for use in motion estimation. Summer 62 adds the
reconstructed residual block to the motion compensated prediction block produced by
motion compensation unit 44 fo produce a reconstructed video block for storage in
reference picture memory 64. The reconstructed video block may be used by motion
estimation unit 42 and motion compensation unit 44 as a reference block to inter-code
block 1 a subsequent video frame.

18119} In this manner, video encoder 20 of FIG, 2 represents an example of a video
encoder configured to encode at least a portion of a picture of an independently
decodable layver of a multi-layer bitstream, and cucode data indicating & POC value reset
for a POC L3538 value of the picture only when the picture has a POC LSB value for the
pictare is equal to zero.

14128} FIG. 3 is a block diagram illustrating an example of video decoder 30 that may
implement techniques for managing POC values according to the technigues of this
disclosure. As noted above, video decoder 30 may be adapted to perform multiview
and/or scalable video coding. For example, video decoder 30 may be configured to
decode a bitstream that conforms o one or more video coding standard extensions, such
as ARV or MV-HEVC, However, while reference is made to specific coding
standards, it should be understood that the techniques are not specific to any one coding
standard, and may be implemented with future and/or not yet developed standards.
18121} In the cxample of FIG. 3, video decoder 30 includes video data memory 68, an
entropy decoding vnit 70, motion compensation unit 72, intra-prediction unit 74, inverse
gquantization unit 76, inverse transformation unit 78, reference picture momory 82 and
summer 80. Video decoder 30 may, in some examples, perform a decoding pass
generally reciprocal to the encoding pass described with respect to video encoder 20
(FIG. 2). Motion compensation unit 72 may generate prediction data based on motion
vectors received from entropy decoding vntt 70, while intra-prediction vnit 74 may
generate prediction data based on intra-prediction mode indicators received from
entropy decoding unit 70,

(6122} Video data memory 68 may store video data, such as an encoded video
bitsiream, to be decoded by the components of video decoder 30, The video data stored
in video data memory 68 may be obtained, for examaple, from computer-readable

medium, e.g., from a focal video source, such as a camera, via wired or wireless
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network communication of video data, or by accessing physical data storage media.
Video data memory 68 may form a coded picture buffer (CPB) that stores encoded
video data from an encoded video bitstream. Reference picture memory 82 may be
referred to as a DPB that stores reference video data for use in decoding video data by
video decoder 30, ¢.g., in intra- ot inter-coding modes. Video data memory 68 and
reference picture memory 82 may be formed by any of a variety of memory devices,
such as dynamic random access memory (DRAM), meluding synchronous DRAM
(SDRAM), magnetoresistive RAM {(MRAM), resistive RAM (RRAM], or other types of
memory devices. Video data memory 68 and reference picture memory 82 may be
provided by the same memory device or separate memory devices. In various examples,
video data memory 68 may be on-chip with other components of video decoder 30, or
off-chip relative 10 those components.

(8123} During the decoding process, video decoder 30 receives an encoded video
bitstream that represents video blocks of an encoded video slice and associated syntax
clements from video encoder 20, Entropy decoding unit 70 of video decoder 30 entropy
decodes the bitstream to generate quantized coetficients, motion vectors or intra-
prediction mode indicators, and other syntax elements. Entropy decoding unit 70
forwards the motion vectors to and other syntax elements to motion corapensation unit
72. Video decoder 30 may receive the syntax elements at the video slice level and/or
the video block level

184124} When the video slice is coded as an inira-ceded () slice, intra-prediction unit 74
may gencrate prediction data for a video block of the current video slice based on a
signaled intra-prediction mode and data from previously decoded blocks of the current
frame or picture. When the video frame s coded as an inter-coded {ie, B, P or GPR)
slice, motion compensation unit 72 produces predictive blocks for a video block of the
current video shice based on the motion vectors and other syntax elements received from
entropy decoding unit 70, The predictive blocks may be produced from one of the
reference pictures within one of the reference picture lists. Video decoder 30 may
counstruct the reference frame Hsts, List 0 (L0} and List 1 (1.1}, using defagh
construction technigues based on reference pictures stored in a DPB of reference picture
memory 82.

{8125} Morc particularly, video decoder 30 may decode a PPS indicating whether slices
of a picture cortesponding to the PPS include POC resetting information. Assuming the

shces include the POC resetting information, video decoder 30 may decode a shice
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segment header of a shice of the picture including the POC resctting information. The
POC resetting information may include a POC resetting period identifier and a POC
reseiting type.

(8126} The POC resetting period identifier may indicate a POC resetting period to
which the slice corresponds. The POC resetting type may indicate whether the POC
value of a picture including the slice is fully reset or that only the MSB of the POC
value are reset. Furthermore, the POC resetting type may indicate that no POC reset is
1o be performed or that additional information is signaled. If the POC resetting type
indicates that additional mformation s signaled, video decoder 30 may decode the
additional tnformation, which may indicate 8 POC LSB value and whether the POC
value is fully reset or only MSB are reset.

18127} According to aspects of this disclosure, video decoder 30 may be configured o
decode an independently decodable non-base layer of a molti-layer bitstream. For
example, according to aspecis of this disclosure, video decoder 30 may decode data
indicating a POC value reset for a POC LSB value of a picture only when the picture
has a POC LSB value for the picture that is equal to 7evo.

{8128} In some instances, video decoder 30 may be configured to decode a
poc_reset_ide symiax element. According to aspects of this disclosure, video decoder 30
may decode the poc_reset_ide syntax element based on one or more constraints. For
exarmple, video decoder 30 may decode a poc_reset ide syntax clement that conforms to
a particular standard. For example, according to aspects of this disclosure, video
decoder 30 may decode the poc_reset_ide syntax element te be equal to 2 only when
the picture being coded has a POC LSB value equal to zero. Thatis, when a
poc_Isb not present flag for a particular layer being coded s equal to 1 {e.g.,
indicating that the layer is an independent non-base layer) and a shice pic_order ont Ish
syntax clement indicating the POC LSB value of the picture 18 greater than 0, video
decoder 30 may not decode a value of poc_reset ide that is equal to 2,

18129} When videe decoder 30 decodes 8 poc_reset ide syntax clement that is equal to
3, video decoder 30 may further decode a full_poc_reset flag and 2 poc_Isb_val syntax
clement. According to aspects of this disclosure, when poc_Ish_not present flag for
the layer being decoded is equal to T and a full poc reset flag is equal to 1, video
decoder 30 may decode a value of poc_lIsb val that is equal to 0. In this manner, video
decoder 30 may ensure POC value resetting is only performed for pictures having a

POC LSB value equal to zero, which may allow reference pictures 1o be properly
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identified in a reference picture set, as described in greater detail below with respect to
FIG. 4.

(8138} Video decoder 30 may also decode POC values of reference pictures to be
included in a reference picture list, Video decoder 30 may decode these POC values in
the slice segment headers and/or from parameter sets, such as a PPS or an 8PS, Video
decoder 30 may then construct a reference picture list including the reference pictures
identified by the decoded POC values.

163131} After constructing the reference picture list for a slice, video decoder 30 may
decode blocks of the shice. Motion compensation unit 72 determines prediction
imformation for a video block of the current video slice by parsing the motion vectors
and other syntax clements, and uses the prediction information to produce the predictive
blocks for the current video block being decoded. For example, motion compensation
unit 72 uses some of the received syntax elements to determine a prediction mode {e.g.,
intra- or nter-prediction) used to code the video blocks of the video slice, an inter-
prediction shice type {¢.g., B slice, P slice, or GPB slice), motion vectors for each inter-
encoded video block of the slice, inter-prediction status for each inter-coded video block
of the shice, and other information o decode the video blocks in the current video shice.
Motion infermation for an mter-predicied block may mehuade a reference picture list
wdentifier and a reference index to identity a reference picture in the reference picture
Hist to use to predict the block,

14132} Motion compensation unit 72 may also perform interpolation based on
interpolation filters. Motion compensation unit 72 may use interpolation filters as used
by video encoder 20 during encoding of the video blocks to calculate interpolated values
for sub-integer pixels of reference blocks. In this case, motion compensation unit 72
may determine the interpolation filters used by video encoder 20 from the received
syntax clements and use the interpelation filters to produce predictive blocks.

18133} Inverse quantization unit 76 inverse quamtizes, 1.¢., de-quantizes, the quantized
transform coefficients provided i the bitstream and decoded by entropy decoding unit
70. The mverse quantization process may include use of a quantization pararseter QPy
calculated by video decoder 30 for each video block in the video shice to determine a
degree of quantization and, likewise, a degree of inverse quantization that should be

applied.
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18134} Inverse transform unit 78 applics an inverse transform, ¢.g., an inverse DCT, an
mverse integer transform, or a conceptually similar tnverse transform process, to the
transform cocfficients in order to produce residual blocks in the pixel domain.

(8135} Afier motion compensation urdt 72 generates the predictive block for the current
video block based on the motion vectors and other syntax elements, video decoder 30
forms a decoded video block by summing the residual blocks from inverse transform
unit 78 with the corresponding predictive blocks gencrated by motion compensation
unit 72. Sumumer 80 represents the component or components that perform this
sammation operation. [f desired, a deblocking filter may also be apphied to filter the
decoded blocks in order to remove blockiness artifacts. Other loop filters (either in the
coding leop or after the coding loop) may also be used to smooth pixel transitions, or
otherwise improve the video quality, The decoded video blocks in a given frame or
picture are then stored in reference pictare memory 82, which stores reference pictures
used for subsequent motion compensation. Reference picture memory 82 also stores
decoded video for later prescutation on a display device, such as display device 32 of
FIG. 1.

{8136} In this manner, vides decoder 30 of FIG. 3 represents an example of a video
decoder configured to decode at least a portion of a picture of an independently
decodable layer of a mult-layer bitstream, and decode data indicating a POC value reset
for a POC L3B value of the pictore only when the picture has a POC LSB value for the
picture is cqual to zero.

1631371 FIG. 4 is a conceptual diagram tustrating POC value resctting tor an
independent non-base layer of a multi-layer bitstream.  In the example of FIG 4, the
multi-layer bitstream includes a base layer (LAYER () 90 and independent non-base
fayor (LAYER 1) 92. In gencral, the top half of the example diagram set forth in FIG 4
illustrates the muulti-layer bitstream priot to exiraction, e.g., as encoded by a video
encoder such as video encoder 20 (indicated by the phrase “before extraction of layer
17}, The boitom half of the example diagram sct forth in FIG 4 dlustrates a sub-
bitstrear that contains non-base layer 92 affer exiraction from the nwilti-layer bitstream,
e.g., for decoding by a video decoder such as video decoder 30 (indicated by the phrase
“after extraction of layer 17).

{8138} Prior io extraction, video encoder 20 may encode base layer 90 and non-base
layor 92 using a particular video coding standard, e.g., MV-HEVC or SHVC, For

example, video encoder 20 may be configured to perform POC valoe resetting for IDR
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picture 94, Video encoder may signal POC value reset index {poc_reset_ide) that is
equal to 2. Prior to POC valoe resetting, pictare 94 has a POC MSB valuc of G and a
POC LSB value of 20. After POC value resciting, picture 94 bas a POC MSB value of
0 and a POC LS8 value of . In addition, in order to maintain cross-layer alignment of
POC values, video encoder 20 may perform POC value resetting of picture 96 included
i non-base layer 92, Accordingly, prior to POC valoe resetting, pictare 96 has a POC
MSB value of § and a POC LSB value of 20. After POC value resetting, picture 96 has
a POC MSB value of 0 and a2 POC LSB valuc of 0.

[6138] When performing POC value resetting, video encoder 20 may also decrement
the POC L5SB values of pictures stored to a2 DPB to account for the POC vahie resetting.
For exaraple, video encoder 20 may decrement the POC LSB value of each reference
picture stored to the DPB by 20 {e.g., the difference between the original POC LSB
value and the reset POC LB valoe). Accordingly, prior to POC value resetting,
reference picture 98 has 3 POC MSB value of § and a POC LSB valoe of 3. After POC
value resetting, reference picture 98 has a POC MSB value of ( and 2 POC L5B value
of -17. Likewise, prior to POC value resetting, reference picture 100 has a POC MSB
value of ¢ and a POC LSB value of 3. After POC value resetting, reference picture 100
has a POC MSB value of 0 and a POC LSB valuc of -17.

[8148] Video encoder 20 also encodes picture 102 of non-base layer 92 using inter-
prediction. For example, video encoder 20 identifics reference picture 100 as a LTRP
and includes reference picture 100 in an RPS for encoding picture 102 {e.g., a long-term
reference picture set {LT-RP8)). Video encoder 20 moay also signal the POC LSB value
of reference picture 100 in a slice header of a shice of picture 102 or in a parameter set
referred to by picture 102 to identify reference picture 100 as an LTRP. That is, video
encoder 2{ may signal the POC LSB value of reference picture 100 after performing
POC value resetting, such that the POC LSB value signaled is 15 {(after conversion of
the -17 to a positive number using a conversion algorithm).

18141} After extraction, as noted above, video decoder 30 may be configured to decode
non-basc layer 92 by conforming te a particular single layer standard, c.g., HEVC,
which is not necessarily the same as the multi-layer standard used 1o encode non-base
layer. Accordingly, video decoder 30 may use the syntax assoctated with the standard to
decode non-base layer 92 and discard or otherwise ignore other syntax. While reference

is made herein to video decoder 30 conforming to HEVC, and/or multi-layer exiensions
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of HEVC, 1t should be understood that the techmiques of this disclosure are not
necessarily limitted in this way and may be used with other standards.

(8142} To decode picture 102, video decoder 30 may be configured to perform inter-
prediction in a manner that is reciprocal to that performed by video encoder 20.
Accordingly, video decoder 30 may construct reference picture Hist that may inchude one
or more pictures from the LT-RPS. For example, video decoder 30 may decode a slice
header of a slice of picture 102 or a parameter st referred to by picture 102 to identify
one or more ong-term refercoce pictures including reference picture 100.

16143} As noted above, the POC LSB value of reference picture 100 may be signaled
the slice header of picture 102 as being cqual to 15 {e.g., corresponding to a POC LSB
value of -17 afier performing POC value resctting). However, video decoder 30 may
not be configured to perform POC value resetting. For example, when decoding picture
96, video decoder 30 may not decode the poc_reset_ide syntax element and may not
decrement the POC LSB values of pictures stored to the DPB. Accordingly, the POC
LS8 value of reference picture 100 is equal to 3. Reference picture 100, however, 18
identified in the shice header by a POC LSB value of 15, Hence, in the example of FIG.
4, videe decoder 30 may locate reference picture 100 in the DPB, because the POC LSB
value of reference picture 100 does not match the POC LSB value signaled 1o the slice
header.

[#144] Asillostrated by the exampie of FIG. 4, in order to extract an independent
enhancement layer (such as non-base layer 92} that is able o be decoded by an HEVC
decoder without changing slice header information, video decoder 30 may consider
whether LTRPs are used for prediction of pictures in the layer and whether pictures that
reset both POC LSB and POC MS3B are present in the layer. These two parameters may
be considered to determine whether it is possibic o oxtract the independent
enthancement layer from a multi-layer bitstream without having to change slice headers
of pictures in the layer,

184145} According to aspects of this disclosure, video encoder 20 and video decoder 30
may contrel the maoner in which POC value resetting is performed for independent
non-base layers. The techniques may, in some instances, allow the POC values of
LTRPs signaled in a sHee header to maintain consistency with POC values of reference
pictures stored to a DPB of video decoder. Tn an example, video encoder 20 and video
decoder 30 may code {encode or decode) a picture of an independently decodable layer

of a multi-layer bitstream.  Video encoder 20 and video decoder 30 may also code data
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ndicating 8 POC value reset for a POC LSB value of the picture only when the picture
has a POC LSB vahse for the picture is equal to zero. In such instances, performing the
POC vahue reset does not require video encoder 2{ or video decoder 30 to decrement
POC values of pictures stored to a DPB, because the POC L858 value is already equal to
zero,
[#146] Example syntax and semantics for managing POC value resetting, tn accordance
with various techunigues of this disclosure, are set forth below. The syntax and
semantics described are relative to e.g., that of MV-HEVC and SHVC noted above. Tn
the example description, syntax tables and semantics below, additions to MV-HEVC
and SHVC are represented using ifalics and deletions are represented using bracketed
text preceded by “removed” {e.g., [removed: “removed text”]). In goneral, stateraents
regarding “requirements” should be understood to form part of the text of the standard
or standard extension, and not a requirement for purposes of the techmiques of this
disclosure. In some instances, such “requirements” may inchude bitstream constraints
that may be determined to be applicable and then adbered to by, for example, a video
coder based on the determination).
{61471 In a first example, the following changes may be made to the semantics of the
syntax clement base layer parameter set_compatibility flag[ 1 | in video paratmer sct
{(VPS} video usability information (VUI):
base_layer parameter sel compatibility flagl i ] cqual to 1 specifics that the
following constraints apply to the layer with nub layer id equal to layer id in nubf i |
base layer paramecter_set compatibility flagl i | equal to 0 specifics that the following
constraints may or may not apply to the layer with nuh_laver id equal to
laver id in wub{ 1] When not present, the value of
base laver parameter set compatibility flag{ 1] is inferred to be equal to (.
Each coded shce segment NAL unit with mub_laver id value equal 1o
layer id in nuhi 1] referring to the VPS shall refer to a PPS with nub_layer id value
equal to 0.
Fach coded shice segment NAL unit with vuh_layer id value equal to
layer id in nuhi 1 ] referring to the VPS shall refer to a SPS with nuh_layer_id value
cqual to &,
~ The values of chroma format_ide, separate_colour planc flag,
pic_widih_in luroa samples, pic_height in luma samples, bit_depth luma_minusg,

and bit depth chroma minusE, respectively, of the active SPS for the layer with
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nuh_layer id equal to layer id in_ nuh 1] shall be the same as the values of
chroma format ide, separate coloor plane flag, pic width in luma samples,
pic_height in luma samples, bii depth hima minus8, and
bit_depth_chroma minus¥, respectively, of the vps_tep_format idx{ 1 {-th
rep_format( ) syntax structure in the active VPS,

— The value of poc_Ish not _present flugl i ] shall be equal 1o 1.

~ When an access unit that contains a picture picA with nuh_layer id equal {o
laver id in_nuh [i] veferving to the VPS also comtains a picture with nuh_layer id

lto O and slice_pic_orvder _cnt Ish greater than 0, the picture picA shall be a

pouy

equa
non-{DR picture.

When coded slice segment NAL wnit with nun_laver id value equal 1o

faver id in_nuhfi] veferving to the VPS that has non-zero value of either

num long ferm sps or num long tevm_pics, or both, and slice_pic-order _cni Isb is

not equal to §, poc_reset_ide shall not be egual to 2.

18148} In a sccond example, the name of the syntax element

base layer parameter set compatibility flagl 1] to base layer compatibility flagli].

In addition, the following changes may be made to the semantics of the syntax clement

basc_layer paramcter set compatibility flagl 1] in VPS VUI (indciated below as

base layer compatibility flagfi]):

base layer compatibility flagl i ] equal to | specifics that the following

constraints apply to the layer with nuh layer id equal to layer id in nuh[ 1],

base layer cormpatibility flag| 1 ] equal to 0 specifies that the following constraints may

or may not apply to the layer with noh_layer id equal to layer i1d in nuh{ 1] Waen not

present, the value of base {ayer compatibility flag{ i ] is inferred to be equal 10 0.

~ Each coded shice segment NAL unit with nuh_layer id value equal to
layer id in nuhi i ] referring to the VPS shall refer to a PPS with nub_layer id value
equal to 0.

~ FEach coded shice segment NAL unit with nuh_layer id value equal to
tayer id in nubi i | referring to the VPS shall refer to a SPS with nuh_layer id value
equal to O,

— The valoes of chroma format ide, separate_colowr _plane flag,
pic_widih in luma samples, pic_height in luma sampies, bit depth luma minus§,
and bit_depth _chroma_minusS, respectively, of the active SPS for the layer with

nuh_layer id equal to layer id in wnuhf 1 ] shall be the same as the values of
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chroma_format idc, separate_colour plane flag, pic_width_in luma_samples,

pic_height in huna samples, bit_depth hima minuss, and

bit_depth chroma minus, respectively, of the vps_rep format idx{ i }-th

rep_format{ ) syntax structure in the active VPSR,
- The value of poc_Isb_not_present flagl i [ shall be equal to {.
- For any picture picA that has nuh laver id equal to layer i in nubf i | and refers

to the VPS, the following applies:
When slice_pic_ovrder cnt_Ish is greater than 0, poc_reset_ide shall not be
equal to 2.
—  When full poc reset flag is equal to 1, poc_Ish val shall be equal 1o 0.

(81498} It should be understood that the syntax included herein is merely for purposes of
example. That is, while the example above is described with respect to that
base layer compatibility flag, video encdoer 20 and video decoder 30 may apply the
constraints described berein with respect (o another, different syntax element or in
another manner.
18188} In a third example, a constraint is added to the semantics of
poc_isb not present flagf 1 ] such that when there is at least one access wnit that
comtains a non-1DR picture with nuh_laver id equal to 0 and an 1DR picture with
nuh faver id equal to layer id in nubl 1], poc_Isb not present flagl i ] shall not be
equal to 1. A condition is added to the signaling of the syntax clement
base layer parameter sct compatibility flagl i | such that the syniax element is present
only when the value of poc_Isb_not present flag{ 1] is equal to 1. The value for
base layer parameter set compatibility flag[ 1 ] when it is not present is inferred to be
equal to 0.
(8151} In addition, the signaling of the syntax clement
basc layer paramecter set compatibility flag] 1 | with the above-noted change may be

modified as set forth in the table below:
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vps vall ) Descriptor
VUl )y

for{ 1= 1;1 <= MaxlaversMinusl; i++ )

i [poc_{sb_not_present flagl i ])

base laver parameter sei compatibility flag{i1] | u(l)

[6152] In the table above, a pec_lsb_not present flagl i 1equal to | specifics that the
slice pic_order cmt Isb syntax element is not present in the slice beaders of IDR
pictures with nub_laver id equal 1o fayer id . nuh[ 1 ] inthe CVS. In addition,

poc Isb not present flagf 1 ] equal to § specifies that slice pic_order cnt Isb syntax
clement may or may not be present in the slice headers of DR pictures with

nuh _layer id equal to layer id o nuhf i} in the CVS. When not present, the value of
poc_Isb not present flagf 1] is inferred to be equal to 0.

[6153] In addition, a base_laver parameter_sel_compatibility flagl 1] cqualto 1
specifies that the following coustraints apply to the layer with nuh layer id equal io
tayor id in ouh[i]. A basc layer parameter set corpatibility flagf 1] equalto 0
specifies that the following constraints may or may not apply 1o the layer with

nuh Jayer id equal to layer id in nuh{ 1] In general, the

base_layer parameter_set compatibility_flag| 1 | may indicate whether an
enhancement layer uses the parameter sets (e.g., PPS and SPS) of the base layer.
{8154} In a fourth example, according to aspects of this disclosure, video encoder 20
and video decoder 30 may be configured to implement a new flag for cach layer that
indicates whether an independent layer may be extracted and decoded by an HEVC
compliant decoder without having o update information in the shice headers of pictures
in the layer. The signaling associated with sach a flag may be as set forth in Table 1

below:
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Table 1

vps_ vui{ 3 Descriptor

Jor{i=1;1 <= MaxLayersMinusl; i++ )

slice_segment header_update not_reguived for extracti | uil)

on_fiagli]

[8155] In the example of Table 1 above,

slice segment header update pot required for extraction flagl i | equal to 1 specifies
that the slice scgment headers of pictures with nuh layer id equal to

faver id in _muhl 1 ] in each CVS referring to the VPS does not need to be updated when
the sub-bitstream extraction process is mvoked with the layer with noh_layer id equal
to layer id i muh{ 1 ] being the lowest layer in the input TargetDecLayeridList. In
addition, slice_segment header updaic not required for extraction flagf i} equalto 0
specifies that the shice headers of pictures with nuh_layer id equal to

tayer id in nuh[ 1 ] in the CVS may or may not need to be updated when the sub-
bitstream extraction process is invoked with the layer with nuh laver id equal to
faver id in nubl i ] being the lowest layer in the input TargetDeclLayerldiist. When not
present, shice segment header update not required for extraction flag[ 1 is inferred
to be equal to {0

(8156} FiG. 5 is another conceptual diagram illustrating POC value resetting for an
independent non-base layer of 2 oulti-laver bitstream.  In the exanple of FIG. &, the
multi-layer bitstream inchudes a base layer (LAYER 0) 110 and independent non-base
fayer (LAYER 1) 112, Base layer 110 includes IDR picture 114 and picture 116, Non-
base layer 112 includes picture 118 that is in the same access unit as picture 114 of base
faver 110 and TDR pictare 120 that is in the same access unit as pictare 116 of base layer
116

(81571 A video decoder, such as video decoder 30, may be configured to decode base
tayor 110 and non-base layer 112 using a particular video coding standard, e.g., MV-

HEVC or SHVC. Video decoder 30 may be contigured to perform POC value resctiing
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for picture 114 of base layer 110, because picture 114 s an IDR picture. Video decoder
may decode a POC value reset index (poc_reset ide) that is equal to 2 for picture 114,
In addition, in order to maintain cross-layer alignment of POC valuoes, video decoder 30
may alse perform POC value resetting of picture 118 included innon-base layer 112,
Accordingly, after POC value resetting, both pieture 114 of base layer 110 and picture
118 of non-base layer 112 have a POC L5B value equal to zero.

14158} The syntax clement poc Isb not present flagl i |, as included io MV-HEVC
and SHVC, allows POC LSB mformation to not be included in slice segment headers of
shices that belong to an IDR picture of an independent enhancement layer, such as non-
base layer 112. The syntax clement may aid in allowing non-base layer 112 to be
extracted from a nulti-layer bitstream and decoded by an HEVC deceder (e.g., rather
than a decoder configured for MV-HEVC or SHVC) without modifying shice segment
headers of the pictures in the layer and by only changing the nub layer id in the NAL
unit headers. For example, as currently set forth in the working drafis of MV-HEVC
and SHVC, the pec_Ish_not_present_flag equal to ove specifics that the POC LSB
value is not present in the slice headers of IDR pictures. The poc_Isb not present tlag
equal to zero specifies that the POC LSB valoe may or may not be present in the shice
headers of DR pictures.

{68159} The only explicit restriction on the poc_Isb_not present flagl 1 | included in the
above-noted MV-HEVC and SHVC standards is that the value of

poc ish not present flagf i | may be set to 1 for a non-base layer only when the layer is
independent {e.g., inter-layer prediction is not used to predict video data of the layer).
Indicating that the POC LSB value is not included in the shice header of an independent
non-base layer such as non-base layer 112, however, may create an issue for pictures
that do not have a POC LSB value of zero.

(8168} For example, as shown in the example of FIG. §, non-base layer 112 may be
associated with a poc_Ishb not present flagf 1 ] that is set equal to 1, such that a POC
LSB value may not be included in slice beaders of IDR pictures to maintain
conformance with an HEVC decoder. Picture 120 is an IDR picture for which POC
value resetting is performed {e.g., poc_reset_ide is equal to 1), Accordingly, the shce
headers of slices of picture 120 may not include an indication of the POC LSB value.
Video decoder 30 may infer (¢.g., automatically determine) that the POC LSB valuc of

picture 120 is equal 1o zero.
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16161} Inferring that the POC LSB value of picture 120 1s equal to 7ero, however, may
cause the molti-layer bitstream to be non-conformant to the HEVC standard, becaase
the POC L5B value of picture 116 of basc layer 110 (which is in the same access unit as
picture 120 of non-base layer 112) 18 not equal o zero. Rather, the POC LSB valuc of
picture 116 of base layer 110 1s 4. Accordingly, the access unit containing pictures 116
and 120 meludes pictures having different POC values, which is not permitted for
bitstream conformance,

18162} According to aspects of this disclosure, video encoder 20 and video decoder 30
may code data indicating a POC valae reset for a POC LSB value of a picture only
when the picture has a POC LSB value for the picture is equal to zero. For example,
video encoder 20 and video decoder 30 apply & coustraint such that the value of
poc_Ish not present flag [ 1] 18 not equal to one {¢.g., indicating that the POC LSB
value is not inchuded in the slice header) unless the POC LSB value of an IDR picture in
the layer may be inferred to be equal to zero. The POC LSB value of an independent
non-base layer picture may be inferred 1o be equal to zero when the POC LSE value of
the base layer picture of the same access unit is an IDR picture, or the POC LSB value
of the non-base Iayer pictare is zero valued {e.g., rolls over 1o be equal zero following a
normal progression of POC LSB values),

[8163] In the example of FIG. 5, according to aspects of this disclosure, video encoder
24 and video decoder 30 may not code a poc_Ish not_present flag [ 1] that is equalto |
for non-base layer 112, because the POC LSB valuc of pictare 120, which is an IDR
picture, canmot be inferred 1o be equal to zero. To the contrary, the POC LAB value of
pieture 120 18 4. A poc Ish not present flag that is equal to O may indicate that non-
base layer 112 is not able to be independently decoded, ¢.g., using an HEVC compliant
video decoder, without modifying one or more syntax elements such as syntax clements
inchuded in a slice header of picture 120.

68164} In this manner, according to aspects of this disclosure, the value of
poc_ish not present flagf i | may be constrained such that it shall not be equal to 1
when the mwulti-layer bitstream containg one o7 more access units that have a base layer
picture that is a non-1DR picture with a non-zero POC LSB valoe and an enhancement
layer picture (corresponding to the i-th layer in the VPS) that is an IDR picture. Inan
example, the following constraint be added as part of the semantics of
poc_lsb not present flagl i ] of MV-HEVC and SHVC (e.g., as a note to the scantic

of poc_lsb_not present flag] 1 1), where additions are represented using #afics:
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it is a requirement of bitstream conformance that, within all CVSs that refer to
the VPS, when there iy at least one access unit that containg a non-IDR piciure with
nuh laver id equal to § and slice_pic_order cni Ish greater than 0, and that containg
an TDR picture with nuk_laver id equal to laver id _in nuhf i},
poc_{sh not_present flagf i ] shall not be equal 1o 1.
{81651 In another example, the following constraint be added as part of the semantics of
poc lsh not present flagf i | of MV-HEVC and SHVC (e.g., as 3 note to the semantic
of poc_lsh_not _present_flag] 1 1), where additions arc represented using ifafics:

it is a reguivement of biistream conformance thar, within all the CVSs referring
to the VPS, when there is at least one access unit that containg a non-IDR picture with

¥

nuh laver id egual to 0 and an IDR picture with nuh _laver id equal to
faver id in_wnuhf i}, poc lsb noi present flagl i ] shall not be equal to 1.
[#166] In another example, the following constraint be added as part of the semantics of
poc ish not present flagf i | of MV-HEVC and SHVC (e.g., as 3 note to the semantic
of poc_lsh_not _present_flag] 1 1), where additions arc represented using ifafics:

it iz a reguivement of biistream conformance that, when
poc_isb not present flagl i ] i equal fo I, within afl CVEs that refer io the VES, when
an access unil contains an IDR picture with nuh layer id equal o laver id in_nubfi].
the value of slice_pic_order _cnit Ish have 1o be equal to 0 for all pictures in the access
unit unless poc_reset ide is equal to 2 for all pictures in the access unit,
18167} FIG. 6 1s 3 flowchart illustrating an example method for encoding video data of a
multi-fayer bitstream in accordance with the techniques of this disclosure. In addition,
the method of FIG. 6 includes encoding a carrent block. The current block may
comprise a current CU or a portion of the current CU. Although deseribed with respect
to video cncoder 20 (FIGS. 1 and 2}, it should be understood that other devices may be
configured to perform a method simpilar to that of FIG 6.
[8168] In this example, video encoder 20 may determine whether to reset a POC value
for the picture that includes the current block (130}, When POC valuc reseiting is
performed, video encoder 20 may determine a POC rosetting type and reset the POC
vatue of the pictore (132). According to aspects of this disclosure, video encoder 20
may only encode data indicating a POC value reset for 8 POC LSB value of the picture
when the picture has 8 POC LSB value for the picture is equal to zero.
(8169} For example, as described above with respect to FI1G. 2, video encoder 20 may

encode a poc_reset ide syntax clement. According to aspects of this disclosure, video
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encoder 20 may control the manner in which the poc_reset_ide value is encoded based
on one or more constrainds. For example, video encoder 20 may encode the
poc_reset ide syniax element (o be equal to 2 only when the picture being coded has a
POC LSB value equal to zero, That is, when a poc_lsh not_present flag for a
particular layer being coded is equal 1o 1 {e.g., indicating that the layer is an
mdependent non-base layer) and a slice_pic_order cnt Isb syntax clement indicating
the POC LSB value of the picture is greater than 0, video encoder 20 may not set the
vatue of poc_reset ide to be equal to 2.

181781 When video encoder 20 encodes the poc_reset ide syntax clement to be equal 1o
3, video encoder 20 may further encode a full poc_reset flag and a poc Isb val syntax
clement. According to aspects of this disclosure, when a poc_Ish_not_preserd flag
{which may indicate that the laver being encoded is an independent non-base layer) for
the layer being encoded is equal to | and full poc reset flag is equalto 1, video
encoder 20 may set the value of poc_lsb_val equal 1o . In this manner, video encoder
20 may ensure POC value resctting is only performed for pictures having a POC LSB
vatue equal to zero, which may allow reference pictures to be properly identified, as
described herein.

(8171} Video cucoder 20 may then form a reference picture bist (134). Video encoder
29 further signals POC values of the reference pictures included in the reference picture
list (136}, For example, video encoder 20 may encode POC values {or portions of the
POC values, ¢.g., POC LSB values) for the reference pictures in a parameter sot such as
an 3PS or PPS, and/or in a shice header for the slice. Some reference pictures {e.g.,
long-term reference pictures) may be signaled in the parameter set, whereas other
reference pictures {e.g., short-term reference pictires) may be signaled in the slice
header.

(8172} It should be understood that the steps of forming the reference picture list and
signaling which pictures are included in the reference picture hist may be performed
multipic times over several different cncoding passes, in order to determine the set of
reference pictures that yields the best rate-distortion characteristics for, ¢.g., blocks of
the current slice. That is, video encoder 20 may select the set of reference pictures
inchided in the reference picture list based on characteristics of all blocks in the current
slice, and not just based on the individual characteristics of a single block.

(8173} Video cucoder 20 may then predict the current block of the current shice (138}

For example, video encoder 20 may calculate one or more prediction units (PUs) for the
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current block. More particularly, motion estimation unit 42 may perform a motion
search for the carrent block among the reference pictures of the reference picture Hst to
identify a maiching block used as a reference block, e.g., based on SAD, SSD, MAD,
MSD, or other error calcnlation metrics. Motion estimation unit 42 may produce a
motion vector for the current block based on the motion search Video encoder 20 may
then encode motion information for the block {140}, which may inchide motion vector
difference values for the motion vector, a reference picture list identificr, and a reference
index, which together identify the reforence block.

16174} Video encoder 20 may then calculate a residual block for the current block, e.g.,
to produce a transform unit (TU) (142). To caleulate the residual block, video encoder
20 may calculate a ditfference between the original, uncoded block and the predicted
block for the current block, Video encoder 20 may then transform and quantize
coetticients of the residual block (144). Next, video encoder 20 may scan the quantized
transform coefficients of the residual block (146). During the scan, or following the
scan, video encoder 20 may entropy encode the coctficients (148). For examiple, video
encoder 20 may encode the coefficients using CAVLC or CABAC. Video encoder 20
may then cutput the entropy coded data of the block (150).

(8175 In this manoer, the method of FIG. 6 represents an example of a method
melading encoding, by a video encoder, at least a portion of a picture of an
mdependently decodable layer of a multi-layer bitstream, and encoding, by the video
coder, data indicating a picture order count {POC) vahue reset for a POC least significant
bits (L.SB} value of the picture enly when the picture has a POC LSB value for the
picture is equal to zero.

[8176] FIG. 7 1s a flowchart illostrating an example method for decoding video data of a
multi-layer biistream in accordance with the techniques of this disclosure. In addition,
the method of FIG 7 includes decoding a current block. The current block may
comprise 4 current CU or a portion of the current CUL Although described with respect
to video decoder 30 (FIGS. 1 and 3), it should be vnderstood that other devices may be
contigured to perform 2 moethod similar to that of FIG 7.

16177} In this example, video decoder 30 may determine whether to reset a POC value
for the picture that includes the current block (160). When POC vahie resetting is
performed, video decoder 30 may decode data that indicates the POC resetting {162}, In
some instances, video decoder 30 may decode data that indicates a POC resetting type.

According to aspects of this disclosure, video decoder 30 may only encode data



WO 2015/142921 PCT/US2015/021065

B
5]

ndicating 8 POC value reset for a POC LSB value of the picture when the picture has a
POC LSB value for the picture is equal to zero.

(8178} For example, as described above with respect to FIG. 3, video decoder 30 may
decode a poc_veset ide syontax clement. According to aspects of this disclosure, video
decoder 30 may receive and decode a poe_veset ide based on one or more constraints.
For example, video decoder 30 may decode a poc_reset ide syntax element having a
value of 2 only when the picture being coded has a POC LSEB vahiue equal to zero. That
is, when a poc_lsb not present flag for a particular layer being coded is equal to |
(e.g., indicating that the layer is an independent non-base layer) and a

slice pic_order cont lsb syntax element indicating the POC LSB value of the pictore s
greater than 0, video decoder 30 may not decode a value of poc_reset ide that is equal
to 2.

(81791 When video decoder 30 decodes a poc_reset ide syntax clement that is equal to
3, video decoder 30 may further decode a full_poc_reset flag and a poc Isb val syntax
clement. According to aspects of this disclosure, when a poc_Ish_not prosent flag
{which may mdicate that the layer being encoded is an independent non-base layer) for
the tayer being encoded s equal to T and Rl poc_reset flag is equal to 1, video
decoder 30 may decode a value of poc_lsb_val that 15 equal to 0. In this manner, video
decoder 30 may ensure POC value resetting is only performed for pictures having a
POC L3B value equal to zero, which may allow reference pictures to be properly
identified, as described herein.

181881 Video decoder 30 then resets the POC value of the picture and decodes POC
vatues of reference pictures (164}, e.g., from the slice segment header and/or a
parameter set such as a PPS or SPS. Video decoder 30 then forms the reference picture
Hst (166},

(8181} Next, video decoder 30 decodes motion information for a current block (168).
The motion mformation may inclhude, for example, a reference picture list identifier and
a reference index into the reference picture list. Video decoder 30 then predicts the
current block (170}, e.g., using inter-prediction mode to calculate a predicted block for
the current block. More particularly, video decoder 30 uses the reference picture list
identifier to identify which reference pictore list to use, and the reference index to
identify a reference index in the reference picture list. Video decoder 30 then decodes a
motion vecior for the current block and identifies a reference block in the identified

reference picture,
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18182} Video decoder 30 may also receive entropy coded data for the current block,
such as entropy coded data for coefficients of a residual block corresponding 1o the
current block (172). Video decoder 30 may entropy decode the entropy coded data to
reproduce coefficients of the residual block (174). Video decoder 30 may then tuverse
scan the reproduced coefficients (176), to create a block of quantized transform
coefficients. That is, using the inverse scan, video decoder 30 converts a one-
dimensional vector to 8 two-dimensional matrix. Video decoder 30 may then inverse
quantize and inverse transform the coefficients to produce a residual block (178). Video
decoder 30 may ultimately decode the current block by combining the predicted block
and the residual block (18{}).

{8183} In this manner, the method of FIG. 7 represents an example of a method
melading decoding, by a video decoder, at least a portion of a picture of an
mdependently decodable layer of a multi-layer bitstream, and decoding, by the video
decoder, data indicating a picture order count (POC) value reset for a POC least
significant bits (LSB) value of the picture only when the picture has a POC LSE value
for the picture is equal to zero.

[6184] It is to be recognized that depending on the example, certain acts or events of
any of the techniques described herein can be performed in g different sequence, may be
added, merged, or left out aliogether (e.g., not all described acts or events are necessary
for the practice of the techniques). Moreover, in certain examples, acts or events may
be performed concurrently, e.g., through nwlti-threaded processing, interrupt
processing, or multiple processers, rather than sequentiaily.

18183} In one or more examples, the functions described may be mmplemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over as ong or more instructions ot code
on a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corrgsponds to a tangible medium such as date storage media, or communication media
ncluding any medivm that facilitates transfer of a computer program from one place to
another, e.g., according to a communication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {2} a communication medivm such as a signal or
carricr wave. Data storage media meay be any available media that can be accessed by

ODE OF MOTS COMPULETS OF ONE OF WOKre Processors to retrieve mstructions, code and/or
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data structures for implementation of the techniques described in this disclosure. A
computer program product may inchide a computer-readable mediom.

(8186} By way of example, and not Hmitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, C-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medivm that
can be used to store desired program code in the form of mstractions or data structares
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if jnstructions are transmitted from g
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital sebscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included n the definition of
medinm. 1t should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transitory
media, but are instead directed to non-transitory, tangible storage media. Disk and disc,
as used hevein, includes compact dise (CD}, laser disc, optical disc, digital versatile disc
{(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

(#1871 Instroctions may be executed by one or more processors, such as one or more
digital signal processors {DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), ficld progranumable gate arrays (FPGAS), or other
equivalent integrated or diserete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing struchire or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described beremn may be previded within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the techniques could be fully implemented in one or more circuits or logic
clements,

16188} The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (JC) or a set of
iCs {e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices counfigured to perform the

disclosed techmiques, but do not necessarily require realization by different hardware
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units. Rather, as described above, various units may be combined in a codec hardware
wnit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
(818G} Various cxamples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED IS:
1. A method of coding video data, the method comprising:

coding at least g portion of a picture of an independentily decodable non-base
layer of a multi-layer bitsiream; and

coding data indicating a picture order count (POC) value reset for a POC least
significant bits (LSB) value of the picture only when the picture has a POC LSB value
for the picture is equal to zero.
2. The method of claim {, further comprising determining that the POC L3B value
of the picture is equal to zero based on a picture type of the picture, wherein the picture
type is one of an instantancous decoder refresh (DR picture, a broken Huk access

{BLA) picture, or a clean random access {CRA) picture.

3. The method of claim 1, wherein coding the data indicating the POC valuc reset

comprises coding one or more syrdax elements fndicating the POC value reset.

4. The method of claim 3, wherein coding the one or more syntax clements
comprises coding a POC value reset index and, when the picture has a POC LSB value
that 18 not equal to zero, coding the POC value reset index comprises coding a

poc_reset ide syntax clement that is a value other than 2.

5. The method of claim 3, wherein coding the one or more syntax clements
comprises coding a POC value reset index and, when the picture has 1 POC LSB value
that 13 equal to zero, coding the POC value reset index comprises coding a

poc_reset ide syniax element that is equal to 3.

6. The method of claim 5, further comprising coding a poc_lsb_val syntax element

of a slice header of the picture indicating that the POC LSB value is equal to zero.

7. The method of claim i, further comprising coding one or more syntax clements
mdicating that the independently decodable non-base layer s an independently

decodable layer.
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8. The method of claim {, wherein the multi-layer bitstream conforms to one of a
Mualti-view Video Coding extension to HEVC (MV-HEVC) video coding standard or a
Scalable Video Coding (SVC) extension to HEVC (SHV() video coding standard, and
wherein an independently decodable non-base layer conforms to the HEVC video

coding standard.

9. The method of claim 8, further comprising coding one or more other pictures of
the independently decodable non-base layer using the HEVC video coding standard and

without ahtering data of slice headers of the one or more other pictures.

14. The method of claim 8, wherein the multi-layer bitstream conforms to the SHVC
video coding standard, and wherein the independently decodable non-base layer has a

higher resohution than a base layer of the multi-layer bitstream.

1t The method of claim §, wherein the multi-layer bitstream conforms to the MV-
HEVC video coding standard, and wherein the independently decodable non-base layer

comprises a different view than a view of a base layer of the multi-layer bitstream.

12. The method of claim 1, wherein coding comprises encoding, and wherein
encoding the at least a portion of the picture comprises:

generating residual data for the at least a portion indicating a difference between
predictive data and the portion;

applying a transform to the residual data the generate transform coefficients; and

generating a bitstream that inclodes an indication of the transform cocefficients.

13, The method of claim 1, wherein coding comprises decoding, and wherein
decoding the at least a portion of the picture comprises:

obtaining transform cocfficients for the at least a portion from an encoded
bitstream;

applying an mverse transform to the transform coefficients to generate residual
data; and

determining the at least a portion of the picture based on the generated regidual

data.
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14. A device for coding video data, the device comprising:
a memory configured to store an independently decodable layer of video data of
a multi-layer bitstream; and
a video coder contigured to:
code at least a portion of a pictare of the independently decodable non-
base layer of the multi-layer bitstream; and
code data indicating a picture order count {POC) vahue reset for a POC
lcast significant bits {L.SB) value of the picture only when the picture has a POC

LS1 value for the picture is equal to zero.

15. The device of claim 14, wherein the video coder is further configured to
determine that the POC LSB value of the picture is equal to zevo based on a picture type
of the picture, wherein the picture type is ong of an instantaneous decoder refresh (IDR)

picture, a broken link access (BLA) picture, or 8 clean random access (CRA) picture.

16. The device of claim 14, wherein to code the data indicating the POC value reset,
the video coder is configured to code one or more syntax clements indicating the POC

value reset.

17. The device of claim 16, whergin to code the one or more syntax clements, the
video coder is configured to code a POC value reset index and, when the picture has 8
POC L.SB value that is not equal to zero, the video coder is configured to codo a

poc_reset ide syntax element for the POC valae reset index that is a value other than 2.

18, The device of claim 16, wherein to code the one or more syntax clements, the
video coder is configured to code a POC value reset index and, when the picture has a
POC LSB value that is equal to zero, the video coder is configured to code a

poc_reset ide syntax element for the POC value reset index that is oqual to 3.

19, The device of claim 16, wheremn the video coder s further configuredto code a
poc_Isb val syntax element of a slice header of the picture indicating that the POC LSB

vafue is cqual to zero.
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28. The device of claim 14, wherein the video coder 15 further configured to code
one or more syntax elements indicating that the independently decodable non-base layer

is an independently decodable layer.

2%, The device of claim 14, wherein the multi-layer bitstream conforms to one of a
Mukti-view Video Coding extension to HEVC (MV-HEVC) video coding standard or a
Scalable Video Coding (SV() extension to HEVC (SHVC) video coding standard, and
wherein an independently decodable non-base layer conforms to the HEVC video

coding standard.

22, The device of claim 21, wherein the video coder is further configured to code
one or more other pictures of the independently decodable non-base layer using the
HEVC video coding standard and without altering data of slice headers of the one or

morg other pictures.

23, The device of claim 21, wherein the multi-layer bitstream conforms to the
SHVC video coding standard, and wherein the independently decodable non-base layer

has a higher resolution than a base layer of the mwlti-layer bitstream,

24. The device of claim 21, wherein the multi-layer bitstream conforms to the MV-
HEVC video coding standard, and wherein the independently decodable nou-base layer

comprises a different view than a view of a base layer of the multi-layer bitstream.

28. The device of claim 14, wherein the video coder comprises a video encoder, and
wherein the video encoder is further configured to:

calculate residual data for the at least a porfion indicating a differcuce between
predictive data and the portion;

apply a transform to the residual data the generate transform coefficients; and

generate a bitstream that includes an indication of the transform coefficients.

26. The device of claim 14, wherein the video coder comprises a video decoder, and
wherein the video decoder is further configured to:
obtain transform cocfficients for the at least a portion from an encoded

bitstreanmy;
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apply an inverse transform to the transtorm coefficients to generate vesidual
data; and

determine the at least a portion of the picture based on the generated residual

data.

27. The device of claim 14, wherein the device comprises at least one of!
an integrated circuit;
4 THCTOPToCessor; of
a wirgless compumication device.

28, A device for coding video data, the device comprising:

means for coding at least a portion of a picture of an ndependently decodable
non-base layer of a molti-layer bitstream; and

means for coding data indicating a picture order count (POC) valuc reset for a
POC least significant bits (LSB) value of the picture only when the picture has a POC

LS8 value for the picture 1 equal to zero.

29, A non-transitory computer-readable storage medium baving stored thereon
mstructions that, when executed, cause a processor of a device for coding video data to:
code at least a portion of a pictore of an independently decodable non-base layer
of a nelti-layer bitstream; and
code data indicating a picture order count (POC) value reset for a POC least
significant bits (L3B) value of the picture only when the picture has a POC LSB value

for the picture is equal to zero.
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