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LONG-TERM REFERENCE PICTURE SIGNALING IN VIDEQ CODING

{0001} This application claims the benetit of U.S. Provisional Patent Application No.
61/706,510, filed September 27, 2012, and U.S. Provisional Patent A pplication No,
61/708,442, filed October 1, 2012,

TECHNICAL FIELD
[0002] This disclosure relates to video coding (i.e., encoding and/or decoding of video

data).

BACKGROUND

[0003] Digital video capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadcast systems, wireless broadcast
systemns, personal digital assistants (PDAs), laptop or desktop computers, tablet
computers, ¢-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 streaming
devices, and the like. Digital video devices implement video compression techniqgues,
such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263,
ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), the High Efficiency
Video Coding (HEVC) standard, and extensions of such standards. The video devices
may transmit, receive, encode, decode, and/or store digital video information more
efficiently by implementing such video compression techniques.

[6004] Video compression techniques perform spatial (intra-picture) prediction and/or
temporal (inter-picture) prediction to reduce or remove redundancy inherent in video
soquences. For block-based video coding, a video slice (i.e., a video frame or a portion
of a video frame) may be partitioned into video blocks. Video blocks in an intra-coded
(D) slice of a picture are encoded using spatial prediction with respect to reference
samples in neighboring blocks in the same picture, Video blacks in an inter-coded (P or
B) slice of a picture may use spatial prediction with respect to reference samples in

neighboring blocks in the same picture or temporal prediction with respect to reference
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samples in other reference pictures. Pictures may be referred to as frames, and
reference pictures may be reforred 1o as referonce frames.

16005] Spatial or temporal prediction results in a predictive block for a block to be
coded. Residual data represents pixel differences between the original biock to be
coded and the predictive block. An inter-coded block is encoded according to a motion
vector that points to a block of reference sarples forming the predictive block, and the
residual data indicates the difference between the coded block and the predictive block.
An intra-coded block s encoded according to an intra-coding mode and the residual
data. For further coropression, the residual data may be transformed from the pixel
domain to a transform domain, resulting in residual cocfficients, which then may be
quantized. The quantized coefficients, initially arranged in a two-dimensional array,
may be scanned in order to prodoce a one-dimensional vector of coefficients, and

entropy coding may be applied fo achieve even more compression.

SUMMARY
16006] v geoeral, this disclosure deseribes sigunaling of long-termo reference pictares
(L TRPs) in video coding. A video encoder signals, in a slice header for a current slice
of a current picture, a first LTRP entry. The first LTRP entry indicates that a particular
reference picture 18 an LTRP of the current picture. Furthermore, the video encoder
signals, in the slice beader, a second LTRP entry only if the second LTRP eotry does
not indicate that the particular reference picture is a long-term reference picture of the
current pichwre. Similarly, a video decoder may decode the shiee header and may
generate, based at least in part on one or more LTRP eniries signaled in the shice
headers, a reference picture list for the current picture. The video decoder may
reconstruct, hased at least in part on one or more reference pictures in the reference
picture st for the current picture, the current picturs.
{BGO7] In one example, this disclosure describes a method of decoding video data, the
method comprising: obtaining, from g bitstream, 2 slice header of 2 current slice of &
current pichiure, wherein a set of one or more LTRP entries are signaled in the slice
header, wherein the set of ong or more LTRP entries mnchudes a first UTRP entry
indicating that a particular reference picture s in a long-term reference picture set of the
current picture, and wherain the set of one or more LTRP entries includes a second

LTRP entry only if the second LTRP entry does not indicate that the particular reference
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picture is in the long-term reference picture set of the current picture; generating, based
at least in part on the one or more LTRP entries, a reference picture list for the current
picture; and reconstructing, based at least in part on one of more reference pictures in
the reference picture list for the current picture, the current picture.

[BOOK] In another exarple, this disclosure describes a video decoding device
COMprising one or more processors configured to: obtain, from a bitstream, a shce
header of a current slice of a current picture, wherein a st of one or more L'TRP entries
are sigoaled in the slice header, wherein the set of one or more LTRP entries includes a
first LTRP entry indicating that a particular reference piciure is in a long-term refercoce
picture set of the current picture, and wherein the sct of one or more LTRY entries
includes a second LTRP entry only if the second LTRP entry does not indicate that the
particular reference picture is in the long-term reference picture set of the current
picture; generate, based at least in part on the one or more LTRP entries, a reference
picture fist for the current picture; and reconstruct, based gt least in part on one or more
reference pictures in the reference picture list for the current picture, the current picture.
16005 v another example, this disclosure describes a video decoding device
comprising: means for obtaining, from a bitstream, g slice header of a current slice of a
current picture, wherein a set of one or more LTRP entrics are signaled in the slice
header, wherein the set of one or more LTRP entrics inclades s first LTRP entry
indicating that a particular refercnce picture is in a long-term reforence picture set of the
current picture, and wherein the set of one or more LTRP entries includes a second
LTRP entry only if the second LTRP entry does not indicate that the particular reference
picture is in the long-term reference picture set of the current picture; means for
generating, based at least in part on the one or more LTRP entries, a reference picture
fist for the current picture; and means for reconstructing, based at least in part on ong or
more reforence pictores in the reforence picture hist for the current picture, the curront
picture,

18010] In another exaraple, this disclosure describes a computer-readable storage
medium having instructions stored thereon that, when executed by a video decoding
device, configure the video decoding device to: obtain, from a biistream, a shice header
of a current slice of a current picture, wherein 4 set of one or more LTRP centries are
signaled in the slice header, wherein the set of one or more LTRP entries includes a first

LTRP entry indicating that & particular reference picture 1s in a long-term reference
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inchudes a second LTRP entry only if the second LTRP entry does not indicate that the
particular reference picture 1s in the long-term reference picture set of the current
picture; generate, based at least in part on the one or more LTRP entries, a reference
pictare list for the current picture; and reconstruct, based at least in part on one or more
reforence pictures in the reference picture list for the current picture, the current picture.
{0611} In another exarmpie, this disclosure describes a method of encoding video data,
the method comprising: signaling, in a slice header for a current slice of a carrent
picture, a first LTRP entry, the first LTRP entry indicating that a particular reference
picture is in 3 long-term reference picture set of the current picture; and signaling, in the
slice header, a second LTRP entry only if the second LTRP entry does not indicate that
the particular reference pictare is in the long-term reference pictare set of the current
picture.

j0012] In another exarple, this disclosure describes a video encoding device
comprising one or more processors configared to: signal, in a shee header for a current
slice of a current picture, a fivst LTRP entry, the first LTRP entry indicating that a
particular reference picture is in a long-term reference picture set of the current picture;
and signal, in the slice header, a second LTRP entry only if the second LTRP entry does
not indicate that the particular reference picture 1s fu the fong-term reference picture set
of the current picture.

18013] In another exaraple, this disclosure describes a video encoding device
comprising: mcans for signaling, in a slice header for a current shice of a current picture,
a fivgt LTRP entry, the first LTRY entry indicating that & particular reference pictare is
in a long-term reference picture set of the current picture; and means for signaling, in
the slice header, a second LTRP eniry only if the second LTRP entry does not indicate
that the particular reforence picture 15 in the fong-torm reforence picture sct of the
current picture,

[8014] A computer-readable storage medinm having instructions stored thereon that,
when executed by a video encoding device, configure the video encoding device to:
signal, in a slice header for a current slice of a carrent picture, a first LTRP eniry, the
first L'TRP entry indicating that a particular veference picture is in a long-term reference

picture set of the current picture; and signal, in the slice header, a second LTRP entry
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only if the second LTRP entry does not indicate that the particular reference picture is in the

long-term reference picture set of the current picture.

[0014a] According to one aspect of the present invention, there is provided a method of
decoding video data, the method comprising: obtaining, from a bitstream that includes
encoded video data, a sequence parameter set (SPS) that is applicable to a current picture of
the video data, wherein: a set of reference pictures for the current picture consists of the
following reference picture subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter,
RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in RefPicSetLtCurr
and RefPicSetLtFoll being long term reference pictures (LTRPs), and the SPS includes a first
set of one or more LTRP entries that refer to one or more reference pictures, obtaining, from
the bitstream, a slice header of a current slice of the current picture, wherein: the slice header
signals one or more LTRP entries that are in the first set of LTRP entries by including one or
more indexes that identify LTRP entries in the SPS, the slice header explicitly signals a
second set of one or more LTRP entries by including the second set of one or more LTRP
entries in the slice header, each respective LTRP entry of the first and second sets of LTRP
entries is a tuple consisting of a first syntax element and a second syntax element, the first
syntax element indicating least significant bits of a Picture Order Count (POC) value of a
respective LTRP of the LTRPs, the second syntax element indicating whether the respective
LTRP is used for reference by the current picture, and the slice header is in compliance with a
restriction that prohibits the slice header from signaling two LTRP entries referring to the
same reference picture; storing one or more of the reference pictures in a decoded picture
buffer, the one or more reference pictures comprising video blocks; and performing, based on
the video blocks of the one or more reference pictures stored in the decoded picture buffer,

prediction of the video data.

[0014b] According to another aspect of the present invention, there is provided a video
decoding device comprising: a decoded picture buffer; and one or more processors
configured to: obtain, from a bitstream, a sequence parameter set (SPS) that is applicable to a
current picture of video data, wherein: a set of reference pictures for the current picture

consists of the following reference picture subsets: RefPicSetStCurrBefore,
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RefPicSetStCurrAfter, RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference
pictures in RefPicSetLtCurr and RefPicSetLtFoll being long term reference pictures (LTRPs),
and the SPS includes a first set of one or more LTRP entries that refer to one or more
reference pictures, obtain, from the bitstream, a slice header of a current slice of the current
piéture, wherein: the slice header signals one or more LTRP entries that are in the first set of
LTRP entries by including one or more indexes that identify LTRP entries in the SPS, the
slice header explicitly signals a second set of one or more LTRP entries by including the
second set of one or more LTRP entries in the slice header, each respective LTRP entry of the
first and second sets of LTRP entries is a tuple consisting of a first syntax element and a
second syntax element, the first syntax element indicating least significant bits of a Picture
Order Count (POC) value of a respective LTRP of the LTRPs, the second syntax element
indicating whether the respective LTRP is used for reference by the current picture, and the
slice header is in compliance with a restriction that prohibits the slice header from signaling
two LTRP entries referring to the same reference picture; store one or more of the reference
pictures in the decoded picture buffer, the one or more reference pictures comprising video
blocks; and perform, based on the video blocks of the one or more references pictures stored

in the decoded picture buffer, prediction of the video data.

[0014c] According to still another aspect of the present invention, there is provided a
video decoding device comprising: means for obtaining, from a bitstream, a sequence
parameter set (SPS) that is applicable to a current picture of video data, wherein: a set of
reference pictures for the current picture consists of the following reference picture subsets:
RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFoll, RefPicSetLtCurr and
RefPicSetLtFoll, reference pictures in RefPicSetLtCurr and RefPicSetLtFoll being long term
reference pictures (LTRPs), and the SPS includes a first set of one or more LTRP entries that
refer to one or more reference pictures, means for obtaining, from the bitstream, a slice header
of a current slice of the current picture, wherein: the slice header signals one or more LTRP
entries that are in the first set of LTRP entries by including one or more indexes that identify
LTRP entries in the SPS, the slice header explicitly signals a second set of one or more LTRP

entries by including the second set of one or more LTRP entries in the slice header, each
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respective LTRP entry of the first and second sets of LTRP entries is a tuple consisting of a
first syntax element and a second syntax element, the first syntax element indicating least
significant bits of a Picture Order Count (POC) value of a respective LTRP of the LTRPs, the
second syntax element indicating whether the respective LTRP is used for reference by the
current picture, and the slice header is in compliance with a restriction that prohibits the slice
header from signaling two LTRP entries referring to the same reference picture; means for
storing one or more of the reference pictures in a decoded picture buffer, the one or more
reference pictures comprising video blocks; and means for performing, based on the video
blocks of the one or more reference pictures stored in the decoded picture buffer, prediction of

the video data.

[0014d] According to yet another aspect of the present invention, there is provided a
non-transitory computer-readable storage medium having instructions stored thereon that,
when executed by a video decoding device, configure the video decoding device to: obtain,
from a bitstream, a sequence parameter set (SPS) that is applicable to a current picture,
wherein: a set of reference pictures for the current picture consists of the following reference
picture subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFoll,
RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in RefPicSetLtCurr and
RefPicSetLtFoll being long term reference pictures (LTRPs), and the SPS includes a first set
of one or more LTRP entries that refer to one or more reference pictures, obtain, from the
bitstream, a slice header of a current slice of the current picture, wherein: the slice header
signals one or more LTRP entries by including one or more indexes that identify LTRP entries
in the SPS, the slice header explicitly signals a second set of one or more LTRP entries by
including the second set of one or more LTRP entries in the slice header, each respective
LTRP entry of the first and second sets of LTRP entries is a tuple consisting of a first syntax
element and a second syntax element, the first syntax element indicating least significant bits
of a Picture Order Count (POC) value of a respective LTRP of the LTRPs, the second syntax
element indicating whether the respective LTRP is used for reference by the current picture,
and the slice header is in compliance with a restriction that prohibits the slice header from

signaling two LTRP entries referring to the same reference picture; store one or more of the
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reference pictures in a decoded picture buffer, the one or more reference pictures comprising
video blocks; and perform, based on the video blocks of the one or more reference pictures

stored in the decoded picture buffer, prediction of the video data.

[0014e] According to a further aspect of the present invention, there is provided a
method of encoding video data, the method comprising: encoding video data, wherein: a set of
reference pictures for a current picture of the video data consists of the following reference
pictures subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFoll,
RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in RefPicSetLtCurr and
RefPicSetLtFoll being long term reference pictures (LTRPs), encoding the video data
comprises: including, in a bitstream, a sequence parameter set (SPS) that is applicable to the
current picture; including, in the bitstream, a slice header of a current slice of the current
picture, the SPS includes a first set of one or more LTRP entries that refer to one or more
reference pictures, the slice header signals one or more LTRP entries that are in the first set of
LTRP entries by including one or more indexes that identify LTRP entries in the SPS, the
slice header explicitly signals a second set of one or more LTRP entries by including the
second set of one or more LTRP entries in the slice header, each respective LTRP entry of the
first and second sets of LTRP entries is a tuple consisting of a first syntax element and a
second syntax element, the first syntax element indicating least significant bits of a Picture
Order Count (POC) value of a respective LTRP of the LTRPs, the second syntax element
indicating whether the respective LTRP is used for reference by the current picture, and the
slice header is in compliance with a restriction that prohibits the slice header from signaling
two LTRP entries referring to the same reference picture; and outputting the encoded video

data.

[0014f] According to yet a further aspect of the present invention, there is provided a
video encoding device comprising: one or more processors configured to: encode video data,
wherein: a set of reference pictures for a current picture of the video data consists of the
following reference picture subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfier,
RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in RefPicSetLtCurr
and RefPicSetLtFoll being long term reference pictures (LTRPs), as part of encoding the

CA 2884446 2018-08-09



81786376
5d

video data, the one or more processors: include, in a bitstream, a sequence parameter set that
is épplicable to the current picture; include, in the bitstream, a slice header of a current slice of
the current picture, the SPS includes a first set of one or more LTRP entries that refer to one
or more reference pictures, the slice header signals one or more LTRP entries that are in the
first set of LTRP entries by including one or more indexes that identify LTRP entries in the
SPS, the slice header explicitly signals a second set of one or more LTRP entries by including
the second set of one or more LTRP entries in the slice header, each respective LTRP entry of
the first and second sets of entries is a tuple consisting of a first syntax element and a second
syntax clement, the first syntax element indicating least significant bits of a Picture Order
Count (POC) value of a respective LTRP of the LTRPs, the second syntax element indicating
whether the respective LTRP is used for reference by the current picture, and the slice header
is in compliance with a restriction that prohibits the slice header from signaling two LTRP

entries referring to the same reference picture; and an output interface configured to output the

- encoded video data.

[0014g] According to still a further aspect of the present invention, there is provided a
video encoding device comprising: means for encoding video data, wherein: a set of reference
pictures for a current picture of the video data consists of the following reference pictures
subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFoll, RefPicSetLtCurr
and RefPicSetLtFoll, reference pictures in RefPicSetLtCurr and RefPicSetLtFoll being long

term reference pictures (LTRPs), the means for encoding the video data comprises:

means for including, in a bitstream, a sequence parameter set (SPS) that is applicable to the
current picture; means for including, in the bitstream, a slice header of a current slice of the
current picture, the SPS includes a first set of one or more LTRP entries that refer to one or
more reference pictures, the slice header signals one or more LTRP entries that are in the first

set of LTRP entries by including one or more indexes that identify LTRP entries in the SPS,

the slice header explicitly signals a second set of one or more entries by including the second
set of one or more LTRP entries in the slice header, each respective LTRP entry of the first

and second sets of LTRP entries is a tuple consisting of a first syntax element and a second
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syntax element, the first syntax element indicating least significant bits of a Picture Order
Count (POC) value of a respective LTRP of the LTRPs, the second syntax element indicating
whether the respective LTRP is used for reference by the current picture, and the slice header
is in compliance with a restriction that prohibits the slice header from signaling two LTRP
entries referring to the same reference picture; and means for outputting the encoded video

data.

[0014h] According to another aspect of the present invention, there is provided a non-
transitory computer-readable storage medium having instructions stored thereon that, when
executed by a video encoding device, configure the video encoding device to: encode video
data, wherein: a set of reference pictures for a current picture of the video data consists of the
following reference pictures subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter,
RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in RefPicSetLtCurr
and RefPicSetLtFoll being long term reference pictures (LTRPs), as part of configuring the
video encoding device to encode the video data, the instructions configure the video encoding
device to: include, in a bitstream, a sequence parameter set (SPS) that is applicable to the
current picture; including, in the bitstream, a slice header of a current slice of the current
picture, the SPS includes a first set of one or more LTRP entries that refer to one or more
reference pictures, the slice header signals one or more LTRP entries that are in the first set of

LTRP entries by including one or more indexes that identify LTRP entries in the SPS,

the slice header explicitly signals a second set of one or more LTRP entries by including the
second set of one or more LTRP entries in the slice header, each respective LTRP entry of the
first and second sets of LTRP entries is a tuple consisting of a first syntax element and a
second syntax element, the first syntax element indicating least significant bits of a Picture
Order Count (POC) value of a respective LTRP of the LTRPs, the second syntax element
indicating whether the respective LTRP is used for reference by the current picture, and the
slice header is in compliance with a restriction that prohibits the slice header from signaling

two LTRP entries referring to the same reference picture; and output the encoded video data.
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[0015]  The details of one or more examples of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages

will be apparent from the description, drawings, and claims.
BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a block diagram illustrating an example video coding system that may

utilize the techniques described in this disclosure.

[0017]  FIG. 2 is a block diagram illustrating an example video encoder that may

implement the techniques described in this disclosure.

[0018] FIG. 3 is a block diagram illustrating an example video decoder that may

implement the techniques described in this disclosure.

[0019] FIG. 4 is a flowchart illustrating an example operation of a video encoder, in

accordance with one or more techniques of this disclosure.

[0020] FIG. 5 is a flowchart illustrating an example operation of a video decoder, in

accordance with one or more techniques of this disclosure.
DETAILED DESCRIPTION

[0021] A video encoder may generate a bitstream that includes encoded video data. Each
picture of the video data may include an array of luma samples and may also include two
corresponding arrays of chroma samples, e.g., arranged in blocks. To encode a picture of the
video data, the video encoder may generate a plurality of coding tree units (CTUs) for the
picture. Each of the CTUs may be associated with a different equally-sized block of luma
samples within the picture and may also be associated with the corresponding blocks of
chroma samples. The video encoder may generate one or more coding units (CUs) for each
CTU. Each of the CUs of a CTU may be associated with a luma block within the luma block
of the CTU and may also be associated with the two corresponding chroma blocks within the

chroma blocks of the CTU.
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[0022]  Furthermore, the video encoder may generate one or more prediction units (PUs)

for each CU. The video encoder may generate luma and chroma predictive blocks for each PU

of the CU. The video encoder may use intra prediction or inter prediction to
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generate the predictive blocks for a PUL After the video encoder generates predictive
blocks for one or more PUs of a CU, the video encoder may generate humg and chroma
residual blocks associated with the CU. The luma and chroma residual blocks of the
U may indicate differences between samples in the luma and chroma predicted blocks
for the PUs of the CU and the original luma and chroma blocks of the CU, respectively.
The video encoder may partition the residual blocks of a CU into transform blocks.
Furthermore, the video encoder may apply one or more transforms to cach transform
block to generate transform coetficient blocks, The video encoder may quantize the
transtorm coetficient blocks and may apply entropy coding to syntax elements thai
represent transform cocHicients of the transform coefficient block. The video encoder
may output a bitstream that includes the entropy-encoded syniax clements.

{B023] When the video encoder begins encoding a current picture of the video data, the
video encoder may determine a reference picture set (RPS) for the current picture. The
RPS for the current picture may have five subsets (i.¢., reference picture subsets).
These five reference pictare subsets are: RetPicSetStCurrBefore, RefPicSetStCurrAfier,
RefPicSetStFoll, RetPicletlaCarr, and RefPicSetliFoll. The reference pictures in
RefPicSetStCarrBefore, RefPicSetStCurrAfier, RefPicSetStFoll are referred to as
“short-term reference pictures” or “STRPs.” The reference pictures in RefPicSetLtCarr
and RefPicSetLiFoll are referred 1o as “long-term reference pictures” or “LTRP.” In
somme instances, LTRPs may romain available for use in inter prediction for longer
periods of time than STRPs. The video encoder may re-generate the five reference
pictire subscts for cach pictiwe of the video data.

{0624 Furthermore, when a current slice of the current picture 18 a P slice, the video
encoder may use the reference pictures from the RefPicStCurrAfier,
RefPicStCurrBefore, and RefPicStLiCum reference picture subsets of the current pictire
to gencrate a single reference picture fist, RefPiclasi, for the current slice. Whoen the
current shice is a B shice, the video encoder may use the reference pictures from the
RefPicStCurrAficr, RefPicStCurrBefore, and RetfPicStLiCurr reference picture subsets
of the current picture to generate two reference picture lists, RefPicListd and
RetPicList], for the current slice. When the video encoder uses mtey prediction to
gencrate the predictive block of a PU of the curvent picture, the video encoder may
generate the predictive blocks of the PU based on samples within one or more reference

pictures in one or more of the reference picture hists for the current shice.
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[8025] The video encoder may signal a set of LTRP entries in a sequence parameter set
(8PS). In other words, the SPS may explicitly indicate a set of LTRP entries. Fach of
the L'TRY entries may indicate a reference picture as being in a long-term reference
picture set {either in RefPicStLiCurr or RefPicStLiFoll} for the current picture.
Furthermore, the video encoder may signal, in a shice header of the {irst (in coding
order) slice of a current picture, indexes to LTRP cniries indicated in the SPS applicable
to the current picture. In this way, the slice header may “implicitly” signal LTRP
eniries or “index to” LTRP entries. In addition, the video encoder may sigoal, in the
slice header of the first slice of the current picture, ap additional set of LTRP entries. In
other words, the stice header may explicitly signal additional LTRP entries.

{$#026] For each respective LTRP entry explicitly indicated in the SPS, the video
encoder may signal whether a reference picture indicated by the respective LTRP entry
is used by a current picture. The reference pictures indicated by LTRP entries explicitly
signaled in the SPS that are used by a current picture may be referred to herein as
current LTRPs of the SP3. The reference pictures indicated by LTRP entries explicitly
signaled in the 8PS that are not used by 2 carrent picture may be referred to herein as
non-current LTRPs of the 8PS, Similarly, for cach respective LTRP entry implicitly
and explicitly signaled in the slice header, the slice header may indicate whether a
reforence picture indicated by the respective LTRP entry i3 used by the current picture.
The reference pictures indicated by L'TRP eniries implicitly and expliculy sigoaled in
the slice header that are used by the current picture may be referred to herein as current
LTRPs of the sliee header. The reforence picturcs indicated by LTREP cntrics tmplicitly
and explicitly signaled in the slice header that are not used by the current picture may be
referred to herein as non-current LTRPs of the slice header,

{80271 The RefPicStLiCurr reference picture subset for a current picturs may inclade
the current LTRPs ot the first stice header of the current picture and the current LTRPs
of an SPS applicable to the current picture. The RefPicStLtFoll reference picture subset
of the current picture may include the non-current LTRPs of the SPS applicable to the
current picture and the non-carrent LTRPs of the first slice header of the cwrent picture.
166281 The above-described signaling scheme may have several drawbacks, For
example, the video cocoder may potentially gencrate a slice header that explicitly
signals an LTRP entry that indicates a reference picture and also implicitly signals an

L.TRP entry that indicates the same reference picture. Thus, the RefPicStLtCurr and/or
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the Re{PicStLiFoll of the current picture may potentially include the same reference
picture twice, In another example drawback of the above-described signaling scheme,
the slice header itself may explicitly signsa! the same LTRYP entry multiple times.
Similarly, an SPS may explicitly signal the same LTRP entry nmiltiple times. Explicitly
signaling the same LTRP entry multiple times in either an SPS or a slice header may
reduce coding efficioncy, Inancther example drawback of the above-described
signaling scheme, the SPS may include an LTRP entry that indicates that a particular
reference picture is not used for reference by the carrent picture and concurrently a slice
header (or the SP8) may jnclude an LTRP eniry that indicates that the particular LTRP
is used for reference by the current picture, or vice versa. This confusion between
whether the particular reference picture is used for reference by the current picture may
cause decoding problems for a video decoder.

{8029] In accordance with the techniques of this disclosure, the video encaoder may be
restricted from signaling {(cither explicitly or implicitly) in the slice header multiple
LTRP entries that indicate that the same reference picture i3 in 8 long-term reference
picture set of the corrent picture. Rather, the video encoder 18 configured such that the
stice header is in compliance with a restriction that prohibits the slice header from
signaling two LTRP entries that indicate the same reference picture. Because the video
encoder 18 restricted from signaling multiple LTRP entries that indicate the same
refervence picture, the LTRP entries cannot inchude contradictory syntax eloments
regarding whether the reference picture is used for reference by the current picture.
Furthermore, in accordance with tho tochniques of this disclosure, the video encoder
may be restricted fror generating a slice header that indicates the same LTRP entry
multiple times. That is, the video encoder may be restricted from implicitly signaling
the same LTRP entry multiple times, restricted from explicitly signaling the same LTRP
cntry multiple times, and restricted from tmphcitly and explicitly signaling the same
LTRP entry. Hence, the video cocoder may sigaal an LTRP cutry at most once, either
implcitly or explicitly. These restrictions may potentially increase coding efficiency
because the video encoder may not be able to include syntax elements in the SPS or the
slice header for explicitly and implicitly signaling the same LTRP entry.

{0630] Hence, a video decoder may decode a slice header of a current slice of a current
picture. A set of one or more LTRP entries may be signaled in the slice header. The set

of one or move LTRP entries may inclade a fivst LTRP entry indicating that a particular



CA 02884446 2015-03-09

WO 2014/052123 PCT/US2013/060416

9

reference picture is in 3 long-term reference picture set of the current picture. The set of
one or more LTRP entrics may include a second LTRP entry only if the second LTRP
entry does not indicate that the particular reference picture is in the long-term reference
picture set of the current picture. The video decoder may generate, based at least in part
on the one or more LTRP entries, a reference picture list for the current picture and may
reconstract, based at feast in part on one or more reference pictures i the reference
picture list for the current picture, the current picture.

{60317 FIG. 1 s a block diagram illostrating an example video coding system 10 that
may utilize the techniques of this disclosure. As used herein, the term “video coder”
refers generically to both video encoders and video decoders, In this disclosure, the
terms “video coding” or “coding” may refer generically to video encoding or video
decoding,

{8032] As shown in FIG. 1, video coding system 10 includes a source device 12 and a
destination device 14, Source device 12 generates encoded video data. Accordingly,
source device 12 may be referred to as a video encoding device or a video encoding
apparatus, Desfination device 14 may decode the encoded video data generated by
sowrce device 12, Accordingly, destination device 14 may be referred 1o as a video
decoding device or 8 video decoding apparatus. Sowree device 12 and destination
device 14 may be examples of video coding devices or video coding apparatuses.

{8033] Source device 12 and destination device 14 may comprise a wide range of
devices, including desktop computers, mobile computing devices, notebook (e.g,,
laptop) computers, tablet computers, sct-top boxes, tclophone handscts such as so-called
“smart” phoues, televisions, cameras, display devices, digital media plavers, video
gaming consoles, in-car computers, or the like.

[8#034] Destination device 14 may receive encoded video data from source device 12 via
a chamnel 16, Channel 16 may comprise onc or more media or devices capable of
moving the encoded video data from source device 12 to destination device 14, [none
exarmple, chanpel 16 may comprise one or more communication media that enable
source device 12 to transmit encoded video data directly to destination device 14 in real-
fime. {n this example, source device 12 may modulate the encoded video data
according to a conmynunication standard, such as a wireless communication protocol, and
may transmit the modulated video data to destination device 14. The one or more

communication media may inchide wireless and/or wired communication media, such
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as a radio frequency (RF) spectrum or one or more physical transmission lines. The one
or more conynunication media may form part of a packet-based network, such as a local
area network, a wide-ares network, or a global network (e.g., the Internet). The one or
more comununication media may include routers, switches, base stations, or other
equipment that facilitate cormmunication from sousce device 12 1o destination device 14,
{B035] In another exarmple, channel 16 may include a storage medinm that stores
encoded video data generated by source device 12, In this example, destination device
14 may access the storage mediom via disk access or card access. The storage medium
may include a variely of locally-accessed data siorage media such as Blu-ray discs,
DVDs, CD-ROMs, flash memory, or other suttable digital storage media for storing
encoded video data.

[8036] In a further example, channel 16 may include a file server or another
ntermediate storage device that stores encoded video data generated by source device
12, 1nthis example, destination device 14 may access encoded video data stored at the
file server or other intermediate storage device via streaming or download. The file
server roay be a type of server capable of storing encoded video data and transmitting
the encoded video data to destination device 14, Example file servers include web
servers {¢.g., for a website), file transfer protocol (FTT) servers, network attached
storage (NAS) devices, and tocal disk drives.

{3037] Destination device 14 may access the encoded video data through a standard
data connection, such as an internet connection. Example types of data connections
may mclude wirciess channcls {¢.g., Wi-Fi conncctions), wired conncctions {(c.g., DSE,

cable modem, eic.), or combinations of both that are suitable for accessing encode

video data stored on a file server. The transmission of encoded video data from the file
server may be a streaming transmission, a download transmission, or a combination of
both.

{3038} The techoiques of this disclosure arve not Hmited 10 wireless applications or
settings. The techniques may be applied to video coding in support of 2 variety of
multimedia applications, such as over-the-air television broadeasts, cable television
fransmissions, satellite television transmissions, streaming video transmissions, e.g., via
the Tnternet, encoding of video data for storage on a data storage modium, decoding of
video data stored on a data storage medivm, or other applications. In some examples,

video coding system 10 may be configured to support one-way or two-way video
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transmission to support applications such as video streaming, video playback, video
broadeasting, and/or video telephony.

16039 FIG | is merely an example and the technigues of this disclosure may apply to
video coding settings {e.g., video encoding or video decoding) that do not necessarily
include any data communication between the encoding and decoding devices. In other
crarples, data is retrieved from a local memory, streamed over a network, or the like,
A video encoding device may encode and store data to memory, gnd/or a video decoding
device may retrieve and decode data from memory. In many examples, the encoding
aund decoding is performoed by devices that do not cormmunicate with one another, but
simply encode data to memory and/or retricve and decode data from memory.

j640] In the example of FIG. 1, scurce device 12 includes a video source 18, a video
encoder 20, and an output interface 22, In some examples, output interface 22 may
include a modulator/demodulator (modem) and/or a fransmitter. Video source |8 may
include a video capture device, e.g., a video camera, a video archive containing
previously-captured video data, a video feed interface to receive video data from a video
countent provider, and/or a computer graphics systern for generating video data, or a
combination of such sources of viden data.

{8641} Video encoder 20 may encode video data from video source 18, In some
examples, source device 12 directly transmits the encoded video data to destination
device 14 via output interface 22, In other examples, the encoded video data may also
be stored onto a storage medium or a file server for later access by destination device 14
for decoding and/or playback.

{0642 In the example of FIG. 1, destination device 14 includes an input interface 2%, a
video deceder 30, and a display device 32, In some examples, input interface 28
includes a receiver and/or 2 modem. Input interface 28 may receive encoded video data
over channcl 16, Display doviee 32 may be integrated with or may be oxtcrnal to
destination device 4. In general, display device 32 displays decoded video data.
Display device 32 may comprise a variety of display devices, such as a liguid crysial
display (LCD), a plasma display, an organic light emitting dicde (CLED) display, or
another type of display device.

{80431 Video encoder 20 and video decoder 30 cach may be implemented as any of a
variety of snitable circuitry, such as one or more microprocessors, digital signal

processors {DSPs), application-apecific integrated civcuits {ASICs), field-programmable
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gate arrays (FPGAs), discrete logic, hardware, or any combinations thereof. I the
echniques are implemented partially in software, a device may store nstructions for the
software in a suitable, non-transitory computer-readable storage medium and may
execute the instructions in hardware using one or more processors (o perform the
techniques of this disclosure. Any of the {oregoing (including hardware, software, a
combination of hardware and software, ¢iC.) raay be considered to be one or more
processors. Bach of video encoder 20 and video decoder 30 may be included in one or
more encoders or decoders, etther of which may be integrated as part of a combined
eucoder/decoder (CODEC) in a respective device.

160441 This disclosure may generally refer to video encoder 20 “signaling” cortain
information to another device, such as video decoder 30, The term “signaling” may
generally refer to the commmunication of syntax elements and/or other data used to
decode the compressed video data. Such communication may occur in real- or near-
real-time. Alternately, such comumunication may occur over a span of time, such as
might ecour when storing syntax elements to a computer-readable storage medium v an
cucoded bitstream at the time of encoding, which then roay be retrieved by a decoding
device at any timne after being stored to this mediura.

[8045] In somce examples, video encoder 20 and video decoder 30 operate according to
a video compression standard, such as ISG/IEC MPEG-4 Visual and ITU-T H.264 (also
known as ISO/IBC MPEG-4 AVC), including its Scalable Video Coding (SVC)
extension, Multiview Video Coding (MVC) extension, and MV C-hased 3DV extension.
In some mstances, any legal bitstrearm conforming to MVC-based 3DV always contains
a sub-hitstream that is compliant to a MV profile, e.g., stereo high profile. 1n other
examples, video encoder 20 and video decoder 30 may operate according to ITU-T
H.261, ISO/MEC MPEG-1 Visual, ITU-T H.262 or ISO/IEC MPEG-2 Visual, and 1TU-T
H.264, ISO/EC Visual,

{8846} In other examples, video encoder 20 and video decoder 30 may operate
according to the High Efficiency Video Coding (HEVC) standard developed by the
Joint Collaboration Team on Video Coding (JCT-VO) of ITU-T Video Coding Experts
Group (VCEG) and ISO/IEC Motion Picture Experts Group (MPEG). A draft of the
HEVC standard, referved to as "HEVC Working Draft 87 is described in Bross ot al,,
“High Efficiency Video Coding (HEVC) text specification draft 8,” Joint Collaborative

Team on Video Coding (ICT-VC) of ITU-T 5G16 WP3 and 1SOG/IEC
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JTCI/SC29/WGLY, 10" Meeting, Stockholm, Sweden, July 2012, which as of June 20,
2013, is available from bitp:/phenix.int-

evry fi/jet/doc_end_user/documents/10_Stockholm/wgl 1/JCTVC-J1003-v8.zip.

[0047] In HEVC and other video coding specifications, 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, Sy, and S¢,. Sy is a two-dimensional array
(i.¢., a block) of luma samples, Scn is a two-dimensional array of Cb chrominance
samples. S¢; is a two-dimensional array of Cr chrominance samples, Chrominance
samples may also be referred to herein as “chroma” sumples. In other instances, a
picture may be monochrome and may only include an array of luma samples.

[0048] To generate an encoded representation of a picture, video 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 blocks of chroma samples, and
sytiax structures used (o code the samples of the coding tree blocks. A coding tree
block may be an NxN block of samples. 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 H.264/AVC. However, a
CTU is not necessarily limited to a particular size and may include one or more coding
units (CUs). A slice may include an integer number of CTUs ordered consecutively in
raster scan.

[0049] To generaie a coded CTU, video encoder 20 may recursively perform quad-tree
partitioning on the coding tree blocks of a CTU 10 divide the coding tree blocks into
coding blocks, hence the name “coding tree units.” A coding block is an NxN block of
samples. A CU may be a coding block of lnma samples and two corresponding coding
blocks of chroma samples of a picture that has a luma sample array, a Ch sample array
and a Cr samplc array, and syntax structures used to code the samples of the coding
blocks. In instances where a picture is monochrome or where a picture is represented as
three separate color planes, a CU may be a coding block of samples and syntax
structures used to code the samples of the coding block, Video encoder 20 may
partition a coding block of a CU into one or more prediction blocks, A prediction block
may be a rectangular (i.e., square or non-square) block of samples on which the same

prediction is applied. A prediction unit (PU) of a CU may be a prediction block of luma
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samples, two corresponding prediction blocks of chroma sarples of a picture, and
syntax structures used to predict the prediction block samples. Video encoder 20 may
generate predictive luma, Ch and Cr blocks for fuma, Cb and Cr prediction blocks of
each PU of the CUL

[B058] Video encoder 20 may use intra prediction or inter prediction (o generate the
predictive blocks for a PU. fvideo encoder 20 uses intra prediction 1o gencrate the
predictive blocks of a PU, video encoder 20 may generate the predictive blocks of the
PU based on decoded samples of the picture associated with the PU.

16051 ] If video encoder 20 uses inder prediction 1o geoerate the predictive blocks of a
PU, video encoder 20 may gencrate the predictive blocks of the PU based on decoded
samples 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 uani-prediction to generate the predictive blocks fora
PU, the PU may have a single motion vector. When video encoder 20 uses bi-prediction
10 generate the predictive blocks for & PU, the PU may have two motion vectors,

18052] After video encoder 20 generates predictive luma, Cb and Cr blocks tor one or
more PUs of 2 CU, video encoder 20 may generate a tuma residual block for the CUL
Hach sample 1n the C1s luma residual block indicates a difference between a huma
sample in one of the CU%s predictive tuma blocks and 8 corresponding sample in the
CU’s original huma coding block. In addition, video encoder 20 may generaie a Cb
residual block for the CU. Each sample in the CU’s Cb residual block may indicate a
differcuce between a Chb sample 1n one of the CUs predictive Chb blocks and a
corresponding sample in the CU’s oniginal Cb coding block, Video encoder 20 may
also generate a Cr residual block for the CU. Each sameple in the CU’s Cr residual block
may indicate a difference between a Cr sample in one of the C1s predictive Cr Mocks
and a corresponding sample m the CU%s original Cr coding block.

{3053} Furthermore, video enceder 20 may use guad-tree partitioning 1o decompose the
tuma, Cb and Cr residual blocks of a CU into one or more luma, Cb and Cr transform
blocks. A transform block may be a rectangular block of samples on which the same
transtorm is applied. A transtorm unit (TU) of 2 CU may be a transtorm block of fama
saroples, two corresponding transform blocks of chroma samples, and syntax structures
used to transform the transform block samples. Thus, each TU of 3 CU may be

associated with a hima transform block, a Ch transform block, and a Cr transform block.



CA 02884446 2015-03-09

WO 2014/052123 PCT/US2013/060416

[
[¥94]

The luma transform block associated with the TU may be a sub-block of the Cl’s fuma
residual block, The Ch transform block may be a sub-block of the CUs Ch residual
Hlock., The Cr transform block may be a sub-block of the CU’s Cr residus! block.
[#854] Video encoder 20 may apply one or more transforms to a luma transform block
of a TU to generate a luma coefficient block for the TU. A coefficient block may be a
two-ditoensional array of ransform coefficionts. A transform coefficiont may be a
scalar quantity. Video encoder 20 may apply one or more transforms to a Chb transform
block of a T to generate a Cb coefficient block for the TUL Video encoder 20 may
apply ove or more trapsforms (o a Cr transform block of a TU to geverate a Cr
coetficient block for the TU.

{#055] After generating a coefficient block (e.g., a luma coefficient block, a Cb
coefficient block or a Cr coeflicient block), video encoder 20 rmay quantize the
coefficient block. Quantization generally refers to a process in which transform
coefficients are quantized to possibly reduce the amount of data used to represent the
transtorm coeflicients, providing firther compression. After video encoder 20 quantizes
a coetficient block, video encoder 20 may entropy encode syntax clements fndicating
the quantized transform coefficients. For example, video encoder 20 may perform
Comext-Adaptive Binary Arithmetic Coding {CABAC) on the syntax elements
indicating the quantized transforrn coefficients. Video encoder 20 may output the
entropy-encoded syntax elements in a bitstream.

8036] Furthermore, video decoder 30 may perform inverse quantization and may apply
an inverse transform to coctficicnt biocks to reconstruct transform blocks of a (LI
Video encoder 20 may reconstruct, based at least in part on the reconstructed transform
blocks of the CU and the predictive blocks of PUs of the CU, the coding blocks of the
1 A decoded picture buffer (DPB) of video encoder 20 may store the reconstructed
coding blocks of the CUs of multiple picturcs. Video encoder 20 may use the pictures
stored in the DPB (i.e., reference pictures) to perform fnter prediction on PUs of other
pictures.

[8857] Video encoder 20 may cutput a bitstream that includes a sequence of bits that
forms a representation of coded pictures and associated data. The bitstream may
comprise a sequence of network abatraction layer (NAL) anits. Each of the NAL units
includes 3 NAL unit header and encapsulates a raw byte sequence payload {RBSP). The

NAL unit header may include a syntax element that indicates a NAL unit type code.
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The NAL unit 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 nurber
of bytes that 15 encapsulated within a NAL unit. In some instances, ap RBSP nchudes
zero bits.

[B858] Difforent types of NAL units may encapsulate different types of RBSPs. For
cxarple, a first type of NAL unit may encapsulate an RBSP for s picture paramctor sct
(I'PS), a second type of NAL unit may encapsulate an RBSP for a coded slice, a third
type of NAL unit may encapsulate an RBSP for supplemental enhancement information
{(SED), 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 a5 video coding layer
(VCL) NAL units.

{8039 Video decoder 30 may receive a bitstream generated by video encoder 20. In
addition, video decoder 30 may parse the bitstream to obtain syntax eloments from the
bitstream. Video decoder 30 may reconstruct the pictures of the video data based at
least in part on the syntax clements obtained from the bitstream. The process to
reconstruct the video data may be generally reciprocal 1o the process performed by
video encoder 280, For instance, video decoder 30 may use motion vectors of PUs (o
determine predictive blocks for the PUs of a current CU. In addition, video decoder 30
may inverse quantize coefficient blocks associated with TUs of the current CUL Video
decoder 30 roay perform inverse wransforms on the coefficient blocks to reconstruct
transform blocks associated with the TUs of the current CU. Video decoder 30 may
reconstruct the coding blocks of the carrent CU by adding the samples of the predictive
blocks for PUs of the current CU 1o comresponding samples of the transform blocks of
the TUs of the current CU. By reconstructing the coding blocks for each CU of a
current picture, video decoder 30 may reconstruct the current picture. Video decoder 30
may store the reconstructed current picture 1 a DPB for ase in intor prediction of PUs
in other piciures.

18060] A picture order count (POC) value is 2 value that identifies one or more pictures
occurring at one time instance (ie., in one access unit). In base HEVC, only one picture
occurs 1n an access unit. In scalable, mulu-view, or 3-dimensional video coding,
muliiple pictures may ocour 8t one time 1nstance and hence a POC value may wentify
multipie pictures, i.e., at different layers. Video encoder 2( and video decoder 3¢ may

use POC values of pictures to 1dentify the pictures {(e.e., for use in inter prediction).
J o E
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[8061] When video encoder 20 begins encoding a current picture of the video data,
video encoder 20 may generate five lists of POC values: PocStCurrBefore,
PocStCurrAfter, PocStFoll, PocliCurr, and PocltFoll, Video encoder 20 may use these
five lists of POC values to generate {ive corresponding reference picture subsets for the
current picture; RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFol],
RefPicSetbiCurr, and RefPicSetliFoll. For cach POC value w a list of POC values
{c.g., PocStCurrBefore, PocStCurrafter, PocStFoll, PocLtCurr, and PoclLtFolb), video
cucoder 20 may determine whether the DPB inchudes a reference pictare that has the
POC value and, if so, video encoder 20 includes the reference picture in the reference
picture set corresponding to the kst of POC values.

6862] The reference piciures in RefPicSetStCurrBefore, RefPicSetStCurrAfier,
RefPicSetStFoll are referred to as “short-term reference pictures” or “STRPs.” The
reference pictures in RefPicSetliCurr and RetPicSetliFoll are referred to as “long-term
reference pictures” or “LTRPs.” In some instances, LTRPs may remain available for
use in inter prediction for longer periods of time than STRPs. Video encoder 20 may
re-generate the five lists of POC values and the corresponding reference picmure sets for
each picture of the video data.

{8663} Furthermore, when a current shice of the current pictore is a P slice, video
encoder 20 may use the reference pictures from the RefPicStCurrAfier,
RefPicStCurrBefore, and RetPieStLtCurr reference picture subsets of the current piciure
to generate a single reference picture Hst, RetPicList(, for the current slice. When the
cwrrent shice 18 a B slice, video cncoder 20 may use the referonce pictures from the
RefPieStCurrA fter, RetPicSiCurrBefore, and RefPieStLACurr reference picture subsets
of the current picture o generate two reference picture lists, RefPiclisth and
RefPiclisti, for the current slice. When video encoder 20 uses inter prediction to
gencrate the predictive block of a PU of the current picture, video encoder 20 may
generate the predictive blocks of the PU based at least in part on one or more reference
pictures in one o1 more of the reference picture lists for the current slice,

[8864] Video encoder 28 may signal a set of LTRP entries in a sequence parameter set
(SPS). In other words, the 3PS may explicitly signal a set of LTRP entries. Bach of the
LTRP entries may indicawe a refercnce picture and may indicate whether the reference
picture is used for reference by the current picture. Furthermore, video encoder 20 may

signal, in a shice header of the first (in coding order) slice of a current picture, indexes to
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LTRP entries signaled in the SPS that are applicable to the current picture. In this way,
the shice header may vplhicitly signal (Le., index to) LTRP entries. In addition, video
encoder 20 may signal, in the slice header of the first slice of the current picture,
additional LTRP entries. In other words, the slice header may explicitly signal
additional LTRP entries.

{8065] Table 1, below, shows the syntax of the portion, within an SPS, regarding

LTRPs.

TABLE 1 - SPS Syntax Related to LTRPs

long_term_ref ples_present flag u{l)

il long_term_ref pics_present flag) {

muxa_foag terra_ref_pics_sps ue(v)

for(i=4¢;1i<num long term_ref pics sps;i++) {

it ref pic_poc_Ish_spsii] w{v}

used _by_corr_pic 1t _sps_flagii | w1}

[3066] In the example syutax of Table 1, above, and other syntax tables of this
disclosure, syntax elernents with type descriptor ue{v) may be variable-length unsigned
integers encoded using 0 order exponential Golomb (Exp-Golomb) coding with left bit
first. In the example of Table | and the following tables, syntax clements having
descriptors of the form u(s), where # 18 a non-negative integer, arc unsigned values of
length .

{B8067] In Table 1, the syntax clement long ferm ret pics present flag indicates
whether the SPS includes syntax elements that indicate a set of LTRPs, The syntax
clement num long term ref pics sps indicates the number of LTRPs signaled in the
SPS. The syntax element It ref pic poc lIsb sps{/] indicates the least-significant bits
{(L.5Bs) of the POC value of an L'TRP at position 7 in the sct of LTRPs. In some
examples, the 8PS mcludes a syntax clement {e.g.,

fog2 max pic order cnt Ish minusd) that indicates the maximum POC value that can
be represented using LSBs alone. In such examples, the maxinmm POC value that can

be represented using LSBs alone (.., MaxPicOrderCotLsb) may be equal to:
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MaxPicOrderCntLsh = 2 (log2 max pic order cat lsb minusd +4)

whether the ETRP entry at position / in the set of LTRP entries is used in the reference
picture set of a current picture. An LTRP entry in the SPS may be defined as a tuple
consisting of it_vef pic poc b sps[i] and used by _curr pic # sps flagli]. o other
words, an LTRYP entry may be a LSB syntax clement and a usage syntax element, where
the LSB syntax clement indicates the LSBs of a POC vahue of a reference picture and
the usage syntax element indicates whether the reference picture is used for reference by
the current picture.

¢669] Tabie 2, below, shows the syntax of a portion of a slice header regarding LTRPs.

TABLE 2 -~ Slice Header Syntax Related to LTRPs

ifi num_long_term ref pics_sps > 0)

num_long term sps ue{v)
oum_fong term_pies ue{v)
tor{ i =0; 1 < nun_long term_sps + num_long term pics; i++ ) §

it i <num_long term_Sps )

b idx epsfi] W)
else {

poc_Isb ¢ i} w(v)

used_by_cory_pic_lt_flag{ i} udl)
N
delta_poc_msh_present flagli] w(l)

iff delta poc rosh present flagl i)
i L POC_Tuss_ B JUagiig)

delta_poc_msh_cyele 1 1] ue{v)

{B070] In Table 2, the syntax element mirn_long term sps indicates the number of
candidate LTRPs specified in the applicable SPS for the curvend picture. The syntax
clement num_long term pics indicates the number of LTRP entries specified in the
slice header that are included in the LTRP set of the current picture. The syntax clement
It idx sps[i] specifies an index into the LTRP entries specified by the applicable SPS

for the current picture. The poc Isb hifi] symtax clement may specify the value of the



CA 02884446 2015-03-09

WO 2014/052123 PCT/US2013/060416

20

least-significant bits of the POC value of the i-th LTRP in the LTRP set of the current
picture, The used by curr_pic It flagli] syntax clement may specify whether the i-th
LTRP to be inchaded in the LTRYE set of the current picture is used for reference by the
current picture.

[8871] The syntax element delta_poc_msb_present {lagf/] indicates whether the

delta poc msh cvele U7} syntax element 18 present in the shice header. The

delta poc msbh cvcle lt[i] syntax element is used to determine the value of the most-
significant bits (MSBa) of the 7-th LTRP in the LTRP set of the current picture.
Typically, STRPs do pot remain in the DPB for extended sequences of pictures.
Accordingly, the LSBs of the POC values of the STRPs may be sufficicnt to distinguish
different STRPs. In contrast, LTRPs may remain in the DPB for longer sequences of
pictares. Accordingly, the full POC valoes (1.2, the MSBa and LSBs of POC valaes) of
LTRP may be needed to distinguish different LTRPs in the DPB and to distinguish
LTRPs from STRPs in the DPB.

{60727 Because the number of pictures between different LTRPs signaled in the slice
header is relatively unlikely 1o be significantly greater than the murober of different
piciures that can be indicated using only the LSBs of POC values, the mumber of bits
required to indicate the difference between MSBs of POC values of the different LETRPs
18 Tikely to be smaller than the number of bits required to explicitly indicate the MSBs
of the POC values of the different LTRPs. Accordingly, the delta poc_msh cvele
syntax elements may indicate differences hetween MSBs of POC values of LTRPs.
Furthermore, if there 1 no difference between the LSBs of the POC values of a first
LTRP and a second LTRP, a dehia_poc mosb presentflag syntax clernent may indicate
that the slice header includes a delta_poc_msh cycle It syntax element for the second
LTRP that represents the difference between the MS3Bs of the POC values of the first
and the sccond LTRP. In other words, the defta pos_masb prosent flagli] syntax
clement may indicate that the delta_poc_mab_cvele 17T syotax elernent indicates the
difference of the MSBs or the i-th and the (7 — 1 }th UTRP whep the LSBs of the POC
value of the /-th LTRP are equal to the LSBs of the POC value of the (7 - 1)-th LTRP.
166731 Thus, in the syntaxes of Tables 1 and 2, the signaling of LTRPs may mvolve
signaling the LSBs of POC values of LTRPs in the SPS or the slice header, and

signaling the MSB-cycle difference, in some cases, in the slice header.
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[8074] An LTRP entry in the slice header may be defined as either the LSB and the {lag
signaled by the poc_lsh_k[i] syntax element and the used by curr pic it flag[i] syntax
clement, or the LSB and the flag corresponding to the entry in the SP'S indicated by the
It idx spslil syntax element. When an LTRP entry is signaled in a slice header using
the It_idx_spsfi] syntax element, this disclosure refers to the LTRP entry as being
wndexed n the slice header, and the corresponding entrics arce derived from the SPS.
When an L'TRP entry is signaled in a slice header using the poe Isb l[i] syntax element
culry as being explicitly signaled i the slice header.

16075} For cach respective LTRP entry explicitly signaled in the SPS, video encoder 20
may signal whether a reference picture indicated by the respective LTRP entry is used
by a current picture. The RefPicStLiCurr reference picture subset for the current picture
includes the reference pictures indicated by the LTRP entries signaled in the slice
header that may be used for reference by the current picture. The ReflicStLtFoll
reference picture subset of the current pictore may inchude the reference pictures
indicated by LTRP entries signaled in the slice header that are vot used for reference by
the current picture.

[8676] Video decoder 3¢ may obtain an SPS and a slice header from a bitstream. When
video decoder 3G starts decoding a first slice of a current picture, video decoder 30 may
determine that a particular SPS is applicable 1o the current picture. Furthermore, video
decoder 30 may determine, based at least in part on syntax elements in the applicable
SPS and/or syntax slements m the shee header, POC values to be included in
PocSiCurrBefore, PocStCurrAfier, PocStFoll, PocliCurr, and PocLtFoll, Video
decoder 30 may then use PocStCurrBefore, PocStCurrAfter, PocStFoll, PocLtCurr, and
PocltFoll to determine the reference picture subsets for the current picture:
RofPicSeistCurrBefore, RefPicSetStCurrAfter, RofPicSctStFoll, RefPicSctltCurr, and
RefPicSethtFoll. Subsequently, video decoder 30 may use RefPicsStCurrBefore,
RefPicSetStCurrAfter, and RefPicSetiaCurr to determine one or more reference picture
tists {e.g., RefPicList0® and RefPicListl) for the current picture. As described above,
video decoder 30 muay use reference pictures in the reference picture hists for inter
prediction of PUs.

{60771 The sbove-described signaling scheme has several drawbacks. In one example

drawback of the above-described signaling scheme, the slice header itsel may explicitly
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signal the same LTRP entry multiple times. In other words, there is no restriction in the
above-described semantics that disallows the same LTRP entry to be signaled
{explicitly or indexad) more than once in one slice header. In another example
drawback of the above-described signaling scheme, the SPS may indicate that a
particular LTRP is not used by the current picture and concurrently a slice header may
indicate that the particular LTRP 15 used by the currend picture, or vice versa, For
instance, the slice header may explicitly signal and/or index to LTRY entries that
indicate the same reference picture but have different vahies for the

used by curr pic flag syntax element. Consequently, the above-described syntax and
semantics allow for a slice header that signals LTRP entries that indicate that a
particular reference picture is in both the RefPicSetLitCurr subset and the
RefPicSetLtFoll subset. This confusion between whether the particnlar LTRP is used
for reference hy the current picture may cause decoding problems for video decoder 30
J0878] Hence, in accordance with one or more techniques of this disclosure, restrictions
may be added such that each LTRP that is signaled {explicitly or indexed) in a alice
header must refer to a distinet reference picture among all the LTRPs that are signaled
{explicitly or indexed) in the slice header. For instance, video encoder 20 is restricted
from implicitly signaling (i.¢., indexing to} multiple LTRP entries that indicate the same
LTRP, restricted from explicitly signaling multiple LTRP entries that indicate the same
LTRP nwiltiple times, and restricted from troplictily and explicitly signaling LTRP
entries that indicate the same LTRP,

180791 Thus, vidco cncoder 20 may signal, in a slicc header for a current slicc of a
current picture, a fust LTRP entry, The first LTRY entry may indicate that a particular
reference picture is in a long-term reference picture set of the current picture. The long-
term reference picture set of the current picture may include reference pictures in
RefPicSothtCarr and RefPicSctltloll. Furthormore, video cncoder 20 may signal, in
the slice header, a second LTRP entry only if the second LTRP eniry does not indicate
that the particular reference picture is in the long-term reference picture set of the
current pichire. In some examples, a bitstream may fail a bitstream conformance test if
two LTRP entries signaled i a slice header 1n the bitstreanm imdicate that the same
reference picture is in the long-term reference picture set of the current picture,

{080] In some examples, video encoder 20 may signal the first LTRP entry by

including, in the slice header, an index to the first LTRP entry. In this example, video
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encoder 20 may signal the second LTRP entry by including, in the slice header, the
second LTRP entry only if the second LTRP entry does not indicate that the particular
reference picture 18 in the reference picture set of the current picture. For instance,
video encoder 20 may generate the slice header such that the slice header is in
compliance with a restriction that prohibits the slice header {rom explicitly including a
particular LTRP endry 1 the slice header includes an index to an equivalent LTREP oniry
in the SPS. Thus, a bitstream may fail a bitstrearn conformance test if a slice header
inchides a particular LTRP and inchides an index to an eqaivalent LTRP entry in the
SPS. In this exawmple, the particular LTRP eotry includes an LSB syntax clement and a
usage syntax clement. Furthermore, in this example, the equivalent LTRP entry
includes a LSE syntax element that matches the LSB syntax element of the particular
LTRP entry and the equivalent LTRP entry includes a usage syntax element that
matches the usage syniax element of the particular LTRP. The L3B syntax element of
the particular LTRP entry and the LSB syntax clement of equivalent LTRP entry
indicate 1L8Bs of POC valuce. The nsage syntax element of the particolar LTRP entry
and the usage syntax clement of the equivalent LTRP entry indicate whether reference
pictures may be used for reference by the current picture.

{3081} In another exampie, the set of LTRP entries in the SPS may include the first
LTRP entry and the second LTRP entry. In this example, video encoder 20 may
include, in the slice header, an index to the first LTRP and may inchude, in the slice
header, an index to the second LTRP entry only if the second L'TRP entry does not
indicatc that the particular reference picture 18 in the long-torm referenec picture sct of
the current picture,

{60821 In still snother example, video encoder 20 may signal the first LTRP entry by
including, in the slice header, the first LTRP entry. Furthermore, video encoder 20 may
signal the sccond LTRP ontry by including, in the slice header, the sccond LTRP ontry.
Thus, video encoder 20 may nclude, in the shice header, the fivst LTRP cutry and may
inchude, in the slice header, the second LTRP entry only if the second LTRP entry does
not indicate that the particular reference picture s in the long-term reference pictore set
of the current picture, In this way, video encoder 20 may generate the shee header such
that the slice header 18 1n compliance with a restriction that prohibits the slice header
from inclading two LTRP entries that indicate reference pictures having the same POC

value. Thus, a bitstream may fail a bitstream conformance test if a slice header in the
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bitstream includes two LTRP entries that indicate reference pictures having the same
POC value.

{60837 As indicated above, the long-term reference picture set of the current picture
may incinde a first subset {e.g., RefPicStLtCwrr) and a second subset (e.g.,
RefPicStLiFolly. The {irst subset may includs LTRPs used for reference by the current
picture and the second subset may include LTRPs used for reference by other pictures.
In accordance with the techniques of this disclosure, video encoder 20 may generate the
slice header such that the slice header is in compliance with a restriction that prohibits
the first subset from including two reference pictures with the same POC value, a
restriction that prohibits the second subset from inchuding two reference pictures with
the same POC vahie, and a restriction that prohibits the first and second subsets from
including reference pictures with the same POC value. Thus, a bitstrears may fail a
bitstrearn conformance test if the first subset includes two reference pictures with the
same POC value snd/or if the second subscet inchudes two reference pictures with the
same POC value.

{6084 Furthermore, jn some examples, for each respective LTRP entry in the set of one
or more LTRP entries in the SPS, the slice header inchudes an index to the respective
LTRP entry only if the slice header dogs not already inchide a copy of the index to the
respective LTRP entry. In this way, video encoder 20 may generate the shice header in
compliance with a restriction that prohibits the slice header from inchuding two indexes
to a single LTRP entry in the SPS. Thus, a bitstream may fail a bitstream conformance
tost if a slice header includes two indexes to & single LTRP entry in an SPS.

{30851 In another exampic drawback of the signaling scheme of HEVC Working Draft
8, an SPS may explicitly signal the same L'TRP entry multiple times. Explicitly
signaling the same LTRP entry multiple times in either an SPS or a slice header may
reduce coding officioney. In othor words, there s no restriction in the above-described
semantics for the same LTRP eniry heing signaled more than once in the SPS.

{8086} in accordance within one or more techniques of this disclosure, a restriction may
be added that disallows duplicate LTRP entries among the LTRP entries signaled in an
SPS. In other words, video encoder 20 1s restricted from generating an SPS that
cxplicitly signals the same LTRP entry multiple times. For example, video encoder 20
may generate an SPS such that the SPS includes a particular LTRP entry only if the SPS

does not already include a copy of the particudar LTRP entry. In this way, video



CA 02884446 2015-03-09

WO 2014/052123 PCT/US2013/060416

N
[¥94]

encoder 20 may generate the SPS such that the SPS conforms to 8 restriction that
prohibits the SPS trom including two or more copies of the same LTRP entry, Tu some
instances, a device (such as video encoder 20 or video decoder 30) may perform g
bitstream conformance test to determine whether a bitstream 1S in conformance with a
video coding standard, such as HEVC. A bitstream may {ail {0 satis{y the bitstream
conformance test if the SPS includes two or more copies of the same LTRP entry,
16087} in another exarnple drawback of the signaling scheme of HEVC Working Draft
8, video encoder 20 may potentially generate a slice header that explicitly indicates an
LTRP entry and also iroplicitly indicates the same LTRP entry. Thus, the
RefPicStiACurr and/or the RetPicStLiFoll of the current picture may potentially include
the same LTRP entry twice. In other words, LTRP entrics may be signaled in the SPS
and indexed {i.e., implicitly indicated) in the slice header. However, the above-
described semantics may permit any LTRP enfry signaled in the 5PS to be also
explicitly signaled in the slice header. Such flexibility may be unnecessary,

I6888] Hence, in accordance with one or more technigques of this disclosure, a
restriction may be added such that an LTRP entry s not directly signaled in any slice
header when an equivalent LTRYP entry is included in the SPS. Thus, for each
respective LTRP entry in the SPS, the slice header does not include a particular LTRP
entry if the particelar LTRP entry matches the respective LTRP entry in the 8PS, For
instance, a bitstream may fail a bitstream conformance test if the 3PS inchudes two
matching LTRP entries.

16089} in anothor cxampic drawback of the signaling schome of HEVC Working Draft
3, the vahue of the delta poc_msb present flagfi] syutax element conditions the
sigrraling of the delta poc _msb cvele 1t[i] syntax element. In other words, the
signaling of the delta_poc _msb_cyele #t[i] syntax element depends on the value of

delta poc msb_present flag

1] syntax clement. As explained above, the

delta poc _msh present flag[i] syntax clement roay indicate that the

defta poc msh cvcle lf[i] syntax element is not present if the MSBs of the POC value
of the i-th LTRP are equal to the MSBs of the POC value of the {7/ — 13-th LTRP. The
delta poc msh cvele il syntax element is Exponential-Golomb coded (i.e. ue{v)
coded). However, the explicit sigualing of the delta_poc onsb present flagli] syutax

element may not be necessary, and the delta_poc_msb cyele t[i] syntax element may
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signaled and where MSBs of a POC value are not signaled).

{0090] Hence, m accordance with one or more techniques of thig disclosure, the

delta poc_msb present flag[i] syniax clement is removed from the slice header syntax
and the semantics of the delta_poc_msb cycle ] syntax element are modified to
cover all the possible cases. As described herein, the value of the

delta poc msh cyele It syntax element (or an equivalent syntax element) for the i-th
LTRP for the current picture may be required to be greater than § when there are
muliiple reference pictures n the DPB, excluding those pictures that are signaled as
STRPs for the current picture, with POC values modulo MaxPicOrderCrtlsb equal to
the L5Bs of the POC valne of the i-th LTRP, where MaxPicOrderCntlsb is the greatest
value that can be represented using only the LSBs of a POC value.

{8091 In another exaraple drawback of the signaling scheme of HEVC Working Draft
¥, when there are two reference pictures in the DPB with the same LSBs, and one of the
pictures is signaled as an STRP and the other picture as an LTRP, the semantics of
HEVC Working Draft € mandate that the MSB information of the LTRP be signaled.
However, in this case, the MSB information for the LTRP need not be signaled. Hence,
in accordance with one or more technigues of this disclosure, the semantics and the
derivation process of the reference pictare set may be modified such that when there are
n (wheve n > 1) reference pictures in the DPB with POC values baving the same 1L.3Bs,
and (n — 1) of those pictures are signaled as STRPs and the n-th picture is signaled as an
LTRP, then the MSBs of the POC value of the LTRP are not allowed to be signaled.
{30921 In HEVC Working Draft 8, an 8PS may inchude s plurality of short term
reference picture set (STRPS) syntax structures {e.g., short_term ref pic set syntax
structures). A slice header may either include a STRPS syntax structure or inclode one
or more syntax cloments indicating onc of the STRPS syntax structures in the applicable
SPS. Sets of STRPs (i.e., RefPicSetSiCurrBefore, RefPicSetSiCurrAfier, and
RefPicSetStFol) for the current picture may be signaled in 3 STRPS syntax structure,
[8093] More specifically, the sets of STRPs for the current picture may be signaled in a
STRES syntax structure i one of two ways. In the first way, the STRPS syntax
structure inchudes syntax clements that enasble video decoder 30 to determing, based at
feast in part on syntax elements in a reference STRPS syntax structure in the applicable

SPS, an array of DeltaPocS0 values and an array of DeltaPocS1 values. In the second
) 3 ¥
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way, the STRPS syntax structure includes syntax elements that enable video decoder 30
1o determine the array of DeltaPocS0 values and the array of DeltaPocS1 values without
reference to any other STRES syntax structure. The array of DeltaPocS0 values
indicates values to add to the POC value of the current picture to determine POC values
in PocStCuarrBefore and PocStFoll. The array of DeltaPocS1 values indicates values to
subtract from the POC value of the current picture to determine POC valaes in
PocStCurrAfier and PocSiFoll. As indicated above, video decoder 30 may determine
RetPicSetStCurrBetore based at least in part on PocStCarrBefore. Video decoder 30
may deternioe RefPicSetStCurrAfter based at least in part on PocStCurrAfier. Video
decoder 30 may determine RefPicStFoll based at least in part on PocStFoll,

[#094] Another example drawback of the signaling scheme of HEVEC Working Draft 8
is that it is possible to repeat the same STRPs in the list of STRPs, which should be
disallowed. In other words, the SPS may include multiple identical STRPS syntax
structures. It is also possible that g STRPS syatax structure explicitly signaled in the
slice header is 1dentical to 8 STRPS syntax structure signaled in the SPS, which should
also be disallowed. Heuoce, one or more techniques of this disclosure may restrict video
encoder 20 such that no two short-term reference picture set candidates (1.2, no two
STRPS syntax stractures ) signaled in the SPS are identical. Furthermore, in accordance
with one or more technigues of this disclosure, video encoder 20 is restricted from
signaling a STRPS syntax structure in the slice header if an identical pattern (i.e.,
STRPS syntax structure) is signaled among the short-term RPS candidates (i.e., STRPS
syntax structurcs) in the SPS. That is, & short-torm reforence picture sot patiern {i.c, a
STRES syntax structure) cannot be explicitly signaled in the slice header if an tdentical
candidate (i.e., an identical STRPS syntax structure) is present in the candidate listin
the SPS.

{095 FIG. 2 19 a block diagram illystrating an cxample video oncoder 24 that may
implement the techniques of this disclosure. FIG. 2 1s provided for purposes of
explanation and should not be considered limiting of the techniques as broadly
exemplified and described in this discloswre. For purposes of explanation, this
disclosure describes video encoder 20 m the context of HEVC coding. However, the
technigues of this disclosure may be applicable 1o other coding standards or methods.
[#096] In the example of FIG. 2, video encoder 20 includes a prediction processing unit

100, a residual generation unit 102, a transform processing unit 134, a quantization unit
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106, an inverse quantization unit 108, an mmverse transform processing unit 116, a
reconstruction unit 112, a filter unit 114, a decoded picture buffer 116, and an entropy
encoding unit 118, Prediction processing unit 100 includes an inter-prediction
processing vnit 120 and an intra-prediction processing unit 126, Inter-prediction
processing onit 12¢ inchides a motion estimation unit 122 and a motion compensation
unit 124, In other examples, video cucoder 20 may include more, fewer, or different
functional components.

160971 Video encoder 20 mway receive video data. Video encoder 20 sy encode each
CTU i a slice of a picture of the video data. Each of the CTUs may be associated with
cqually-sized luma coding tree blocks (CTBs) and corresponding CTBs of the picture.
As part of encoding a CTU, prediction processing unit 100 may perform quad-tree
partitioning to divide the CTBs of the CTU into progressively-smaller blocks. The
sialler blocks may be coding blocks of CUs. For example, prodiction processing unit
100 may partition a CTB associated with a CTU into four equally-sized sub-blocks,
partition one or more of the sub-blocks into four equally-sized sob-sub-blocks, and so
o,

{30981 Video encoder 20 may encode CUs of a CTU to generate encoded
representations of the CUs (e, coded CUs). As part of encoding a CU, prediction
processing vnit 100 may partition the coding blocks associated with the CU among one
or more PUs of the CU. Thus, each PU may be associated with a luma prediction block
and corresponding chroma prediction blocks. Video encoder 20 and video decoder 30
may support PUs having various sizes. As indicated above, the size of 8 CU may rofer
10 the size of the luma coding block of the CU and the size of a PU may refer 1o the size
of a luma prediction block of the PU. Assuming that the size of a particular CU is
INxZN, video encoder 20 and video decoder 30 may support PU sizes of ZN<2N or
NN for intra prediction, and symmetric PU sizes of 2Nx2N, 2NxN, Nx2N, NxN, or
similar for inter prediction. Video encoder 20 and video decoder 30 may also support
asymumetric partitioning for PU sizes of ZNxnU, 2NxnD, nlx2N, and nRx2N for inter
prediction.

{6099 Inter-prediction processing unit 120 may generate predictive data for a PU by
performing joter prediction on each PU of a CU. The predictive data for the PU may
inchude predictive blocks of the PU and motion information for the PU. Inter-prediction

processing vnit | 28 may perform different operations for a PU of a ClJ depending on
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whether the PU is in an I slice, a P slice, or a B shee. Inan I slice, all PUs are intra
predicted. Hence, ifthe PU is tnan 1 slice, inter-prediction processing unit 120 does not
perform inter prediction on the PU.

[8100] When video encoder 20 begins encoding a current picture, inter-prediction
processing onil 12¢ may determine reference picture subsets {or the current picture.
Furthermore, inter-prediction processing voit 126 may determine, based at least in part
on the reference picture subsets for the current picture, one or more reference picture
lists for the current picture. Inter-prediction processing unit 120 may cignal the
reference picture subscts for the current picture using syniax elements in ag SPS
applicable to the current picture and one or more slice headers of one or more slices of
the current pictore.

{B181] In accordance with one or more technigues of this disclosure, inter-prediction
processing unit 120 may generate a slice header for a current slice of the current picture
such that the slice header does not signal {cither explicitly or via indexing) two LTRP
cutries associated with the same reference picture. For example, inter-prediction
processing uoit 120 may signal, in the slice header, 2 first LTRP eniry, In this example,
the first LTRP entry may indicate that a particular reference picture is in & long-term
reference picture set of the current picture, Furthermore, in this example, inter-
prediction processing unit 120 may signal, in the shice header, a second LTRP entry
only if the second L'TRP entry does vot indicate that the particular reference picture is in
the fong-term reference picture set of the current picture.

{6102} it a PU is in a P shice, motion cstimation vnit 122 may scarch the refercnee
pictures in & list of reference pictures {o.g., “RefPicList0”) for a reforence region for the
PU. The reference region for the PU may be a region, within 2 reference picture, that
contains sample blocks that most closely corresponds to the prediction blocks of the PU.
Motion cstimpation anit 122 may gencrate a reforence index that indicates a poaition in
RefPicListO of the reference picture containing the reference region for the PU. In
addition, motion estirnation unit 122 may generate & motion vector that indicates a
spatial displacement between a coding block of the PU and a reference location
associated with the reference region. For mnstance, the motion vector may be a two-
dimensional vector that provides an offset from the coordinates in the current decode
picture to coordinates in a reference picture. Motion estimation unit 122 may output the

reference index and the motion vecior as the motion mformation of the PU. Motion
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compensation unit 124 may generate the predictive blocks of the PU based on actual or
interpolated samples at the reference location indicated by the motion vector of the PLL
{6103} fa PU is in a B slice, motion estimation unit 122 may perform uni-prediction or
bi-prediction for the PU. To perform uni-prediction for the PU, motion estimation unit
122 may search the reference pictures of RefPicListd or a second reference picture Het
{(“RefPicListl™) for a reference region for the PU. Motion estimation unit 122 may
output, as the motion information of the PU, a reference index that indicates a position
in RefPicListd or RetPicList] of the reference picture that contains the reference region,
a motion vector that indicates a spatial displacement between a sample block of the PU
and a reference location associated with the reference region, and one or more
prediction direction indicators that indicate whether the reference picture IS in
RefPicListd or RefPicListl. Motion compensation unit 124 may generate the predictive
blocks of the P based at east in part on actual or interpolated samples at the reference
region indicated by the motion vector of the PU.

{61041 To perform bi-directional inter prediction for & PU, motion estimation unit 122
may search the reference pictures in RefPiclistd for a reference vegiou for the PU and
may also search the reference pictures in RefPicList] for another reference region for
the PUJ. Motion estimation unit 122 may generate reference indexes that indicate
positions in RefPiclistd and RefPicListl of the reference pictures that contain the
veference regions. In addition, motion estimation unit 122 may generate motion vectors
that indicate spatial displacements between reference locations associated with the
rcforence regions and a prediction block of the PUL The motion information of the PU
may melude the reference indexes and the motion vectors of the PU. Motion
compensation unit 124 may generate the predictive sample blocks of the PU based at
least in part on actual or interpolated samples at the reference region indicated by the
motion vectors of the PUL

{B108] Intra-prediction processing unit 126 may generate predictive data for a PU by
performing intra prediction on the PU. The predictive data for the PU may include
predictive sample blocks for the PU and various syntax elements. Intra-prediction

processing umit 126 may perform wndra prediction on PUs n { slices, P slices, and B

{#106] To perform intra prediction on a PU, intra-prediction processing unit 126 may

use multiple intra prediction modes to generate multiple sets of predictive data for the
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blocks to generate the predictive blocks of a PU. The neighboring PUs may be above,
above and to the right, above and to the left, or to the left of the PU, assuming a left-to-
right, top-to-bottom encoding order for PUs, CUs, and CTUs. Intra-prediction
processing unit 126 may use various mumbers of intra prediction modes, e.g., 33
directional intra prediction modes. In some cxaraples, the number of intra prediction
modes may depend on the size of the prediction blocks associated with the PU.

[6107] Prediction processing unit 100 may select the predictive data for PUs ofa CU
from among the predictive data generated by inter-prediction processing uait 120 for the
PUs or the predictive data generated by integ-prediction processing unit 126 for the PUs,
In some examples, prediction processing unit 100 selects the predictive data for the PUs
of the CU based on rate/distortion metrics of the sets of predictive data. The predictive
blocks of the selected predictive data may be referred to herein as the selected predictive
blocks.

[6108] Residual generation unit 102 may generate, based on the luma, Cb and Cr
coding blocks of a CU and the selected predictive turna, Ch and Cr blocks of the PUs of
the CU, a luma, Cb and Cr residual blocks of the CU. For instance, residual generation
unit 102 may generate the residual blocks of the CU such that each sample in the
residual blocks has a value equal to a difference between a sample in a coding block of
the CU and a corresponding sarople fo & corresponding selected predictive block of a
PU of the CUL

16109] Transform processing unit 104 may porform quad-trec partitioning to partition
the vesidual blocks associated with a CU into transform blocks associated with TUs of
the CU. Thus, a TU may be associated with 2 luma transform block and two
corresponding chroma transform blocks. The sizes and positions of the hima and
chroma transform blocks of TUs of a CU may or may not be based on the sizes and
posttions of prediction blocks of the FUs of the CU. A quad-iree structure known as a
“residual quad-tree” (RQT) may include nodes sssociated with each of the regions. The
Tis of a CU may correspond to Teaf nodes of the RQT.

16118 Transform processing unit 104 may generate cocfficient blocks for each TU of a
CU by applving one or more transforms to the transform blocks of the TU. Transform
processing voit 104 may apply various transforms to a transform block associated with a

TU. For example, transform processing unit 104 may apply a discrete cosine transform
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(DCT)Y, a directional transform, or a conceptually similar transform to a transform block.
In some examples, transform processing unit 104 does not apply transforms to a
transform block. {n such examples, the transform block may be treated as a coefficient
block.

[8111] Quantization unit 106 may quantize the transform coefficients in a coefficient
block., The quantization process may reduce the bit depth associated with some or all of
the transform coefficients. For example, an #-bit transform coefficient may be rounded
down to an m-bit transform coefficient during guantization, where # is greater than m.
Quantization unit 106 may quantize a coefficient block associated witha TU of a CU
based on 3 quantization parameter (P} value associated with the CU. Video encoder
2¢ may adjust the degree of quantization applied to the cosfficient blocks associated
with a CU by adjusting the QP value associated with the CU. Quantization may
introduce loss of information, thus quantized transform coefficients may have lower
precision than the original ones.

{61127 Inverse quantization unit 108 and inverse transform processing unit 110 may
apply inverse quantization and inverse transforms to a coefficient block, respectively, to
reconstruct a residual block from the coefficient block. Reconstruction unit 112 may
add samples of the reconstructed residual block to corresponding samples from one or
maore predictive blocks generated by prediction processing unit 100 to produce a
reconstructed transform block associated with 2 TU. By reconstructing transform
blacks for each TU of a CU in this way, video encoder 20 may reconstruct the coding
blocks of the CU.

{0113] Filter unit 114 may perform one or more deblocking operations 1o reduce
blocking artifacts in the coding blocks associated with a CU. Decoded picture buffer
116 may store the reconstructed coding blocks after filter unit 114 performs the one or
more deblocking oporations on the reconstructed coding blocks. Inter-prediction
processing unit 120 may use a reforence picture that containg the reconstructed coding
blocks to perform inter prediction on PUs of other pictures. In addition, intra-prediction
processing unit 126 may use reconstructed coding blocks in decoded picture buffer 116
0 perform intra prediction on other PUs in the same pictare as the CU.

{114} Entropy encoding unit 118 may receive data from other functional comaponents
of video encoder 20. For example, entropy encoding unit 118 may receive coefficient

blocks from quantization unit 106 and may receive ayntax elements from prediction
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processing unit 100. Entropy encoding unit 118 may perform one or more entropy
gncoding operations on the data to generate entropy-encoded data. For example,
entropy encoding unit ¥ may perform a context-adaptive variable length coding
{(CAVLC) operation, a CABAC operation, a variable-to-variable (V2V) length coding
operation, a syntax-based context-adaptive binary arithietic coding (SBAC) operation,
a Probability Interval Partitioning Entropy (PIPE) coding operation, an Exponential-
Golomb encoding operation, or another type of entropy encoding operation on the data.
Video encoder 20 may cutput a bitstream that inchudes entropy-encoded data generated
by entropy encoding unit 118, For instance, the bitstream may include data that
represends 3 RQT fora CUL

{#1158] FIG. 3 is a block diagram illustrating an example video decoder 3¢ that is
configured to implement the techniques of this disclosure. FIG. 3 is provided for
purposes of explanation and 1s not himiting on the techniques as broadly exemplified
and described in this disclosure. For purposes of ¢xplanation, this disclosure describes
video decoder 30 1o the comtext of HEVC coding. However, the techniques of this
disclosure may be applicable to other coding standards or methods. The bitsirearn may
also include syntax clements that are not entropy coded.

[6116] In the example of FIG. 3, video decoder 380 includes an entropy decoding unit
158, a prediction processing unit 152, an inverse quantization unit 154, an inverse
transforr processing unit 156, a reconstruction unit 15§, a filter unit 160, and a decoded
picture buffer 162, Prediction processing unit 152 inchudes a motion compensation unit
164 and an intra-prediction procossing unit 166, In othor examples, video decoder 30
may melude more, fewer, or different functional components,

i8117] Video decoder 39 may receive a bitstream.  Endropy decoding unit 150 may
parse the bitstream to obtain syntax elements from the bitstream. Entropy decoding unit
150 may entropy decode entropy-cncoded syntax cloments in the bitstream.  Prodiction
processing unit 132, inverse gquantization unit 154, mverse transform processing unit
156, reconstruction unit 152, and filter unit 160 may generate decoded video data based
on the syntax elements obtained from the bitstream.

{6118] The bitstream may comprise a series of NAL anits. The NAL anits of the
bitstream may fuchide coded shice NAL units. As part of decoding the bitstrear,
entropy decoding unit 150 may obtain and entropy decode syntax elements from the

coded shice NAL units. Fach of the coded stices may include a slice header and slice
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data. The slice header may coniain syntax elemenis pertaining to a slice. The syntax
clements in the slice header may inclhude a syntax element that identifics a PPS
associated with (i.e., applicable to) a picture that containg the slice.

{4119} In addition to obtaining syntax clements from the bitstream, video decoder 30
may perform a reconstruction operation on a CU. To perform the reconstruction
operation on a CU, video decoder 30 may perform a reconstruction operation on cach
TU of the CU. By performing the reconstruetion operation for each TU of the CU,
video decoder 30 may reconstruct residual blocks of the CU.

16126] As part of perforoing a reconstruction operation on a TU of a CU, inverse
guantization unit 154 may inverse quantize, i.¢., de-quantize, cocfficicnt blocks
associated with the TU. Inverse gquantization unit 154 may use a QP value associated
with the CU to determine a degree of quantization and, likewise, a degree of inverse
quantization for inverse quantization unit 154 to apply. That is, the compression ratio,
.c., the ratio of the number of bits nsed to represent original sequence and the
compressed one, may be controlled by adjasting the value of the QP used when
quantizing transform coefficienis. The compression ratio may also depend on the
method of entropy coding emploved, if any.

[#121] After inverse quantization unit 154 inverse quantizes a coefficient block, inverse
transform processing unit 156 may apply one or more inverse transforms to the
coefficient block in order to generate a residual block associated with the TU. For
exarmple, inverse transform processing unit 156 may apply an inverse DCT, an inverse
intcger transform, an inverse Karhuncn-Loove transform (KLT), an inverse rotational
fransform, an mverse divectional transform, or another inverse transform 1o the
coefficient block,

{8122} Ifa PU is encoded using intra prediction, intra-prediction processing unit 166
may perform intra prediciion to generate prodictive blocks for the PUL Intra-prediction
processing unit 166 roay use an intra prediction mode 1o geuerate the predictive huma,
Ch and Cr blocks for the PU based on the prediction blocks of spatially-neighboring
Pils. Intra-prediction processing unit 166 may determine the intra prediction mode for
the PU based on one or more syntax elements obtained from the bitstream.

{01231 When video decoder 30 begins decoding a current picture, prediction processing
unit 152 may determine reference picture subsets for the carrent picture based on syntax

elements in an SPS applicable to the current picture and syntax elements in a slice
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header of a slice of the current picture. The reference picture subsets for the current
picture may include RefPicSetSiCurtBefore, RefPicSetSiCurrAfter, RefPicSetSiFoli,
RefPicSetiiCurr, and RefPicSetLiFoll

[#124] One or more LTRP entries may be signaled in the slice header. The LTRP
entries may be signaled in the slice header using indexes and/or explicitly signaled in
the slice header. Hach of the LTRP cniries sigoaled in the slice header indicaies a
reference picture in a jong-term reference picture subset of the current picture (e.g.,
RetPicSetlCur and RetPicSetbaFoll). In accordance with one or more techniques of
this disclosure, two LTRP entrics signaled io the shice header cannot indicate that the
same reference picture is inchuded in the long-term reference picture set of the current
picture. For instance, when the set of one or more LTRP entries includes a first LTRP
entry indicating that a particular reference picture is in a Jong-term reference picture set
of the current picture, the set of one or more LTRP entries ncludes a second LTRP
entry only if the second LTRP entry docs not indicate that the particular reference
picture is in the long-term reference picture set of the current picture.

{8125 Prediction processing unit 152 may construct a first reference picture lst
{(RefPiclisth) and a second reference picture list (RefPiclistl ) based at least in part on
the reference pictures in decoded picture buffer 162 and the reference pictures in
RefPicSetStCurrBelfore, RefPicSetStCurrAfter, and RefPicSetltCurr, Furthermore, ifa
PU 8 encoded using inter prediction, entropy decoding unit 150 may extract motion
information for the PU. Motion compensation unit 164 may determine, based on the
maotion information of the PU, onc or more reference regions for the PUL Motion
compensation unit 164 may generate, based on samples blocks at the one or more
reference blocks for the PU, predictive luma, Chb and Cr blocks for the PUL

[$#126] Reconsiruction unit 158 may use the luma, Cb and Cr transform blocks
associated with TUs of a CU and the predictive oma, Cb and Cr blocks of the PUs of
the CU, i.e., either infra-prediction data ot lnter-prediction data, as applicable, 1o
reconstruct the fuma, Cb and Cr coding blocks of the CU. For example, reconstruction
anit 158 may add samples of the fuma, Ch and Cr transform blocks to comresponding
samples of the predictive tuma, Ch and Cr blocks to reconstruct the tuma, Ch and Cr
coding blocks of the CUL

{8127} Filter unit 160 may perform a deblocking operation to reduce biocking artifacts

associated with the fama, Cb and Cr coding bocks of the CU. Video decoder 30 may
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store the fuma, Cb and Cr coding blocks of the CU in decoded picture buffer 162.
Decoded picture buffer 167 may provide reference pictures for subsequent motion
compensation, intra prediction, and presentation on g display device, such as display
device 32 of FIG. 1. For instance, video decoder 306 may perform, based on the luma,
b and Cr blocks in decoded picture buffer 162, intra prediction or inter prediction
operations on PUs of other CUs. In this way, video decoder 30 may obtain, from the
bitstream, transform coefficient levels of the significant luma coefficient block, inverse
quantize the transform cocficient levels, apply & transform to the transform coefficient
levels 1o generate a transform block, generate, based at least in part on the transform
block, a coding block, and output the coding block for display.

{#128] FIG. 4 is a flowchart illustrating an example operation 200 of video encoder 20,
in accordance with one or more techniques of this disclosure. As shown in the example
of FIG. 4, video encoder 20 may generate an SPS (202). In addition, video encoder 20
may signal, in s slice header for a current slice of a current picture, a first LTRP entry
(204). The first LTRP entry indicates that a particalar reference picture is in a fong-
torm reference picture set of the current picture. Furthermore, video encoder 20 may
sigiral, in the slice header, a second LTRE entry only if second LTRP entry does not
indicate that the particular reference picture is in the long-term reference picture set of
the current picture (206).

{$129] In some examples, the SPS includes a set of one or more LTRP entries that
inchudes the first LTRP entry. In somo such exampiles, video encoder 20 generates the
SPS such that the SPS includces the first LTRP entry only if the SPS docs not alrcady
inchide a copy of the first LTRP eniry. That is, video encoder 20 may generate the SPS
such that the SPS conforms to a restriction that prohibits the SPS from including two or
more capics of the same LTRP entry. For instance, a bitstream may fail to pass a
bitstream conformance tost i the SPS includes two or more copics of the same LTRP
eniry,

18130 FIG. 5 is a flowchart illustrating an example operation 250 of video decoder 30,
in accordance with one or more techniques of this disclosure. As illustrated in the
example of FIG. 5, video decoder 30 may obtain, from a bitstream, an SPS that 1s
applicable to a current picture (232). In addition, video decoder 30 may obiain, from
the bitstream, a slice header of a current slice of the current picture (254). A set of one

or more LTRP entrics are signaled in the shce header. The set of one or more ETRP
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entries may include a first LTRP entry indicating that a particular reference picture 1s in
a long-term reference picture set of the current picture. Furthermore, the set of one or
more LTRE entries may include a second LTRP entry only if the sccond LTRP entry
does not indicate that the particelar reference picturs is in the long-term reference
picture set of the current picture.

{8131 Video decoder 30 may gencrate, based at least in part on the one or more LTRP
entries, a reference picture list for the current picture (256). In addition, video decoder
30 may reconstruct, based at least in part on one or move reference pictures in the
reference picture list for the current picture, the current picture (258).

{0132} In some cxamples, the SPS may include the first LTRP entry and the slice
header may include an index to the first LTRP entry. Furthermore, in some such
examples, the slice header may inclade the second LTRP entry only if the second LTRP
entry does not indicate that the particular reforence picture 15 1n the long-term reference
picture set of the current picture. For example, the slice header may be in compliance
with a restriction that prohibits the slice header from inchuding a particular LTRFP entry
if the slice header jucludes an index o an equivalent LTRP entry i the SPS. Thus, a
bitstream nray fail to satisfy a bitstream conformance test if the slice header inchudes a
particnlar LTRP entry and there is an equivalent LTRP entry in the 8PS, In this
exaraple, the particular LTRP entry includes a LSE syntax element and a usage syntax
clement. Furtherroore, in this example, the equivalent LTRP entry includes a LSB
syntax element that matches the LSB syntax element of the particular LTRP entry and
the equivalent LTRP entry inchudes a usage syntax clement that matches the usage
svitax element of the particular L'TRP.

8133} In other examples where the SPS includes the first LTRP entry, the SPS may
also include the second LTRP entry and the slice header may include an index to the
sceond LTRP entry only it the sceond LTRP entry does not indicate that the particular
veference picture s in the long-term reference picture set of the current picture.

8134] In some examples, the SPS may be in compliance with a restriction that
prohibits the SPS from mcluding two or more copies of the same LTRP entry. Thas, the
SPS is prohibited from imcluding two LTRP entries that have the same LS syntax
cleroents and usage flag syntax elements. Furthermore, the slice header may be in
compliance with a restriction that prohibits the slice header from including two indexes

to a single LTRP entry in the SPS. For example, if the 3PS includes an LTRP entry
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associated with the index “2,” the shee header cannot include the mdex value “27 more
than once,

#1357 In other examples, the slice header may include the first LTRP entry. In such
examples, the slice header may include the second LTRP entry only if the second LTRP
entry does not indicate that the particular reference picture 15 in the long-term reference
picture set of the curvent picture. Thus, the slice header may be in compliance with a
restriction that prohibits the slice header from including two LTRE entries that indicate
reference pictures having the same POC value.

16136] The following section describes changes o HEVC Working Drali 8 that joay
implement onc or more techniques of this disclosure. In the following scction, toxt
inserted into HEVC Working Draft 8 is shown below in italics and text removed from
HEVC Working Draft & is shown below as struck-through. Gther parts not mwentioned
below may be the same as in HEVC Working Drafi 8.

j0E37] Insection 7.4.2.2 of HEVC Working Dratt 8, the semantics for

used by curr pic It sps flagl i ] are modified as follows:

reference pichure specitfied in the sequence parameter set 15 not used for reference by a
picture that includes in its reference picture set the -th candidate long-term reference
picture specified in the sequence pararaeter set. For any { and j in the range of )

to num_long term _ref pics _sps — 1, inclusive, if' i is not equal o j and

It ref pic poc Isb_sps{ 1] is equai to It_ref pic_poc isb spsfj ], then

used by _cury_pic it sps flag{ i ] shall not be equal to

used

{8138} This modification to scction 7.4.2.2 of HEVC Worlang Diraft § may, in
accordance with one or more techniques of this disclosure, implement the restriction
that disallows a slice header from signaling {explicitly or indexed} duplicate LTRPs,
[8139] insection 7.3.5.1 of HEVC WD B, the slice header syntax may be modified

indicated in Table 3, below.
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TABLE 3: Slice header syntax

sbort_term_ref pic_set ixdx u(v}

if{ long_term_ref pics_present_iflag ) {

if{ num_Jlong term_ref pics_sps >0}

mum_leng_term_sps ue(v)

aum_leng term ples ue(vy

for{ i =0, 1< oum_Jong_tcou_sps + num_leng torm_pics; 1k )

i i <<yumn_long term sps )

it _idx sps|i] wv}
else |

poc_ b 161 ] v}

used_by_curr_pic B flag]{i] w iy
H
dela-pec-meb-present-Bagh+} -

i delta-—sac—pmash--srecent—faol i 13
H-Oe A PO Presei g+

delta poc msh evele It plusifi] ue{v)

N

This modification $o section 7.3.5.1 of HEVC WD & may, in accordance with one or
more techniques of this disclosure, implement the removal of the

delta poc_msh_present_flag[i] syntax element and the modification of the
delia_poc_msbh cvele It syntax element to cover all cases.

{0140 In section 7.4.5.1 of HEVC WD &, the slice header somantics may be modified

as follows:

poc_lsb ¥l 1 ] specifies the value of the least significant bits of the pichwe ovder count
value of the i-th long-term refercnce picture that is included io the long-term reference
micture set of the current picture. The length of the poc_lsb It] 1 ] syntax eloment is

fog2 max pic order cnt Isb minusd + 4 bits. For any valucs of j and k in the range of
num long term spsto num long term sps -+ nom long term pics — 1, inchusive, if i i3

tess than k, poc_isb U] i | shall not be less thanpoc _Isb W k1

used by _cury_pie ¥t flag] i ] equal 1o O specifies that the t-th long-term reference
picture included in the long-term reference picture set of the current picture is not used
for reference by the cwrent picture. For any value of | in the vange of 0

to num_long term_vef pics_sps — I, inclusive, if poc_Isb Ilt{ i ] equals
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it ref pic poc isb spsfj ], used by cwr pic It flugl 1] shidl not equal

7
i

used by _cury_pic ¥t sps fag{i].
The variables Poclsbla] i ] and UsedByCurrPiclt] 1] are derived as follows,
i ids less than num fong term sps, PocLsbLy 1| is set equal to
I ref pic poc Isb spsl B adx sps[i ] T and UsedByCurrPicla] 1 ] 18 set equal to
used by curr pie It sps flag[ It idx sps[i] ]
Gtherwise, PocLsbLif 1 ] is set equal to poc_Isb It 1 ] and UsedByCurrPicLif 1 |

is set equal to wsed by curr pic It flagfi L

delta poc msb cyele It plasi{ i ] minus I 18 used to determine the value of the most

signiticant bits of the picture order count value of the i-th long-term reference picture
that 13 mcluded in the Jong-term reference picture set of the current picture.
delta_poc_msb _cyele &t plusifi] shall be greater than U when there is more than one
reference picture in the decoded picture buffer, excluding rhose pictuves that are
signaled as shori-term reference picture jor the curvent picture, with picture order
count modulo MaxPicOrderCntlsh equal to PocLshLi] 1].

considered not signaled for the i-th long-term reference picture.
The variable DeltaPocMSBCyclelaf 1] 14s derived as follows.

if{i == 0 || i== num_long term sps || Poclsblgf1—1] 1=

Poclsbitfi])
DeltaPocMSBCyclelt[ t 1=delta poc msh cycle It plusifij -1

clse {7-33)
DeltaPoeMSBCyceielA] 1 [ =dcla poc msb cyele it plusi/i] -1+

DeliaPocMSBCyelel i i—1 ]



CA 02884446 2015-03-09

WO 2014/052123 PCT/US2013/060416

41

The value of DeltaPocMSBCyclelt] 1 ] * MaxPicOrderCntlsh + pic_order_ent_Ish —
PocLsbL] i ] shail be in the range of 1 10 27 — 1, inclusive. For { and j in the range of 0
to num long tevm sps + num_long term pics — 1, inclusive, if i is not equal to j and
Poclsbli] i [ is egual to PocLsblif ], DeltaPocMSBCyclelif i [ shail not be egual to

DeltaPocMIBCveielif § ]

S
b

16141} The modification to the semantics of the used_by_curr_pic It #lag[i] syniax
clement may, in accordance with one or more techniques of this disclosure, implement
the restriction that a slice beader shall not explicitly indicate an LTRP when an
applicable SPS indicates an equivalent LTRP, Furthermore, the changes shown sbove
to section 7.4.5.1 of HEVC Working Diraft 8 remove the semantics of the

delta poc_msb_present_flagli] syntax element, in accordance with one or more
techniques of this disclosure. Furthermore, the changes shown above to section 7.4.5.1
of HEVC Working Draft ¥ modify the semantics of the delta_poc_msh_cyele It syntax
clement 1 accordance with one or more techniques of this disclosare. In addition, the
clause “excluding those pictares that are signaled as shori-term reference picture for the
current picture” in the semantics for the delta_poc_msh_cyvele It plusi syntax elornent
may be part of the implementation of techniques of this disclosure for restricting video
encoder 20 from signaling the M3Bs of an LTRP when there are » (where n > 1)
reference pictures jo the DPB with the saroe L.SB and # — 1 of those reference pictures
are signaled as STRPs and the #-th picture is signaled as an LTRP. Furthermore, the
clause “for { and § in the ravge of § o num_long ferm sps + num long ferm pics— |,
inchusive, if i is not equal 10 j and PocLsbLa] i 11s equal to PoclabLi § 1,
DeltaPocMSBCycleld] 1 | shall not be equal to DeltaPocMSBCyelelt] | 17 may be part
of the implementation of the techniques of this disclosure that mandate that each LTRP
signaled in a shee header must refor to a distinet reforence picture among all the LTRPs
signaled in the slice header.

{8142] In alternative examples, the slice header semantics may be the same as those
shown in the example above, except that the clause “for i and j in the range of § to
num_long term sps + num long term pics — 1, inchusive, if 1 18 not equal to § and
Poclsbit] 1] 1s equal to Poclsblt] 11, DehaPocMSBCyclelt] i 1 shall not be equal to
DeltaPocMSBCyelelt] § 1.7 is omitted from the semantics of the

delta poc msb cyele It plustii] syntax clement.
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[6143] Insection 8.3.2 of HEVC Working Draft §, the decoding process for 8 reference

picture set may be modified as follows:

Five lists of picture order count values are constructed to derive the
reference picture set; PocStCurrBefore, PocStCurrAfter, PocStboll, PocLiCury,
and PocLtFoll with NumPocStCurrBefore, NumPocStCurrAfter,
NumPocStFoll, NumPocltCurr, and NumPocltFoll number of elements,

respectively,

1f the current picture is an DR picture, PocStCurrBefore, PocStCurrAfier,
PocStFoll, PocltCuwr, and PocliFoll are all set to empiy, and
NumPocStCurrBefore, NumPocStCarrAfter, NumPocStEFoll,

NumPocLtCurr, and NumPocLtFoll are all set to 0.

Otherwise, the following applics for derivation of the five lists of picture

arder count values and the numbers of entries.

— for(i=0, =0,k =0; 1 < NumNegativePics[ StRpsldx ]; i++)
if{ UsedByCurrPic30] StRpsidx [ i1 1)
PocStCurrBefore] 34+ | = PicOrderCutVal +
DeltaPocSO[ StRpslds [ 1]
olse
PoeSiFoll] k++ | = PicOrderCntVal + DeltaPocSO{ StRpsldx j[ 1]

NumPocStCurrBefore = §

for{ i=0, j=0; i < NumPositivePics] StRpsldx ]; i++ )
i UsedByCurPics1[ StRpsidx 1[i 1) (A)
PocStCurrAfter] i+ 1= PicOrderCntVal + DeltaPocS1[ SiRpsldx ) 1]
olse
PocStFoll] k++ | = PicOrderCntVal + DeltaPocS1{ StRpsldx }[ 1 ]
NumPocStCurrAfter =
NumPocStFoli=k
(8-5)

for{i=0, =90, k=01 <num long term sps+nam long torm pics;
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Py
pocht = Poclabidf i ]

ifl delta poc _msh pres

pocLt += PicOrderCntVal — DeltaPocMSBCyclelt i ] *
MaxPicOrderCnilsh — pic_order cnt Ish

i UsedByCurrPiclt] i 1) ¢

PocLtCurr| § | =pockt

CurrbDeltaPocMsbPresentFlagl j++ ] ={

delia_poc rasb preseniHascyele I plusifi]> 0)
$else {
PocLtFollf k ] =poclt (B

FollDeltaPocMsbPresentFlag] ki+ | = (
delta poc msh_present—flascyvele It plusifi] > 0)
;

3
5

WNomPocliCurr =

NumPocLtFoll = k

where PicOrderCntVal is the picture order count of the current picture gs

specified in subclause 8.3.1.

NOTE2~A wvalue of S5fRpsidx in the range from § to
num_short term ref pic sets — 1, inclusive, indicates that a shori-term
reference picture set from the active sequence parameter set is being used,
where StRpsldx is the index of the short-term reference picture set to the Hst
of shori-term reference picture sets tn the order in which they are signaled i
the sequenceparameter set. StRpsldx equal to num_short term_ref pic sets

indicates that & short-term reference picture set explicitly signaled in the

shice header is being used.
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The reference picture set coosists of five lists of reference picture
entries;  ReiPicSetStCurrBetore, RefPicSetStCurrAfier,  RefPicSetSiFoll,
RetPicSetLtCurr and RefPicSetLtFoll. The variable NumPocTotallurr 18 set

equal to NumPocStCurrBefore + NumPocStCuorrAfter + NurnPocLtCurr,

It is a requirement of bitstrears conformance that the following applies

1o the value of NumPocTomiCurr:

— I the current picture i a BLA or CRA picture, the value of

NumPocTotalCurr shall be equal 0 0.

-~ Otherwise, when the current picture contains a P or B shice, the valuc of
NumPocTotalCurr shal not be equal to ¢
—  NOTE 3 — RetPicSetStCurrBefore, RefPicSetStCurrAfter and
RefPicSetlACurr contains all reference pictures that may be used o inter
prediction of the current picture and that may be used in inter prediction of
one or more of the pictures following the current picture in decoding order.
RefPicSetStFoll and RefPicSetLiFoll consists of all reference pictures that
are not used in inter prediction of the current picture but may be used
(D)
inter prediction of one or more of the pictures following the cwrrent picture
in decoding order.
The derivation process for the reference picture set and picture marking
are performed according to the following ordered steps, where DPB refers to

the decoded picture butfer as described in Annex C:
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1. The followmg applics:

for( 1= 0; 1 < NumPocLtCurr; i++ )

il 1CurreltaPocMsbPresentFlag{ 1 ] )
if{ there is 2 lone-temn reference picture picX in the DPB {Ed-¢tdB&:

4 . O 3

with pic_order cnt lsh equal to PocLtCurr[ 1 ]
and with PicOrderCniVal not in any of PocStCurrBeforef §,
PocStCurrdfier] [, and PocStFollf ]
RefPicSetlaCun[ 1 1 =picX

--------- else-if-there-is-ashort-term reference picture pic¥Y-in the DPEB

clse

RetfPicSetLiCurr| & |= "no reference picture”
{ there is a leng—tessn roference picture picX in the DPB
with PicOrderCntVal equal to PocliCurr{ 1 ])

RefPicSetiaCuar] 1 | =picX

else

RefPicSetiACurr| i | = "no reference picture”

(8-6)
for 1= 0; 1 < NumPocLiFoll; i++ )
f{ (FollDeltaPocMsbPresentFlagf i |)
f{ there is & esstessn referonce picture picX in the DPRB
with pic_order_cnt Ish egual to PocLtFollf 1]
and with PicOrderCntVal not in any of PocStCurvBefore! ],

PocStCurrAfter] [, and FocStFolll 1)
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RefPicSetliFoll] 1 ] = picX

else

RetPicSetLiFoll] 1 1= "no reference picture®
olse
f{ there ts & eng-terss reference picture pieX in the DPPR with
PicOrderCntVal to PocltFolif 1 1)
RetPicSetltFoli 1 ] =picX

else

RefPicSetLiFoll{ 1 ] = "no reference pictare”

2. All reference pictures included in RefPicSetlACurr and RefPicletLtFoll
.

arc marked as "used tor long-term reference”, and the following

COnSIraints appiy.

Foreach i in the range of 0 to NumPocltCurr — 1, inclusive, it is

& requirement of bitstream conformanice that the following conditions

appiv:

o There shall be no j in the vange of  to
NumPocStCurrBefore — 1, inclusive, for which FicOrderCntVal
of RefPicSerliCurr{ i ] is egual to PocStCurrBeforef | 1.

o There shall be no j in the range of U to NumPocSiCurrdfier — 1,
inclusive, for which PicOrderCnr¥Val of RefPicReiLiCurvf 1 ] is
equal to PocStCurrAfier] ] |.

o There shail be no j in the range of 0 to NumFocSiFoli — 1,

inclusive, for which PicOrderCntVal of RefPicSerirCurrf i [ is

equal to PocStFolif 7 1.
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For each i in the range of O to NumPocliFoll — I, inclusive,
when RefPicSetltFoll] i ] is not equal to “no refevence picture”, it is ¢
requirement of hitstream conformance thai the joliowing couditions

appiy:

o There shall be no j in the range of 0 to
Num PocStCurrBefore — 1, inclusive, for which PicCrderCntVal
of RefPicSetlaFolif | | is equal to PocStCurrBeforel 7 1.

o There shall be no j in the range of 0 to NumPocStCurrdfter — 1,
inclusive, for which PicOrderCatVal of RefPicSetiiFolif i ] is

equad to PocStCurrdfier] j 1.

¢

There shall be no j in the range of (0 to NumPocStFoll — |,
. ., . -~ . . {(E}
inclusive, for which PieOvderCri¥Vol of RefPicSetLiFolif i ] is .

equal to PocStFolif 7 .
3. The following applies:

for( i = 0; i < NumPocStCurrBetore; i++ )
ff there is a short-termm reference picture picX in the DPB
with PicOrderCntVal equal to PocStCurrBefore] 1 )
RetPicSetStCarrBefore] 1 | = picX
else

RefPicSetStCurrBefore] 1 | = "no reference picture”

— for{ 1 =0; 1 < NumPocStCurrAfier; i++ )
iff there is a short-term reference picture picX in the DPB
with PicOrderCntVal equal to PocStCurrAfter 1 )
RetPicSetStCurrAfter] 1 | = picX
olse
RefPicSetStCurrAfter] 1 | = "no reference picture”
(8-7)

- for{ 1= {; 1 <NumPocSiFoll; v+ )

i there 18 4 short-term reference picture picX in the DPRB
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with PicOrderCntVal equal 1o PocStFoll 1 [
RefPicSetStFoll 1 ] = picX
clse

RefPicSetStFolli 1 1= "no reference picture”

4. All reference pictures in the decoded picture butffer that are not included
in RefPicSetlaCuarr, RefPicSatLtFoll, RefPicSetStCurrBefore,
RefPicSetStCurrAfter or RefPicSetStFoll are roarked as Munused for
reference™.

NOTE 4 - There may be one or more refersnes-pigtires-that-are
wmetaded enries in the reforence picture set but equal 1o “no reference
piciure” because the corvesponding pictures are not present in the
decoded picture buffor, Entrics in RefPicSetStFoll or RefPicSctltFoli
that are equal to "uno reference picture”™ should be ignored. An
unintentional picture loss should be ioferred for cach entry in
RefPicSetSiCurrBefore, RetPicSetStCurr Afier ad or
RefPicSetbtCurr that is equal to "no reference picture™.

It is a requirerent of bitstream conformance that the reference picture

set is resiricted as follows:
—  There shall be no entry in RefPicSetStCunrBelore, RefPicSetSiCurrAfter or

RefPicSetLiCurr for which one or more of the following are true.

—  The entry is equal to "no reference picture”.

— The entry 18 a picture that has nal unit type equal to TRAIL N,
TSA W or STSA N and Temporalld equal to that of the current
picture.

The entry is a picture that has Temporalld greater than that of the
current picture.
—  When the current picture is a TSA pictare, there shall be no picture included

i the reference picture set with Temporalld equal to or greaier than thar

the-Temperattd of the current picture.



CA 02884446 2015-03-09

WO 2014/052123 PCT/US2013/060416

When the current picture is an STSA picture, there shall be no picture
included in RefPicSetStCurrBefore, RefPicSetStCarrAflier or

RefPicSetLiCury that has Temporalld equal 1o that of the current picture.

—  When the current picture 18 g picture that follows, in decoding order, an
STSA picture that has Temporalld equal to that of the current picture, there
shall be no picture that has Temporalld equal to that of the current picture
neluded in RetPieSctStCarrBetore, RetPehetStCarrAfter oF
RefPicSetltCurr that preseded precedes the STSA picture in decoding

order.

When the current picture is a CRA picture, there shall be no picture
inchuded in the reference picture set that precedes, in decoding order, any
preceding RAP picture in decoding order (when present).

—  When the corrent picture is a trailing picture, there shall be no picture in
RefPicSetStCunrBefore, RefPicSetStCurrAtter or RefPicSetLiCurr that was
generated by the decoding process for gencrating unavailable reference
pictures as specified in subclause 8.3.3.

When the current picture is a trailing picture, there shall be no picture in the
reference picture set that precedes the associated RAP picture in ountput
order or decoding order.

When the current picture 18 4 DLP picture, there shall be no picture included
in RefPicSetStCurrBefore, RefPicSetStCurrAfter or RefPicSetLiCurr that is

any of the following tvpes of pictures,
— A TFD picture.
A picture that was gencrated by the decoding proccess for gencrating
unavailable reference pictures as specified in subclause 8.3.3.
— A picture that precedes the associated RATD picture in decoding
order.
—  When the sps_teroporal 1d nesting flag is equal to 1, the following applics.

Let tldA be the value of Temporald of the current picture picA. Any
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picture picB with Temporalld equal to t1dB that is less than or equal to UdA
shall not be ncluded in RefPicSetSiCurrBefore, RefPicSetStCurrAfter and
or RefPicSetlitCurr of picA when there exists a picture picC with
Temporalld equal to tIdC that is less than tidB, which follows the pictare
picB in decoding order and precedes the picture picA in decoding order.

—  NOTE 5 — A picture cannot be incladed in more than one of the five

reference picture set Hsts.

—  For any two different values of idxA and idxB in the range of 0 to
num_short_term_ref pic sets, inclusive, one or more of the following shall
he true.

—  NumNegativePios{ idxA ] is noi equal to NumNegativePics[ idxB ].

—  NumbPositiveFPics| ideA ] is not equald to NumPositivePics] ideBS ],

—  When NumNegativePicsf idxA | and NumPogsitivePics{ idxd ] equal
NumNegativePicsf idxR | and NumPositivePics{ idx8 |,

respectively, there exists either an i in the wvange of 0 to

NumNegaiivePics{ idx8 | - 1, inclusive, Jor which
{IsedByCrurvPicSOf idxA 1{i] is net eqiai 1o

Used ByCurrPieS0] idxR [/ 1] or DeltaPocS0fidxA JIi] is not

equal to DeltaPocSO] idxB 11 1 ], or there exists a § in the vange of §

to NumPositiveFics{ ideB [ - 1, inclusive, Jor which
Used ByvCurrPicS1] idx4 ] 7] is Hot equal to

UsedByCurrPicSI[ idxB ] ] or DeltaPoc¥ifidxd j{i] is wnot

equal to DeltaPocSIf idxB [ ] [, or both such i and j.

NQOTE — No two short-term reference picture set candidates
signaded in the yequence parameter set can be identical, and u short-
ferm reference picture sei pattern cannot be explicitly signaled in the
slice header if an identical candidate is present in the candidate list

in the sequence parameter sel.

Alternatively, the following condition is added to reference picture set
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derivation process.

— For each i in the range of 0 to NumPocliFoll -1, inclusive, when
RefPicSetleFollf i] is not equal to “no reference picmure”, &t is a
requiremeni of bitstream conformance thai there shall be no j in the range
of 0 to NumPocLiCurr— 1, inclusive, for which PicOrderCrt¥al of

RefPicSetltFolll i ] is equal to PicOrderCntVal of RefFPicSetLaCurr{ j .

{8144} The modification labeled {A) in section 8.3.2 of HEVC Working Draft & may be
part of the implementation of the technigues of this disclosure for removing the
delia_poc msbh present flagli] syntax clement and modifying the

delta poc_msb_cyele 1t[i] syntax element to cover all possible cases (i.e.,, both the case
where MSBs of a POC value are signaled and where MSBs of a POC value are not
signaled). The modifications labeled (B), (C), (D), and (F) may be part of the
implementation of the tochniques of this disclosure for restricting video encoder 20
from signaling the MSBs of an LTRP when there are » (where # > 1) reference pictures
in the DPB with the same LSBs and # — 1 of those reference pictures are signaled as
STRIs and the s-th picture is signaled as an LTRP,

#2145} The modification labeled (E) above may be part of the implementation of the
cechniques of this disclosure for restricting video encoder 20 such that no two STRP
candidates that are signaled in the SPS are identical, and a STRPS pattern shall not be
explicitly signaled in the slice header if an identical pattern is signaled amoung the short-
term RPS candidates in the SPS.

[8146] In some examples, clement 2 in the decoding process for a reference picture set

shown above may be replaced with the following:

2. All reference pictures inciuded in RetPicSetLiCurr and RefPicSetLtFoll are
marked as "used for long-term reference”, and the following constrainis apply.
For each 1 in the range of 0 to NumPocLiCurr - 1, inclusive, it is «

requirement of bitstream conformance that the following conditions apply:
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There shall be no § in the range of 0 1o NumPocStCurrBefore — 1,
inclusive, for which PicOrderCatVal of RefPicSetfsCurrf 1 [ is equal to

PocSiCurrBeforef j {.

There shall be no j in the range of (0 to NumPocStCurrdfier — 1,
inclusive, jor which PicOrderCnilal of RefPicSetleCurvf 1 | is equal to
FPocStCurvAfier{ j ].

There shall be no j in the range of U to NumPocStFoll — 1, inclusive, for

o

which PicOrderCnitVal of RepPicSetlaCurv{ i ] is equal to PocStFolif .

There shafl be no j in the range of @ to NumPocliCurr — Linclusive,
where § is not equad to 8, for which PicOrderCntVeal of
RefPicSetaCurr{ § § is equal to PlicOrdorTntyal of
RefPicSestlurrf § [

Iy

For each i in the range of 0 10 NumPocliFoll — I, inclusive, when

RefPicSetLiFollf i ] is not equal to “no reference picture,” it is a requivement of

bitstream conformance that the following conditions apply:

(8]
()

-
1]

There shall be no j in the range of 0 to NumPocStCurrBefore — 1,
inclusive, for which PicOrderCniVal of RefPicSetieFollf i ] is equal 1o

FocStCurrBeforef j ].

There shall be no j in the range of 0 to NumPocStCurrdfier — 1,
inclusive, for which PicOrderCrniVai of RefPicSetltlolif i ] is equal to

FPockiCurrAfter] § .

There shall be no j in the range of U to NumPocSiFoll — 1, inclusive, for

which FicOrderCntVal of RefPicSetLiFollf i ] is egual to PocStFalif i ].

Therve shall be no j in the range of § fo NumPocliCury — Linciusive,
for which PicQrderCatVal of RefPicSetltFoll{i] is equal to
PicOrderCnt¥al of RefPicKetltCurrf § ]

Fheve shall be no § in the range of § to NumPocliFoll - [ inclusive,
where § is not equal to | and RefPicSatliFollf j [ is not equal to “ne
veference picture”, for which PicOrderCniVal of RefPicSetLeFollf i ] is
egual to PicOrderCniVal of RefPicketLieFollf j |
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{6147 The clauses shown in bold utalics above are clauses that are not in the example
decoding process for reference picture sets shown above. The clauses shown in bold
italics above may mandate that each LTRP that is signaled {explicitly or indexed) in the
slice header must refer to a distinet reference picture among all the LTRPs that are
signaled (explicithy or indexed) n the shice header.

[0148] In an alternative example, the clause “For cach 1 in the range of G 1o
MomPocltFoll — 1, inclusive, when RefPicSetLtFoll] 1 1 is not equal to “no reference
picture,” it is a requirernent of bitstream conformance that there shall be no j in the range
of O to NumPocltCurr — 1, inclusive, for which PicOrderCntVal of RefPicSetitFoll 1 |
is equal to PicOrderCntVal of RefPicSetLiCury| | 17 may be omitted from the example

above and replaced by the following:

Alternatively, in the derivation of DeltaPocMSBCyclelt] 1] in Egn 7-33,
“delia_poc mshb eyele It plusi[ 1] 17 18 replaced with “Max{ 0,
defta poc msh cycle &t plasii i ]— 1) The resultant derivation of

DeltaPocMSBCyclel ] 1 ] is given below.
The variable DeltaPocMSBCyclelt] 1 | is derived as follows,

ifli == 0] 1== oum _long tevm sps || Poclsbig{i—1] 1=
PocLsblt{ i])
DeltaPocMSBCyceleLt] 1 = Maxy 0, delta poc msb cyele W plusi/if 1)
clse {7-33}
DeltaPocMSBCyelel [ t = Maxy 0, delta_poc_msb eycle U plusijij—1)

+ DeltaPocMSBCyclelt] 1 -1 ]

The exampie method of determining DeltaPocMSBCyelebt[i] may be part of the
implementation of removing the delta_poc_msh_present flag{i] syntax element and
modifying the delia_poc_msb_cyele 1] syntax clement 1o cover all possible cases
(i.¢., both the casc where MSBs of a POC value are signaled and where MSBs of 3 POC
value arg not signaled).

[8149] In one or more examples, the functions described may be implemented in

hardware, software, firmware, or any combination thereof. If fmplemented in software,
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the functions may be stored on or wansmitted over, as one or more instructions or code,
a compuier-readable medivm and executed by 8 hardware-based processing uunit,
Computer-readable media may include computer-readable storage media, which
corresponds {0 a tangible medivm such as data storage media, or communication media
including any medium that {acilitates transfer of a computer program from one place to
another, ¢.g., according to 4 coramunication protocol. In this manner, computcr-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {2} & communication medium such as a signal or
carricr wave, Data storage media may be any available media that can be accessed by
OHE OF MOTe COMPuiers oF ONE OF MOTS PIOcessors to refrieve instructions, code and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may include a computer-readable medium,

{8150] By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medinm that
can be used 1o store desired program code in the form of instructions or data struchures
and that can be accessed by a computer. Also, apy connection is properly termed a
computer-readable medium. For example, if instructions are transmitted froma
website, server, or other romote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
echnologies such as intrared, radio, and microwave are included 1 the definstion of
medium, it should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transient
media, but are instead direcied to non-transient, tangible storage media. Disk and disc,
as used herein, inchudes compact disc {CB), laser dise, optical dise, digital vorsatile 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 compuier-readable media.

{6151 Instructions may be execated by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits {ASICs), field programmable logic arrays (FPGAS), or other

equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
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used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided 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.

16152} The technigues of this disclosure may be implemented in a wide variety of
devices or apparatuses, inchuding a wireless handset, an integrated cirenit (IC) or 3 set of
ICs {e.g., a chip sel). Various components, modules, or unis are described in this
disclosure to craphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a ¢odec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable sottware and/or firmware,
[8153] Various exarsples have been desceribed. These and other examples are within the

scope of the following claims,
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CLAIMS:

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

obtaining, from a bitstream that includes encoded video data, a sequence

parameter set (SPS) that is applicable to a current picture of the video data, wherein:

a set of reference pictures for the current picture consists of the following
reference picture subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter,
RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in
RefPicSetLtCurr and RefPicSetLtFoll being long term reference pictures (LTRPs), and

the SPS includes a first set of one or more LTRP entries that refer to one or
more reference pictures,

obtaining, from the bitstream, a slice header of a current slice of the current

picture, wherein:

the slice header signals one or more LTRP entries that are in the first set of
LTRP entries by including one or more indexes that identify LTRP entries in the SPS,

the slice header explicitly signals a second set of one or more LTRP entries by
including the second set of one or more LTRP entries in the slice header,

each respective LTRP entry of the first and second sets of LTRP entries is a
tuple consisting of a first syntax element and a second syntax element, the first syntax
element indicating least significant bits of a Picture Order Count (POC) value of a
respective LTRP of the LTRPs, the second syntax element indicating whether the
respective LTRP is used for reference by the current picture, and

the slice header is in compliance with a restriction that prohibits the slice
header from signaling two LTRP entries referring to the same reference picture;

storing one or more of the reference pictures in a decoded picture buffer, the

one or more reference pictures comprising video blocks; and

performing, based on the video blocks of the one or more reference pictures

stored in the decoded picture buffer, prediction of the video data.
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- 2. The method of claim 1, wherein the SPS includes a first LTRP entry and the

slice header includes a second LTRP entry only if the second LTRP entry does not indicate
that a reference picture referred to by the first LTRP entry is in a long-term reference picture

set of the current picture.

3. The method of claim 1, wherein:

the SPS includes a first LTRP entry and a second LTRP entry,

the slice header includes an index that identifies the first LTRP entry, and

the slice header includes an index to the second LTRP entry only if the second
LTRP entry does not indicate that a reference picture referred to by the first LTRP entry is in

a long-term reference picture set of the current picture.

4. The method of claim 1, wherein the SPS is in compliance with a restriction that

prohibits the SPS from including two or more copies of the same LTRP entry.

5. The method of claim 1, wherein the slice header is in compliance with a
restriction that prohibits the slice header from including two indexes to a single LTRP entry in

the SPS.

6. The method of claim 1, wherein, for each respective LTRP entry in the SPS,
the slice header does not include an LTRP entry matching the respective LTRP entry in the
SPS.

7. The method of claim 1, wherein the SPS includes a first LTRP entry and the
slice header is in compliance with a restriction that prohibits the slice header from including a

second LTRP entry if the slice header includes an index to an equivalent LTRP entry in the

- SPS, wherein the second LTRP entry includes a least-significant bits (LSB) syntax element

and a usage syntax clement, and the equivalent LTRP entry includes a LSB syntax element
that matches the LSB syntax element of the second LTRP entry and the equivalent LTRP

entry includes a usage syntax element that matches the usage syntax element of the second
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LTRP entry, wherein the LSB syntax element of the second LTRP entry and the LSB syntax
element of the equivalent LTRP entry indicate LSBs of picture order count (POC) values, and
wherein the usage syntax element of the second LTRP entry and the usage syntax element of
the equivalent LTRP entry indicate whether reference pictures are used for reference by the

current picture.

8. The method of claim 1, wherein the slice header includes a first LTRP entry

indicating that a particular reference picture is in a long term reference picture set of the

~ current picture and includes a second LTRP entry only if the second LTRP entry does not

indicate that the particular reference picture is in the long-term reference picture set of the

current picture.

9. The method of claim 1, wherein the slice header is in compliance with a
restriction that prohibits the slice header from including two LTRP entries that indicate

reference pictures having the same POC value.

10. The method of claim 1, wherein the slice header is in compliance with a
restriction that prohibits the RefPicSetLtCurr from including two reference pictures with the
same POC value, a restriction that prohibits the RefPicSetLtFoll from including two reference
pictures with the same POC value, and a restriction that prohibits the RefPicSetLtCurr and the

RefPicSetLtFoll from including reference pictures with the same POC value.

11. A video decoding device comprising:
a decoded picture buffer; and
one or more processors configured to:
obtain, from a bitstream, a sequence parameter set (SPS) that is applicable to a
current picture of video data, wherein:
a set of reference pictures for the current picture consists of the
following reference picture subsets: RefPicSetStCurrBefore,

RefPicSetStCurrAfter, RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll,
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reference pictures in RefPicSetLtCurr and RefPicSetLtFoll being long term
reference pictures (LTRPs), and

the SPS includes a first set of one or more LTRP entries that
refer to one or more reference pictures,
obtain, from the bitstream, a slice header of a current slice of the current

picture, wherein:

the slice header signals one or more LTRP entries that are in the
first set of LTRP entries by including one or more indexes that identify LTRP
entries in the SPS,

the slice header explicitly signals a second set of one or more
LTRP entries by including the second set of one or more LTRP entries in the
slice header,

each respective LTRP entry of the first and second sets of LTRP
entries is a tuple consisting of a first syntax element and a second syntax
element, the first syntax element indicating least significant bits of a Picture
Order Count (POC) value of a respective LTRP of the LTRPs, the second
syntax element indicating whether the respective LTRP is used for reference by
the current picture, and

the slice header is in compliance with a restriction that prohibits
the slice header from signaling two LTRP entries referring to the same
reference picture;
store one or more of the reference pictures in the decoded picture buffer, the

one or more reference pictures comprising video blocks; and

perform, based on the video blocks of the one or more references pictures

stored in the decoded picture buffer, prediction of the video data.

The video decoding device of claim 11, wherein the SPS includes a first LTRP

entry and the slice header includes a second LTRP entry only if the second LTRP entry does

not indicate that a reference picture referred to by the first LTRP entry is in a long-term

reference picture set of the current picture.
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13. The video decoding device of claim 11, wherein:

the SPS includes a first LTRP entry and a second LTRP entry,

the slice header includes an index that identifies the first LTRP entry, and

the slice header includes an index to the second L TRP entry only if the second
LTRP entry does not indicate that a reference picture referred to by the first LTRP entry is in

a long-term reference picture set of the current picture.

14. The video decoding device of claim 11, wherein the SPS is in compliance with

a restriction that prohibits the SPS from including two or more copies of the same LTRP

- entry.

15. The video decoding device of claim 11, wherein the slice header is in
compliance with a restriction that prohibits the slice header from including two indexes to a

single LTRP entry in the SPS.

16. The video decoding device of claim 11, wherein, for each respective LTRP
entry in the SPS, the slice header does not include an LTRP entry matching the respective

LTRP entry in the SPS.

17. The video decoding device of claim 11, wherein the SPS includes a first LTRP
entry and the slice header is in compliance with a restriction that prohibits the slice header

from including a second LTRP entry if the slice header includes an index to an equivalent

- LTRP entry in the SPS, wherein the second LTRP entry includes a least-significant bits (LSB)

syhtax element and a usage syntax element, and the equivalent LTRP entry includes a LSB
syntax element that matches the LSB syntax element of the second LTRP entry and the
equivalent LTRP entry includes a usage syntax element that matches the usage syntax element
of the second LTRP entry, wherein the LSB syntax element of the second LTRP entry and the
LSB syntax element of the equivalent LTRP entry indicate LSBs of picture order count (POC)

values, wherein the usage syntax element of the second LTRP entry and the usage syntax
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element of the equivalent LTRP entry indicate whether reference pictures are used for

reference by the current picture.

18. The video decoding device of claim 11, wherein the slice header includes a

first LTRP entry indicating that a particular reference picture is in a long term reference

~ picture set of the current picture and includes a second LTRP entry only if the second LTRP

entry does not indicate that the particular reference picture is in the long-term reference

picture set of the current picture.

19. The video decoding device of claim 11, wherein the slice header is in
compliance with a restriction that prohibits the slice header from including two LTRP entries

that indicate reference pictures having the same POC value.

20. The video decoding device of claim 11, wherein the slice header is in
compliance with a restriction that prohibits the RefPicSetLtCurr from including two reference
pictures with the same POC value, a restriction that prohibits the RefPicSetLtFoll from
including two reference pictures with the same POC value, and a restriction that prohibits the
RefPicSetLtCurr and the RefPicSetLtFoll from including reference pictures with the same
POC value.

21. The video decoding device of claim 11, wherein the video decoding device
comprises at least one of:

an integrated circuit;

a microprocessor; or

a wireless communication device.

22. The video decoding device of claim 11, further comprising a display
configured to display decoded video data.

23. A video décoding device comprising:
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means for obtaining, from a bitstream, a sequence parameter set (SPS) that is

applicable to a current picture of video data, wherein:

a set of reference pictures for the current picture consists of the following
reference picture subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter,
RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in
RefPicSetLtCurr and RefPicSetLtFoll being long term reference pictures (LTRPs), and

the SPS includes a first set of one or more LTRP entries that refer to one or
more reference pictures,

means for obtaining, from the bitstream, a slice header of a current slice of the

current picture, wherein:

the slice header signals one or more LTRP entries that are in the first set of
LTRP entries by including one or more indexes that identify LTRP entries in the SPS,

the slice header explicitly signals a second set of one or more LTRP entries by
including the second set of one or more LTRP entries in the slice header,

each respective LTRP entry of the first and second sets of LTRP entries is a
tuple consisting of a first syntax element and a second syntax element, the first syntax
element indicating least significant bits of a Picture Order Count (POC) value of a
respective LTRP of the LTRPs, the second syntax element indicating whether the
respective LTRP is used for reference by the current picture, and

the slice header is in compliance with a restriction that prohibits the slice
header from signaling two LTRP entries referring to the same reference picture;

means for storing one or more of the reference pictures in a decoded picture

buffer, the one or more reference pictures comprising video blocks; and

means for performing, based on the video blocks of the one or more reference

pictures stored in the decoded picture buffer, prediction of the video data.
24, A non-transitory computer-readable storage medium having instructions stored

thereon that, when executed by a video decoding device, configure the video decoding device

to:
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obtain, from a bitstream, a sequence parameter set (SPS) that is applicable to a
current picture, wherein:
a set of reference pictures for the current picture consists of the following
reference picture subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfier,
5 RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in
RefPicSetLtCurr and RefPicSetLtFoll being long term reference pictures (LTRPs), and
the SPS includes a first set of one or more LTRP entries that refer to one or
more reference pictures,
obtain, from the bitstream, a slice header of a current slice of the current
10 picture, wherein:
the slice header signals one or more LTRP entries by including one or more
indexes that identify LTRP entries in the SPS,
the slice header explicitly signals a second set of one or more LTRP entries by
including the second set of one or more LTRP entries in the slice header,
15 each respective LTRP entry of the first and second sets of LTRP entries is a
tuple consisting of a first syntax element and a second syntax element, the first syntax
element indicating least significant bits of a Picture Order Count (POC) value of a
respective LTRP of the LTRPs, the second syntax element indicating whether the
respective LTRP is used for reference by the current picture, and
20 the slice header is in compliance with a restriction that prohibits the slice

header from signaling two LTRP entries referring to the same reference picture;
store one or more of the reference pictures in a decoded picture buffer, the one
or more reference pictures comprising video blocks; and
perform, based on the video blocks of the one or more reference pictures stored

25 in the decoded picture buffer, prediction of the video data.

25. A method of encoding video data, the method comprising:
encoding video data, wherein:
a set of reference pictures for a current picture of the video data consists of the

30 following reference pictures subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter,
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RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in
RefPicSetLtCurr and RefPicSetl.tFoll being long term reference pictures (LTRPs),

encoding the video data comprises:

including, in a bitstream, a sequence parameter set (SPS) that is
applicable to the current picture;
including, in the bitstream, a slice header of a current slice of

the current picture,

the SPS includes a first set of one or more LTRP entries that refer to one or
more reference pictures,

the slice header signals one or more LTRP entries that are in the first set of
LTRP entries by including one or more indexes that identify LTRP entries in the SPS,

the slice header explicitly signals a second set of one or more LTRP entries by
including the second set of one or more LTRP entries in the slice header,

each respective LTRP entry of the first and second sets of LTRP entries is a
tuple consisting of a first syntax element and a second syntax element, the first syntax
element indicating least significant bits of a Picture Order Count (POC) value of a
respective LTRP of the LTRPs, the second syntax element indicating whether the
respective LTRP is used for reference by the current picture, and

the slice header is in compliance with a restriction that prohibits the slice
header from signaling two LTRP entries referring to the same reference picture; and

outputting the encoded video data.

26. The method of claim 25, wherein the SPS includes a first LTRP entry and the
slice header includes a second LTRP entry only if the second LTRP entry does not indicate
that a reference picture referred to by the first LTRP entry is in a long-term reference picture

set of the current picture.
27. The method of claim 25, wherein:

the SPS includes a first LTRP entry and a second LTRP entry,
the slice header includes an index that identifies the first LTRP entry, and
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the slice header includes an index to the second LTRP entry only if the second
LTRP entry does not indicate that the particular reference picture is in a long-term reference

picture set of the current picture.

28. The method of claim 25, wherein the SPS includes a particular LTRP entry
only if the SPS does not already include a copy of the particular LTRP entry.

29. The method of claim 25, wherein the SPS is in compliance with a restriction

that prohibits the SPS from including two or more copies of the same LTRP entry.

- 30. The method of claim 25, wherein, for each respective LTRP entry in the first

set of LTRP entries in the SPS, the slice header includes an index to the respective LTRP
entry only if the slice header does not already include a copy of the index to the respective

LTRP entry.

31. The method of claim 25, wherein the slice header is in compliance with a
restriction that prohibits the slice header from including two indexes to a single LTRP entry in

the SPS.

32. The method of claim 25, wherein, for each respective LTRP entry in the first
set of LTRP entries in the SPS, the slice header does not include an LTRP entry matching the
respective LTRP entry in the SPS.

33. The method of claim 25, wherein the SPS includes a first LTRP entry and the
slice header is in compliance with a restriction that prohibits the slice header from including a
second LTRP entry if the slice header includes an index to an equivalent LTRP entry in the
SPS, wherein the second LTRP entry includes a least-significant bits (LSB) syntax element
and a usage syntax element, and the equivalent LTRP entry includes a LSB syntax element
that matches the LSB syntax element of the second LTRP entry and the equivalent LTRP

entry includes a usage syntax element that matches the usage syntax element of the second
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L TRP entry, wherein the LSB syntax element of the second LTRP entry and the LSB syntax
element of the equivalent LTRP entry indicate LSBs of picture order count (POC) values, and
wherein the usage syntax element of the second LTRP entry and the usage syntax element of
the equivalent LTRP entry indicate whether reference pictures are used for reference by the

current picture.

34. The method of claim 25, wherein including the slice header in the bitstream the
comprises:

including, in the slice header, a first LTRP entry indicating that a particular
reference picture is in a long term reference picture set of the current picture; and

including, in the slice header, a second LTRP entry only if the second LTRP
entry does not indicate that the particular reference picture is in the long-term reference

picture set of the current picture.

35. The method of claim 25, wherein the slice header is in compliance with a
restriction that prohibits the slice header from including two LTRP entries that indicate

reference pictures having the same POC value.

36. The method of claim 25, wherein the slice header is in compliance with a
restriction that prohibits the RefPicSetLtCurr from including two reference pictures with the
same POC value, a restriction that prohibits the RefPicSetltFoll from including two reference
pictures with the same POC value, and a restriction that prohibits the RefPicSetLtCurr and the

RefPicSetLtFoll from including reference pictures with the same POC value.

37. A video encoding device comprising:
one or more processors configured to:
encode video data, wherein:
a set of reference pictures for a current picture of the video data
consists of the following reference picture subsets: RefPicSetStCurrBefore,

RefPicSetStCurrAfter, RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll,
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reference pictures in RefPicSetLtCurr and RefPicSetLtFoll being long term
reference pictures (LTRPs),
as part of encoding the video data, the one or more processors:
include, in a bitstream, a sequence parameter set that is
applicable to the current picture;
include, in the bitstream, a slice header of a current slice of the
current picture,
the SPS includes a first set of one or more LTRP entries that
refer to one or more reference pictures,
the slice header signals one or more LTRP entries that are in the first
set of LTRP entries by including one or more indexes that identify LTRP
entries in the SPS,
the slice header explicitly signals a second set of one or more LTRP
entries by including the second set of one or more LTRP entries in the slice
header,
each respective LTRP entry of the first and second sets of
entries is a tuple consisting of a first syntax element and a second syntax
element, the first syntax element indicating least significant bits of a Picture
Order Count (POC) value of a respective LTRP of the LTRPs, the second
syntax element indicating whether the respective LTRP is used for reference by

the current picture, and

the slice header is in compliance with a restriction that prohibits
the slice header from signaling two LTRP entries referring to the same
reference picture; and

an output interface configured to output the encoded video data.

The video encoding device of claim 37, wherein the SPS includes a first LTRP

entry and the slice header includes a second LTRP entry only if the second LTRP entry does

not indicate that a reference picture referred to by the first LTRP entry is in a long-term

reference picture set of the current picture.
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39. The video encoding device of claim 37, wherein:
the SPS includes a first LTRP entry and a second LTRP entry,
the slice header includes an index that identifies the first LTRP entry, and
the one or more processors are configured to include, in the slice header, an
index to the second LTRP entry only if the second LTRP entry does not indicate that the

particular reference picture is in a long-term reference picture set of the current picture.

40. The video encoding device of claim 37, wherein the one or more processors are
configured to include a particular LTRP entry in the SPS only if the SPS does not already
include a copy of the particular LTRP entry.

41. The video encoding device of claim 37, wherein the one or more processors are
configured to generate the SPS such that the SPS is in compliance with a restriction that

prohibits the SPS from including two or more copies of the same LTRP entry.

42, The video encoding device of claim 37, wherein, for each respective LTRP
entry in the first set of LTRP entries in the SPS, the slice header includes an index to the
respective LTRP entry only if the slice header does not already include a copy of the index to

the respective LTRP entry.

43, The video encoding device of claim 37, wherein the one or more processors are
configured to generate the slice header such that the slice header is in compliance with a
restriction that prohibits the slice header from including two indexes to a single LTRP entry in

the SPS.
44. The video encoding device of claim 37, wherein, for each respective LTRP

entry in the first set of LTRP entries in the SPS, the slice header does not include an LTRP
entry matching the respective LTRP entry in the SPS.
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453. The video encoding device of claim 37, wherein the SPS includes a first LTRP

entry and the one or more processors are configured to generate the slice header such that the

* slice header is in compliance with a restriction that prohibits the slice header from including a

second LTRP entry if the slice header includes an index to an equivalent LTRP entry in the
SPS, wherein the second LTRP entry includes a least-significant bits (LSB) syntax element
and a usage syntax element, and the equivalent LTRP entry includes a LSB syntax element
that matches the LSB syntax element of the second LTRP entry and the equivalent LTRP
entry includes a usage syntax element that matches the usage syntax element of the second
LTRP entry, wherein the LSB syntax element of the second LTRP entry and the LSB syntax
element of the equivalent LTRP entry indicate LSBs of picture order count (POC) values,
wherein the usage syntax element of the second LTRP entry and the usage syntax element of
the equivalent LTRP entry indicate whether reference pictures are used for reference by the

current picture.

46. The video encoding device of claim 37, wherein the one or more processors are

* configured to:

include, in the slice header, a first LTRP entry indicating that a particular
reference picture is in a long term reference picture set of the current picture; and

include, in the slice header, a second LTRP entry only if the second LTRP
entry does not indicate that the particular reference picture is in the long-term reference

picture set of the current picture.

47. The video encoding device of claim 37, wherein the one or more processors are
configured to generate the slice header such that the slice header is in compliance with a
restriction that prohibits the slice header from including two LTRP entries that indicate

reference pictures having the same POC value.
48. The video encoding device of claim 37, wherein the slice header is in

compliance with a restriction that prohibits the RefPicSetLtCurr from including two reference

pictures with the same POC value, a restriction that prohibits the RefPicSetLtFoll from
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including two reference pictures with the same POC value, and a restriction that prohibits the
RefPicSetLtCurr and the RefPicSetLtFoll from including reference pictures with the same
POC value.

5 49. A video encoding device comprising:

means for encoding video data, wherein:

a set of reference pictures for a current picture of the video data consists of the
following reference pictures subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter,
RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in

10 RefPicSetLtCurr and RefPicSetLtFoll being long term reference pictures (LTRPs),
the means for encoding the video data comprises:
means for including, in a bitstream, a sequence parameter set (SPS)
that is applicable to the current picture;
means for including, in the bitstream, a slice header of a current slice of
15 the current picture,

the SPS includes a first set of one or more LTRP entries that refer to one or
more reference pictures,

the slice header signals one or more LTRP entries that are in the first set of
LTRP entries by including one or more indexes that identify LTRP entries in the SPS,

20 the slice header explicitly signals a second set of one or more entries by
including the second set of one or more LTRP entries in the slice header,

each respective LTRP entry of the first and second sets of LTRP entries is a
tuple consisting of a first syntax element and a second syntax element, the first syntax
element indicating least significant bits of a Picture Order Count (POC) value of a

25 respective LTRP of the LTRPs, the second syntax element indicating whether the
respective LTRP is used for reference by the current picture, and

the slice header is in compliance with a restriction that prohibits the slice
header from signaling two LTRP entries referring to the same reference picture; and

means for outputting the encoded video data.

30
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50. A non-transitory computer-readable storage medium having instructions stored
thereon that, when executed by a video encoding device, configure the video encoding device
to:

encode video data, wherein:

a set of reference pictures for a current picture of the video data consists of the
following reference pictures subsets: RefPicSetStCurrBefore, RefPicSetStCurrAfter,
RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll, reference pictures in
RefPicSetLtCurr and RefPicSetLtFoll being long term reference pictures (LTRPs),

as part of configuring the video encoding device to encode the video data, the
instructions configure the video encoding device to:

include, in a bitstream, a sequence parameter set (SPS) that is
applicable to the current picture;

including, in the bitstream, a slice header of a current slice of the
current picture,

the SPS includes a first set of one or more LTRP entries that refer to one or
more reference pictures,

the slice header signals one or more LTRP entries that are in the first set of
LTRP entries by including one or more indexes that identify LTRP entries in the SPS,

the slice header explicitly signals a second set of one or more LTRP entries by
including the second set of one or more LTRP entries in the slice header,

each respective LTRP entry of the first and second sets of LTRP entries is a
tuple consisting of a first syntax element and a second syntax element, the first syntax
element indicating least significant bits of a Picture Order Count (POC) value of a
respective LTRP of the LTRPs, the second syntax element indicating whether the
respective LTRP is used for reference by the current picture, and

the slice header is in compliance with a restriction that prohibits the slice
header from signaling two LTRP entries referring to the same reference picture; and

output the encoded video data.

CA 2884446 2018-08-09
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