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LONG-TERM REFERENCE PICTURE SIGNALING IN VIDEQ CODBING

{8001} This application claims the benefit of U.S. Provisional Patent Application No.
61/706,510, filed Septernber 27, 2012, and U.S. Provisional Patent Application No.
61/708,442, filed October 1, 2012, the entire content of each of which is incorporated

herein by reference.

TECHNICAL FIELD
[8002] This disclosure relates to video coding {i.e., encoding and/or decoding of video

data).

BACKGROUND

{8003} Digital video capabilities can be incorporated into a wide range of devices,
inchuding digital televisions, digital direct broadeast systers, wireless broadcast
systerns, personal digital assistants (PDAs), laptop or desktop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satelite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Digital video devices implement video compression technigues,
such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263,
FTU-T H.2064/MPEG-4, Part 10, Advanced Video Coding (AVC), the High Efficicncy
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.

{8004} Video compression techniques perform spatial (intra-picture) prediction and/or
temnporal (inter-picture) prediction to reduce or remove redundancy inherent jo video
sequences. For block-based video coding, a video slice {i.¢., a video trarge or a portion
of a video frame) may be partitioned into video blocks, Video blocks in an intra-coded
(11 slice of a picture are encoded using spatial prediction with respect to reference
saroples in veighboring blocks i the same pictare. Video blocks in an inter-coded (P or
B) shice of a picture roay use spatial prediction with respect to reference samples in

neighboring blocks in the same picture or temporal prediction with respect to reference



WO 2014/052123 PCT/US2013/060416

R

saroples in other reference pictures. Pichures may be referved to as frames, and
reference pictures may be referred 1o as reference frames.

80051 Spatial or temporal prediction results in a predictive block for a block to be
coded. Residual data represents pixel differences between the original block to be
coded and the predictive block., An inter-coded block is encoded according to a motion
vector that poiots to a block of reference saroples forming the predictive block, and the
residual data indicates the difference between the coded biock and the predictive block,
Anntra-coded block s encoded according to an intra-coding mwode and the residual
data. For further compression, the residual data may be transformaed from the pixel
domain to 2 transform domain, resulting in residual coefficients, which then may be
quantized. The quantized coefficients, initially arranged in a two-dimensional array,
may be scanned in order to produce a one-dimensional vector of coetficients, and

entropy coding may be applied to achicve even more corpresst

SUMMARY
{80061 To geoeral, this disclosure describes signaling of long-terro reference pictures
(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 is an LTRP of the current picture. Furthermore, the video encoder
signals, 1 the slice header, a second LTRP entry only if the second UTRP entry does
not indicate that the particular reference picture is a long-term reference picture of the
current picture. Similarly, a video decoder may decode the slice header and may
generate, based at least in part on one or more LTRP entries signaled in the shice
headers, a reference picture list for the current picture. The video decoder may
reconstruct, based at lgast in part on one or more reference pictures in the reference
picture list for the current picture, the current picture.
{BOB7] In one cxample, this disclosure deseribes a method of decoding video data, the
method comprising: obtaining, from g bitstream, a slice header of a current slice of a
current picture, wherein a set of one or more LTRP entries are signaled in the shice
header, wherein the set of ong or more LTRP entries inchudes a fivat LTRP entry
mndicating that a particular reference picture s io a long-term reference picture set of the
cuarrent picture, and wherein the set of one or more LTRP entries includes a second

LTRP entry only it the second LTRP entry does not indicate that the particular reference
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pichure is in the long-term reference picture set of the current picture; generating, based
at least in part on the oue or more LTRP entries, a reference pictare list for the current
picture; and reconstructing, based at least in part on onc or more reference pictures i
the reference picture list for the current picture, the current picture.
[B0GB8] In another example, this disclosure deseribes a video decoding device
comprising one or more processors configured to: obtain, frore a bitstream, a shee
header of a current slice of a current picture, wherein a set of one or more LTRP entries
are signaled in the slice header, wherein the set of one or more LTRP entries includes a
first LTRP entry indicating that a particular veference picture is in a long-term reference
picture set of the current picture, and wherein the sot 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 18 in the long-term reference picture set of the corrent
picture; generate, based at least in part on the one or more LTRP entrics, a reference
picture list for the current picture; and reconstruct, based at least in part on one or more
reference pictures in the reference pictare Hst for the current picture, the current picture.
{86091 Tn 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 entries are signaled in the slice
header, wherein the set of one or more LTRP entries inclades a first LTRP entry
indicating that a particular reference picture is in a long-term reference pictare set of the
current picture, and wherein the set of one or more LTRP entries includes g second
LTRP entry only if the second LTRP entry does not indicate that the particular refevence
picture is in the long-term refercnce picture set of the carrent picture; means for
generating, based at least in part on the one or more LTRP entries, a reference picture
list for the current picture; and means for reconstructing, based at feast in part on one or
more reference pictares in the reference picture Hst for the current picture, the current
picture.
{8018} In another example, 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 bitstream, a shice header
of a current slice of a current picture, wherein a set of one or ore LTRP endries are
signaled in the slice header, wherein the set of one or more LTRP entries includes a first

LTRP entry indicating that a particular reference picture 15 1n a long-term reference
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picture set of the current picture, and wherein the set of oue or more LTRP entries
fuchides a second L'TRP 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 list for the current picture; and reconstruct, based at least in part on one or more
reference pictures in the reference picture 1ist for the current picture, the current picture.
(8011} In another example, this disclosure describes a method of encoding video data,
the method compnising: signaling, 1o a slice header for a current slice of a cosrent
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 picture is in the long-term reference picture set of the current
picture.

(8012} In another example, this disclosure describes a video encoding device
comprising one or more processors configared to: sigual, in a slice header for a corrent
shice 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 s in the long-term reference picture set
of the current picture.

[8013] In ancther example, this disclosure describes a video encoding device
comprising: means for signaling, in a slice header for a current slice of a current picture,

o -
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a first LTRP euntry, the first LTRY endry jndicating that a particular reference picture is
in a long-term reference picture set of the current picture; and means for signaling, in
the slice header, 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.

(8014} A computer-readable storage medium having tnstructions 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 current picture, a fivst LTRP entry, the
first LTRP entry indicating that a particular reference picture is in a long-term reference

sicture set of the current picture; and signal, in the slice header, a second LTRP entry
% > 3
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only if the second LTRP entry does not indicate that the particular reference pictare is in
the long-term reference picture set of the current picture.

13635] The details of one or more examples of the disclosure are set forth in the

[=%

accompanying drawings and the description below. Other features, objects, an

advantages will be apparent from the description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

{3016} FIG. 1 is a block diagram illustrating an example video coding system that may
utilize the techniques described in this disclosure.

(8017} FIG. 2 1s a block diagram illustrating an cxample video encoder that moay
impieraent the techniques described in this disclosure.

8018} FIG. 3 is a block diagram illusirating an example video decoder that may
mplement the techniques desceribed in this disclosare.

[8019] FIG. 4 15 a flowchart illustrating an example operation of a video encoder, in
accordance with one or more techniques of this disclosure.

(8028} FIG. S s a flowchart Hlustrating an example operation of a video decoder, in

accordance with one or more techmuques of this disclosure.

DETAILED DESCRIPTION
[8621] A video cocoder may generaie a bitstream that includes encoded video data.
Each picture of the video data raay inchide an array of lums samples and may also
include two corresponding arrays of chroma samples, ¢.g., arranged in blocks. To
encode a picture of the video data, the video encoder may generate a phirality of coding
tree units (CTUS) for the picture. Each of the CTUs may be associated with a different
equally-sized biock 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
mote coding vnits (CUs) for cach CTU. Each of the CUs of a CTU may be associated
with a luma block within the luma block of the CTU and ray also be associated with
the two corresponding chroma blocks within the chroma blocks of the CTU.
8322} Furthermore, the video encoder may generate one or more prediction units (PUSs)
for cach CU. The video encoder roay generate luma and chroma predictive blocks for

cach PU of the CU. The video encoder may use intra prediction or inter prediction o
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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 huma and chroma
residual blocks associated with the CU. The luraa and chroma residual blocks of the
U may indicate differences between samples in the fuma and chroma predicted blocks
tor the PUs of the CUJ and the original luma and chroma blocks of the CU, respectively
The video encoder may partition the residual blocks of a CU into transtorm blocks.
Furthermore, the video encoder may apply one or more transforms to cach transform
block to generate transtform coetticient blocks. The video encoder may quantize the
transtorm coetticient blocks and may apply entropy coding to syndax clements that
represent transform cocfficients of the transform coefficient block. The video encoder
may output a bitstream that includes the entropy-encoded syntax elements.
(80231 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 picture subsets are; RetPicSetStCarrBetore, RetPicSetStCarrAfier,
RefPicSetStFoll, RetPicSetLiCurr, and RetPicSetliFoll. The reference pictares in
RefPicSetStCurrBefore, RefPicSetStCurrAfier, RefPicSctStFoll are referred 1o as
“short-term reference pictures” or “STRPs.” The reference pictures in RefPicSetbtCurr
and RefPicSetLtFoll 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. The video encoder may re-generate the five reference
picture subsets for each picture of the video data.
[#6324] Furthermore, when a current shice of the carrent picture s a P slice, the video
encoder may use the reference pictures from the RefPicStCurrAfter,
RefPicStCurrBefore, and RefPicStLiCurr reference picture subsets of the current picture
to generate a single reference picture fist, RefPicListd, for the current slice. When the
current slice is a B shice, the video encoder may use the reference pictures from the
RefPicStCurrAtier, RefPicStCurrBetore, and RetPicStLtCurr 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 inter prediction to
generate the predictive block of a PU of the current picture, the video encoder may
generate the predictive blocks of the PU based on samples within one or more reference

pictures i one or more of the reference picture lists for the current shice,
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{88251 The video encoder may signal a set of LTRP entries in a sequence parameter set
(SPS). In other words, the SPS may explicitly indicate a set of LTRP entries. Fachof
the LTRP entries may indicate a reference picture as being in a long-torm reference
picture set {either in RefPicStLtCurr or RefPicStLiFoll} for the current picture.
Furthermore, the video encoder may sigoal, in a shice header of the first (in coding
order) slice of a current picture, indexcs to L'TRP entrics indicated 1o the SPS applicable
to the current picture. In this way, the shice header may “implicitly” signal LTRP
entries or “index to” LTRP entrics. In addition, the video encoder mayv sigual, in the
shice header ot the tust slice of the current picture, an additional set of LTRP entries. In
other words, the slice header may explicitly signal additional LTRP entries.
{8026} 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
s used by a current picture. The reference pictures indicated by L'TRP entries explicitly
signaled in the SPS that are used by a current picture may be referred o herein as
current LTRPs of the SPS. The reference pictures indicated by LTRP entries explicitly
signaled o the 3PS that are not used by a current picture may be referred to herein as
non-current LTRPs of the SPS. Similarly, for each respective LTRP entry implicutly
and explicitly signaled in the slice header, the slice header may indicate whether a
reference picture indicated by the respective LTRP entry s used by the curvent picture.
The reference pictares indicated by LTRP entrics implicitly and explicitly signaled in
the slice header that are used by the current picture may be referred to herein as current
LTRPs of the slice header. The reference pictures indicated by LTRP entries implicitly
and explicitly sigoualed in the shice header that are not used by the current piciure roay be
referred to hercin as non-current LTRPs of the slice header.
86271 The RefPicStLiCurr reference picture subset for a current picture may include
the current LTRPs of 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-current LTRPs of the first slice header of the current picture.
{8628} The above-described signaling scheme may have several drawbacks. For
example, the video encoder may potentially generate a slice header that explicitly
signals an LTRP entry that indicates a reference picture and also implicitly signals an

LTRP entry that indicates the same reference picture. Thus, the RefPicStLieCurr and/or



WO 2014/052123 PCT/US2013/060416

the RefPicStLiFoll of the current picture may potentially inchude the same reference
picture twice, In another example drawback of the above-described signaling scheme,
the slice header itself may explicitly signal the same LTRP entry raunltiple times.
Similarly, an SPS may explicitly signal the same LTRP entry multiple times. Explicitly
signaling the same LTRP entry multiple times in either an SPS or a slice header may
reduce coding efficiency. In another example drawback of the above-described
signaling scheme, the SPS may include an UTRE entry that indicates that a particular
reference pictore is not used for reference by the carrent picture and concurrently a slice
header {or the SPS) may jnchude an LTRP eniry that indicates that the particalar 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.
{80298} In accordance with the techniques of this disclosure, the video encoder may be
restricted from signaling {cither explicitly or implicitly) in the slice header multiple
LTRP entries that indicate that the same reference picture is in a long-term reference
picture set of the current picture. Rather, the video encoder s contigured such that the
slice header is in compliance with 3 restriction that prohibits the slice header from
signaling two LTRP entries that indicate the same reference picture. Because the video
encoder is restricted from signaling multiple LTRP entries that indicate the same
reference picture, the LTRP entries cannot include contradictory syntax elements
regarding whether the reference picture is used for refercnce by the current picture.
urthermore, in accordance with the techniques of this disclosure, the video encoder
may be restricted from generating a slice header that jndicates the same LTRP entry
multiple times. That is, the video encoder may be restricted from umplicitly signaling
the same LTRP entry multiple times, restricted from explicitly signaling the same LTRP
entry muddtiple times, and restricted from imphicitly and explicitly signaling the same
LTRP entry. Hence, the video cucoder may signal an LTRP entry at most onge, ¢ither
impiicitly or explicitly. These restrictions may potentially increase coding efficiency
because the video encoder may not be able to inclade syntax elements in the SPS or the
slice header for explicitly and implicitly signaling the same LTRP entry.
[8630] Hence, 8 video decoder may decode a slice header of a current slice of a cumrent
picture. A set of one or more LTRP entries may be signaled in the slice header. The set

of one or more LTRP entries may inclode a fivst LTRP entry indicating that a particalar
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reference pictore is in 8 long-term reference picture set of the current picture. The set of
one or more LTRP eniries roay include a second LTRP entry only if the second LTRP
entry does not indicate that the particular refercnce picture is in the long-term refercnce
picture set of the current picture. The video decoder may generate, based at least in pari
on the one or roore LTRP entries, a reference pictare hist for the current picture and may
recoustruct, based at least in part on one or more reference pictures i the reference
picture Hst for the current picture, the current picture,

(88311 FIG. 1 s a block diagram illustrating 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
rerms “video coding” or “coding” may refer generically to video encoding or video
decoding.

{8032} As shown in FIG. 1, video coding systermn 10 inclades 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 4 video encoding device or a video encoding
apparatus, Destination device 14 may decode the encoded video data generated by
source device 12, Accordingly, destination device 14 may be referred 1o 35 a video
decoding device or a video decoding apparatus. Source 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 4 wide range of
devices, including desktop computers, mobile computing devices, notehook (e.g

laptop) computers, tablet computers, set-top boxes, telephone handsets such as so-called
“sroart” phoues, televisions, cameras, display devices, digital media players, video
gaming consoles, in-car computers, or the like,

{834} Destination device 14 may receive encoded video data from source device 12 via
a chanuel 16. Channel 16 may comprise one or more media or devices capable of
moving the encoded video data from source device 12 to destination device 14, Tn one
exampieﬁ channel 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. In this example, source device 12 may modulate the encoded video data
according to a conununication standard, such as a wireless communication protocol, and
may transmit the modulated video data to destination device 14, The one or more

conumnunication media may inchide wireless and/or wired communication media, such



WO 2014/052123 PCT/US2013/060416

1G4

as 8 radio frequency {(RF) spectrumm or one or more physical transmission Hnes. The one
or more conynunication roedia roay form part of a packet-based network, such as a local
arca network, a wide-area network, or a global network {c.g., the Internet). The one or
more communication media may include routers, switches, base stations, or other
equipment that facilitate communication from source device 12 to destination device 14
{8035} In another cxample, channel 16 may include a storage mediom that stores
encoded video data generated by source device 12, In this example, destination device
14 may access the storage mediam via disk access or card access. The storage mediur
may include a variety of locally-accessed data storage media such as Blu-ray discs,
DBVDs, CD-ROMz, flash memory, or other suitable digital storage media for storing
encoded video data.

(80361 In a further example, channel 16 may mnclude a file server or another
intermediate storage device that stores encoded video data generated by source device
12, in this example, destination device 14 may access encoded video data stored at the
file server or other mtermediate storage device via streaming or download, The file
server roay be a type of server capable of storing encoded video data and transnutting
the encoded video data to destination device 14, Fxample file servers include web
servers {e.g., for a website), file transfer protocol (FTP) servers, network attached
storage {NAS) devices, and local disk drives.

{8037} 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 include wireless channels {(¢.g., Wi-Fi connections), wired connections (e.g., DBSL,
cable roodern, efc.), or combinations of both that are suitable for accessing encoded
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.

{8038} The techniques of this disclosure are not Hynited to wircless applications ot
settings. The techniques may be applied to video coding in support of a variety of
multimedia applications, such as over-the-air television broadcasts, cable television
transmissions, satellite television transmissions, streaming video transmissions, e.g., via
the Toternet, encoding of video data for storage on a data storage medium, decoding of
video data stored on a data storage medium, 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
broadcasting, and/or video telephony.

(80391 FIG 1 1s 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
inclade any data communication between the encoding and decoding devices. In other
cxamples, 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, and/or a video decoding
device may retrieve and decode data from memory. Tn many examples, the encoding
and decoding s performed by devices that do not cornmunicate with one another, but
simply encode data to memory and/or retrieve and decode data from memory.

83401 In the example of FIG. 1, source device 12 includes a video source 18, a video
encoder 20, and an output interface 22, In some examples, output interface 22 may
include & modulator/demodulator (modem) and/or a fransmitier. Video source 18 moay
inchude a video capture device, e.g., a video camera, a video archive containing
previcusly-captured video data, a video feed interface to receive video data from a video
content provider, and/or a computer graphics systern for generating video data, or a
combination of such sources of video data.

{8341 Video encoder 20 may encode video data from video source 18, In some
examples, sowrce 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 g storage medium or a file server for later access by destination device 14
for decoding and/or playback.

60421 1o the exarople of FIG. 1, destination device 14 includes an input interface 28, a
viden decoder 30, and a display device 32, in some examples, input interface 28
includes a receiver and/or 3 modem. Input interface 28 may receive encoded video data
over channel 16, Display device 32 may be integrated with or may be external to
destination device 14, Tn general, display device 32 displays decoded video data.
Display device 32 may comprise a variety of display devices, such as a liguid crystal
display (L.CD), a plasma display, an organic light emitting diode (OLED) display, or
another type of display device.

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

processors {DSPs), application-specific integrated circuits {ASICs), field-programmable
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gate arrays (FPGAs), discrete logic, hardware, or any combinations thereof. If the
techniques are iroplemented partially in software, a device may store instructions for the
software in a suitable, non-transitory computer-readable storage medium and may
execute the instructions in hardware using one or more processors to perform the
techniques of this disclosure. Any of the foregoing (including hardware, software, a
combination ot hardware and software, efc.) roay be considered to be one or more
processors. Fach of video encoder 20 and video decader 30 may be included in one or
more encoders or decoders, etther of which may be integrated as part of a4 combined
encoder/decoder (CODEC) in a respective device,

{80441 This disclosure may generaﬂy refer to video encoder 20 “signaling” certain
information to another device, such as video decoder 33, The term “signaling” may
generally refer to the commmmication of syntax elements and/or other data ased to
decode the corapressed video data. Such communication may occur in real- or neat-
real-time. Alternately, such comraunication raay occur over a span of time, such as
might occur when storing synfax elements to a computer-readable storage medium o ap
encoded bitstream at the time of encoding, which then may be retrieved by a decoding
device at any time after being stored to this medium.

{8045} In some examples, video encoder 20 and video decoder 30 operate according to
a video compression standard, such as ISG/TEC MPEG-4 Visual and 1TTU-T H.264 (also
known as ISO/IEC MPEG-4 AVQ), including its Scalable Video Coding (SVC)
extensis}n, Multiview Video Coding (MVO) extension, and MV C-based 2DV extension.
In some instances, any legal bitstrears conforming to MV C-based 3DV always contains
a sub-bitstream that is compliant to a MVC profile, e.g., stereo high profie.  1n othex
examples, video encoder 20 and video decoder 30 may operate according to ITU-T
H.261, ISO/IEC MPEG-1 Visual, ITU-T H.262 or ISO/IEC MPEG-2 Visual, and ITU-T
H.264, ISG/IEC Visual,

8046} 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, referred to as “HEVC Working Draft 87 is described in Bross et al,
“High Efficiency Video Coding (HEVC) text specification draft 3, Joint Collaborative

Team on Video Coding (JCT-VC) of ITU-T 53G16 WP3 and ISO/IEC
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JTTCUSCI/WGIE, 107 Mecting, Stockholm, Sweden, July 2612, which as of June 20,
2013, is available from btip://phenix.int

evry. fr/jct/doc_end user/documents/10 Stockbolm/wgl VICTVC-J1003-vE. zip, the
entire content of which is incorporated herein by reference.

(80471 In HEVC and other video coding specifications, a video sequence typically

59

includes a series of pictures. Pictures may also be referred 1o as “frames.” A picture

may mclude three sample arrays, dencted Sy, Sqy and S¢p. 85 18 a two-dimensional array
(i.c., a block) of huma samples. Scy 18 a two-dimensional array of Cb chrominance
saroples. Sgp 18 a two-dimensional array of Cr chrominance samples. Chrominance
saraples may also be referred to herein as “chroma” saraples. In other instances, a
picture may be monochrome and may only inchude an array of fuma samples.

{8048} To generate an encoded representation of a picture, video encoder 20 may
generate a set of coding tree units {CTUs). Bach of the CTUSs may be a coding tree
block of luma samples, two corresponding coding tree biocks of chroma samples, and
syntax structures used o code the samples of the coding tree blocks. A coding tree
block may be an MxMN block of saraples. A CTU may also be referred to as a “iree
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/AV. However, a
CTU 1s not necessarily Himtted to a particular size and may include one or more coding
units (CUs). A shice may include an imteger number of CTUs ovdered cousecutively in
rastetr scan.

[8049] To generate a coded CTU, video cocoder 20 may recursively perform quad-iree
partitioning on the coding tree blocks of a CTU 1o divide the coding tree blocks nto
coding blocks, hence the name “coding tree units.” A coding block s an NxIN block of
samples. A CU may be a coding block of lama samples and two corresponding coding
blocks of chroma samples of 8 picture that has a huma sample array, a Ch sample arvay
and a Cr sample array, and syntax structures used to code the samples of the coding
blocks. In instances where a picture 18 monochrome or where a picture is represented as
three separate color planes, 8 CUJ 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 biock
may be a rectangular (i.c., 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 tuma
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saroples, two corresponding prediction blocks of chroma samples of a picture, and

miax structures used to predict the prediction block samples. Video encoder 20 may

W

generate predictive luma, Ch and Cr blocks for luma, Cb and Cr prediction blocks of
each PU of the CU.

(8058} Video encoder 20 may use intra prediction or joter prediction (o generate the
predictive blocks for a PU. If video encoder 20 uses intra prediction to generate the
predictive blocks of a PU, video encoder 20 may generate the predictive blocks of the
PU based on decoded sampiles of the picture associated with the PU.

(80511 If video encoder 20 uses nter prediction to generate the predictive blocks of a
PU, video encoder 20 may generate 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
P, When video encoder 20 uses uni-prediction 1o generate the predictive blocks fora
U, the PU may have a single motion vector. When video encoder 20 uses bi-prediction
10 generate the predictive blocks for a PU, the PU may have two motion vectors,

(80521 After video cocoder 20 generates predictive uma, Cb and Cr blocks for one or

r

more FUs of a CU, video encoder 20 may generate a luma residual block for the CUL

o=t

Each sample in the C1s luma residual block indicates a difference between a luma
sample in one of the CU%s predictive luma blocks and a corresponding sample in the
CU’s original luma coding block. In addition, video encoder 20 may generaie a Cb
residual block for the CU. Each sample in the CU’s Cb residual block may indicate a
difference between a Ch sample 1o one of the CU’s predictive Ch blocks and a
corresponding sarople in the CUs original Cb coding block, Video encoder 20 may
also generate a Cr residual block for the CU. Each sample in the CU’s Cr residual block
may indicate a difference between a Cr sample in one of the CU’s predictive Cr blocks
and a corresponding sample in the CUl%s original Cr coding block.

8053} Furthermore, video encoder 20 may use guad-tree partitioning to decompose the
uma, Ch and Cr residual blocks of a CU into one or more fuma, Ch and Cr transform
blocks. A transform block may be a rectangular block of samples on which the same
transform is applied. A transtorm unit (TU) of a CU may be a transform block of luma
saraples, two corresponding transform blocks of chroma saroples, and syntax structures
used to transform the transform block samples. Thus, each TU of a CU may be

associated with a lumas tranaform block, a Ch transform block, and a Cr transform block.
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The luma transform block associated with the TU may be a sub-block of the CU%s luma

L‘
10

residual block. The Ch transform block may be a sub-block of the CUs Cb residual
block. The Cr transform block may be a sub-block of the CU’s Cr residual block.
86547 Video encoder 20 may apply one or more transforms to a uma transform block
of a TU to generate a loma coefficient block for the TU. A coefficient block may be a
two-dirsensional array of transform coefficients. A transforre coefficient may be a
scalar quantity. Video encoder 20 may apply one or more transforms to a Cb transtorm
block of a TU to generate a Cb coefficient block for the TUL Video encoder 20 may
apply one or more transforms 1o a Cr transform block of a TU to generate a Cr
coefficient block for the TU.
{8055} After generating a coefficient block (e.g., a luma coefficient block, a Cb
coefficient block or a Cr coetticient block), video encoder 20 may quantize the

coefficient block. Quantization generally refers to a process 1o which transforro
coefficients are quantized to possibly reduce the amount of data used to represent the
transtorm coetlicients, providing further compression. After video encoder 20 quantizes
a cocthicient block, video encoder 20 may entropy encode syntax clements jndicating
the quantized transform coefficients, For cxample, video encoder 20 may perform
Context-Adaptive Binary Arithmetic Coding (CABAC) on the syntax elements
mndicating the quantized transform coefficients. Video encoder 20 may output the
entropy-encoded syntax elements in a bitstream,

{8056} Furthermore, video decoder 30 may perform inverse quantization and may apply
an inverse transform to coefficient blocks to reconstruct transform blocks of'a T
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
UL A decoded picture buffer (DPB) of video encoder 20 may store the reconstructed
coding blocks of the CUs of multiple pictares. Video encoder 20 may use the pictures
stored in the DPR (i.e, reference pictares) to perform jnter prediction on PUs of other
pictures.

80571 Video encoder 20 may output a bitstream that inchudes a sequence of bits that
forros a representation of coded pictures and associated data. The bitstream roay
comprise a sequence of network absiraction layer (NAL) units. Fach of the NATL units
includes a NAL unit header and encapsulates a raw byte sequence payioad (RBSP). The

NAL unit beader roay inclode a syntax element that indicates a NAL unit type code.
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The NAL vnit type code specified by the NAL unit header of a NAL anit indicates the
type of the NAL unit. A RBSP may be a syntax structure containing an integer nurnber
of bytes that is encapsulated within a3 NAL unit. [n some instances, an RBSP includes
zero bits.

[B0S8] Different types of NAL units may encapsulate different types of RBSPs. For
cxample, a first type of NAL unit may encapsulate an RBSP for a picture parameter set
{(PPS}, a second type of NAL unit may cncapsulate an RBSP for a coded slice, a third
type of NAL unit may encapsulate an RBSP for supplemental enhancement information
{SET), and so on. NAL units that encapsulate RBSPs for video coding data {(as opposed
to RBSPs for parameter sets and SEI messages) may be referred to as video coding layer
(VCL) NAL units.

¥
H
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[8039] Video decoder 30 may receive a bitstrearn generated by video encoder 20. In
addition, video decoder 30 may parse the bitstream 1o obfain syntax elements from the
bitstrearmn. Video decoder 30 may reconstruct the pictures of the video data based at
least in part on the syntax elements obtained from the bitstream. The process (o
reconstruct the video data may be generally reciprocal to the process pertormed by
viden encoder 20. For instance, video decoder 30 may use motion vectors of PUs {0
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 jnverse transforms on the coefficient blocks to recounstruct
transforr 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 to corresponding samples of the transform blocks of
the TUs of the current CU. By reconstructing the coding blocks for cach Tl of a
cuarrent picture, video decader 30 may reconstruct the current picture. Video decoder 30
may store the reconstructed current picture in a DPB for use in inter prediction of PUs
in other pictures.

{8068} A picture order count (POC) value is 2 value that identifies one or more pictures
occurring at one time nstance {i.e., in one access unit). In base HEVC, only one picture
ogours 1o an access unit, In scalable, multi-view, or 3-dimeunsional video coding,
muliiple pictures may occur at one fime nstance and hence a POC value may wdentify
multiple pictures, i.e., at different layers. Video encoder 20 and video decoder 30 may

use POC values of pictures to identify the pictures (e.g., for use in wnter prediction).
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80611 When video encoder 20 begins eucoding a current picture of the video data,
video encoder 20 roay generate five lists of POC values: PocStCurrBefore,
PocStCurrAfter, PocStFoll, PocLtCurr, and PocLtFoll. Video encoder 20 may usc these
five lists of POC values to generate five corresponding reference picture subsets for the
carrent picture: RetPicSetStCorrBefore, RetPicSetStCurrAtier, RefPicSetStFoll,
RefPicSethtCurr, and RefPicSetliFoll. For each POC value mn g list of POC value

(e.g., PocStCarrRefore, PocSitCurrAfier, PocStFoll, PocLiCurr, and PocltFolh), video
encoder 20 may deterroine whether the DPB inchudes a reference picture that has the
POC value and, if so, video encoder 20 includes the reference picture n the reference
picture set corresponding to the list of POC value

{8362} The reference pictares in RefPicSetStCurrBetore, RefPicSetStCurrAfter,
RefPicSetStFoll are referred to as “short-term reference pictures” or “STRPs.” The

w

reference pictures in RefPicSetliCurr and RetPicSetlLiFoll are referred to as “long-termo

reference pictures” or “LTRPs.” In some instances, LTRPs may remain avatiable 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 picture sets for
cach picture of the video data.

{80363} Furthermore, when a current shice of the current picture is a P slice, video
encoder 20 may use the reference pictures from the RefPicStCurrAfier,
RefPicStCurrBefore, and RetPieStLtCurr reference picture subsets of the current picture
t0 generate a single reference picture list, RefPicList(y, for the current slice. When the
current slice 18 a B slice, video encoder 20 may use the reference pictures from the
RefPicSiCurrAfrer, RetPicStCurrBefore, and RefPicStiACurr reference picture subsets
of the current picture to generate two reference picture lists, RefPicListd and
RefPiciist], for the current slice. When video encoder 20 uses inter prediction o
generate 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 or more of the reference picture lists for the current slice.

[8064] Video encoder 20 may signal a set of LTRP entries in a sequence parameter set
(SPS). In other words, the SPS may explicitly signal a set of LTRP entries. Each of the
LTRP entrics may wndicate a reference 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 (Ju coding order) slice of a current picture, indexes o
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JTRP entries signaled in the SPS that are applicable to the current picture. In this way,
the shice header may mmplicitly signal (e, index 10} LTRP entries. In addition, video
encoder 20 may signal, in the shice 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 - 8PS Syntax Related to LTRPs
long term_vef pies_present_flag u(ly
if{ long_termi_ref pics prosent flag) {
pura_foog ferrma_ref pics_sps us{v)
for( i =0; 1< num_long term_ref pics_sps; i++) {
it_ref pic poc_Ish_spsii] u{v}
used_by_cner_pic I sps flagli ] a1}

8066} In the example syntax of Table 1, above, and other syntax tables of this
disclosure, syntax elements with type descriptor ue{v) may be variable-length unsigned
integers encoded using O order exponential Golomb (Exp-Golomb) coding with left bit
first, In the example of Table | and the following tables, syutax elements having
descriptors of the form u(n), where # is a non-negative integer, are unsigoned values of
fength »

(80671 In Table |, the syntax element long term et pics present flag indicates
whether the SPS includes syntax clements that indicate a set of LTRPs, The syntax

clement num_long term ref pics sps indicates the number of LTRPs signaled in the

281

PS. The syntax element it ref pic poc Isb sps{/] indicates the least-significant bits

{(1.5Bs) ot the POC valuc of an L'TRP at position 7 in the set of LTRPs. Insome
exaniples, the SPS includes a syntax element (2.g.,

fog? max pic order cnt Isb minusd) that indicates the maximum POC vahue that can
be represented using LSBs alone. In such examples, the maximuim POC valae that can

be represented using LSBs alone {e.g., MaxPicOrderCntlsb) may be equal to:
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fo?

MaxPicOrderCatLeh = 2 {log2 max pic_crder cat kb minusd +4)

{80681 In Tablic 1, above, the syntax element used by curr pic It sps flag[i] indicates
whether the LTRP 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_ref pic poc Isb sps[i] and used by curr pic 1t sps tlagli]. To other
words, an LTRP entry may be a LSB syntax eleraent and a usage syntax clement, where
the LSB syntax element indicates the LSBs of a POC value of a reference picture and
the usage syntax clement indicates whether the reference picture is used for refercuce by
the current picture.

[8G69] Table 2, below, shows the syntax of a portion of a slice header regarding LTRPs.

TABLE 2 — Slice Header Syntax Related to L'TRPs

W long_term_ref pics prosent flag )

ifl num long term ref pics_sps> ()

uum_long term_sps ue(v)

sum_long term_ples us{v)

for{ i ={0; 1 < nuny_long term_sps + num_long_term_pics; i++)

il i < pum_long tern sps )

b _idx_eps|i] V)
else {

poe_Ish I 1] u{v}

used by _cnrr _pic B flag ] a1}
y
delta_pec_msh_present flagli] w1}

iff delta_poc_rusb_present_flag{i ]}

delta_poc_msh_cyele 3l 1] ue{ vy

[

(8078} In Table 2, the syntax element mim_long terro_sps indicates the number of
candidate LTRPs specified in the applicable SPS for the current picture. The syutax
clement num_long term pics indicates the number of LTRP entries specified in the
stice header that are included in the LTRP set of the current picture. The syntax clement
It idx sps[il specifies an index into the LTRP entries specified by the applicable SPS

for the current picture. The poc Isb 1t{7] symtax clement may specify the value of the
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Jeast-significant bits of the POC value of the i-th LTRP in the LTRP set of the current

picture. The used by curr pic Ut flagli] syntax clement may specity whether the i-th
LTRP to be included in the LTRP set of the current picture is used for reference by the
current picture,

(808711 The syntax element delta_poc_omsb present flag{/] indicates whether the

delta poc msh cycle [} syntax element s present in the slice header. The

k3

defta poc msbh cycle U]/} syntax element is used to determine the value of the most-
significant bits (MSBs) of the /~th LTRP 1o the LTRP set of the current picture.
Typically, STRPs do not remain in the DPB for extended sequences of pictures.
Accordingly, the LSBg of the POC valucs of the STRPs may be sufficient to distinguish
different STRPs. In contrast, LTRPs may remain in the DPB for longer sequences of
pictures. Accordingly, the full POC valaes (1.e., the MSBs and LSBs of POC values) of
LTRP may be needed to distinguish different LTRPs in the DPB and to distinguish
LTRPs from STRPs in the DPB.
(8072} Because the number of pictures between different UTRPs signaled in the shice
header is relatively unlikely to be significantly greater than the mumber of different
pictures that can be indicated using only the LSBs of POC values, the number of hits
required to indicate the difference between MSBs of POC values of the different LTRPs
is fikely to be smaller than the mumber of bits required to explicitly indicate the MSBs
of the POC values of the different LTRPs. Accordingly, the delta poc msb cycle |
irtax elements may indicate differences between MSBs of POC values of LTRPs.
Furthermore, if there 18 no difference betwesn the LEBS of the POC values of a first
LTRP and a second LTRP, a delia_poc rosb_presentflag syntax clernent may indicate
that the slice header includes a delta poc _msbh cycle It syntax element for the second
LTRP that represents the difference between the MSBs of the POC values of the firs

and the second LTRP. In other words, the delta_pos_msb_present flagli] syntax

difference of the MSBs or the i-th and the (7 — 1 »th LTRP when the LSBs of the POC
value of the /-th LTRP are equal to the LSBs of the POC value of the (i — 1)-th LTRP.
(80731 Thus, in the syntaxes of Tables 1 and 2, the signaling of LTRPs may involve
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 shice header may be defined as cither the LSB and the flag
cleraent, or the LSB and the flag corresponding to the entry in the SPS indicated by the
It idx sps[il 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
indexed in the slice header, and the corresponding entries are derived from the SPS.
When an L'TRP entry is signaled in a slice header using the poc Isb Wi} syntax clement
and the used by cwrr pic It flag{i] syntax clement, this disclosure refers to the LTRP
cutry as being explicitly signaled i the slice header,

80751 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 RefPicStLtCurr refereuce picture subset for the current pictare
inchades the reference pictares indicated by the LTRP cniries signaled in the shice
header that may be used for reference by the current picture. The RefPicStLtFoll
reference pictore subset of the current picture may inchude the reference pictures
indicated by LTRP entrics signaled in the slice header that are not used for reference by
the current picture.

{83761 Video decoder 30 may obtain an SPS and a slice header from a bitsiream. When
video decoder 30 starts decoding a fisst 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 clements in the applicable
SPS and/or syntax elemeuts in the shice header, POC values to be juchuded in
PocSitCurrBefore, PocStCurrAfier, PocStFoll, PocliCurr, and PocLtFoll, Video
decoder 30 may then use PocStCurrBefore, PocStCurrAfier, PocStFoll, PocltCurr, and
PocltFoll to determine the reference picture subsets for the current picture:
RefPicSetStCurrBefore, RefPicSetSitCurrAfter, RefPicSetSiboll, RefPicSetltCurr, and
RefPicSetitFoll. Subsequently, video decoder 30 may use RefPieStCurrBefore,
RefPicSetStCurrAfier, and Ref'icSetLtCurr to determine one or more reference picture
lists (e.g., RefficListd and RefPiclistd) for the current picture. As described above,
video decoder 30 muay use refercnce pictures in the reference pictare hists for inter
prediction of PUs.

{86771 The above-described signaling scheme has several drawbacks. In one example

drawback of the above-described signaling scheme, the slice header itself may explicitly
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signal the same LTRP entry sultiple times. In other words, there is no restriction o the
above-described serpantics that disaliows the same LTRP eniry to be signaled
{explicitly or indexed) 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 councurrently a shice header may
indicate that the particular LTRP 5 used by the current picture, or vice versa, For
instance, the slice header may explicitly signal and/or index to LTRP entries that
jdicate the same reference picture but bave different vahies for the

used by curr pic flag syntax clement. Conseqguently, the above-described syntax and
sernantics allow for a slice header that signals LTRP entries that indicate that a
particular reference picture is in both the RefPicSetLtCurr subset and the
RefPicSetLiFoll subset. This confusion between whether the particular LTRP is used
for reterence by the current picture may cause decoding problems for video decoder 30,
IB078] Hence, in accordance with one or more technigues of this disclosure, restrictions
may be added such that each L'TRP that is signaled (exphcitly or indexed) in a shice
header must refer to a distingt reference picture among all the LTRPg that are signaled
{explicitly or indexed) in the slice header. For instance, video encoder 20 is restricted
from implicitly signaling (i.2., indexing to} muldtiple LTRP entries that indicate the same

¥

LTRP, restricted from explicitly signaling roultiple LTRP entries that indicate the sarge

-

LTRP multiple times, and restricted from wroplicitly and explicitly signaling LTRP

entrigs that indicate the same LTRP,

{8079} Thus, video encoder 20 may signal, in a slice header for a current slice of a
current picture, a first LTRP entry. The first LTRP entry roay indicate that a particular
reference picture is in a long-term reference picture set of the current picture. The long-
rerm reference picture set of the current picture may include reference pictures in
RefPicSetltCurr and RefPicSetLtFoll. Furthermore, video encoder 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 picture. In some examples, a bitstream may fail a bitstream conformance test if
two LTRP entries signaled in a shice beader in the bitstrean indicate that the sarse
reference picture is in the long-term reference picture set of the current picture,

80380} In some examples, video encoder 20 may signal the first LTRP entry by

inctading, n the slice beader, an index to the first LTRP entry. In this example, video
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cncoder 20 may signal the second LTRP entry by including, in the shice header, the
second LTRP entry only if the second LTRP entry does not indicate that the particular
reference picture is in the reference picture set of the current picture. For instance,
video encoder 20 may generate the slice header such that the slice header s in
compliance with a restriction that prohibits the shice header from explicitly including a
particular LTRP endry it the slice header includes an index to an equivalent LTRP eniry
in the SPS. Thus, a bitstream may fail a bitstream conformance test if a slice header
juchides a particular LTRP and includes an index to an equivalent LTRP entry in the
SPS. In this cxample, the particular LTRP entry inclades an LSB syntax clement and a
usage syntax clement. Furthermore, in this example, the equivaicnt LTRP entry
includes a LSE syntax element that matches the LSB syntax element of the particular
LTRP entry and the equivalent LTRP entry inchudes a usage syntax element that
matches the usage syntax clemeut of the particular LTRP. The LSB syuotax element of
the particular LTRP entry and the LSB syntax element of equivalent LTRP entry
jdicate LSBs of POC values. The usage syntax element of the particalar LTRP entry
and the usage syntax element of the equivalent LTRP entry indicate whether reference
pictures may be used for reference by the current picture.
{3081} In another example, the set of LTRP entrics in the SPS may inchude the first
LTRP entry and the second LTRP entry. In this example, video encoder 28 may
include, in the shice header, an index to the first LTRP and may include, in the shice
header, an index to the second LTRP entry only if the second LTRP entry dogs not
indicate that the particular reference picture is in the long-term reference pictare set of
the carrent picture,
80821 In still another example, video encoder 20 may signal the first LTRP entry by
inchading, in the siice header, the first LTRP entry. Furthermore, video encoder 20 may
signal the second LTRP entry by including, in the slice header, the second LTRP entry.
Thus, video encoder 20 may include, in the shice header, the first LTRP cutry and may
include, in the shice header, the second LTRP entry only if the second LTRP entry does
not indicate that the particular reference picture is in the long-term reference pictare set
of the current picture. In this way, video encoder 20 may generate the shice header such
that the slice header 1s in compliance with a restriction that prohibits the slice header
from including two LTRP entries that indicate reference pictures having the same POC

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

130831 As indicated above, the long-term reference picture set of the current picture
may include a first subset (e.g., RetPicStLtCurr) and a second subset (2.g
RefPicStLiFolt). The first subset may jochude LTRPs used for reference by the current
picture and the second subset roay inclade LTRPgs used for reference by other pictures.
In accordance with the techniques of this disclosure, video encoder 20 may generate the
shice header such that the shice 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 vahug, and a restriction that prohibits the first and second subsets from
inclading reference pictures with the same POC value. Thus, a bitstrears may fail a
bitstream conformance fest if the first subset includes two reference pictures with the
same POC value and/or if the second subset inchudes two reference pictures with the
sarpe POC value.

{60841 Furtherroore, in some examples, for cach respective LTRP entry in the set of one
or more LTRP entries in the SPS, the slice header includes 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 slice header in
compliance with a restriction that prohibits the slice header fror inchuding two indexes
to a single LTRP entry in the SPS. Thus, a bitstream may fail a bitstream conformance
test if a slice header includes two indexes to a single LTRP entry in an SPS.

60851 Tn another example drawback of the signaling scheme of HEVC Working Draft

8, an SPS may cxplicitly signal the same LTRP entry multiple times. Explicitly
signaling the same LTRP entry muitiple times in either an SPS or a slice header may
reduce coding efficiency. In other words, there 15 no restriction n the above-described
semantics for the same LTRP entry being signaled more than once in the SPS,

{8086} In accordance within one or more techuigues of this disclosure, a restriction may
be added that disallows duplicate LTRP entrics among the LTRP entries signaled in an
SPS. In other words, video encoder 20 s restricted from generating an SPS that
explicitly 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 particular LTRP entry. Tn this way, video
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cncoder 20 may generate the SPS such that the SPS conforms to 8 restriction that
profubits the SPS from including two or more copies of the same LTRP entry. Tn some
instances, a device (such as video encoder 20 or video decoder 30) may perform g
bitstream conformance test to determine whether a bitstream is in conformance with a
video coding standard, such as HEVC. A bitstream may {ail to satisfy the bitstream
conformance test if the SPS ncludes two or more copies of the same LTRP entry.
{8087} In another example drawback of the signaling scherme of HEVC Working Draft
R, video encoder 20 may potentially generate a slice header that explicitly indicates an
LTRP entry and also tmplicitly indicates the same LTRP entry. Thus, the
RefPicStLtCurr and/or the RefPicStLiFoll 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) 1u the shice header. However, the above-
described semantics may pernut any LTRP entry signaled 1u the 3PS 1o he also
explicitly signaled in the slice header. Such flexibility may be unnecessary.

{8088} Hence, tn accordance with one or more techniques of this disclosure, &
restriction may be added such that an LTRP entry 1 not dire ctiy wrmied 11 any shice
header when an equivalent LTRP entry is included in the SPS. Thus, for cach
respective LTRP entry in the SPS, the shice header does not inchude a particular LTRP
entry if the particolar LTRP entry maiches the respective LTRP eniry in the SPS. For
inatance, a bitstream may fail a bitstream conformance test if the SPS includes two
matching LTRP entries.

8089} In another example drawback of the signaling scheme of HEVC Working Draft
&, the value of the delta_poc_msb present flagli] syotax eleroent conditions the
signaling of the delta_poc rasb cvele It[if syntax element. In other words, the
signaling of the delta poc msb cvele lt[il syntax element depends on the value of
delta poc mab present flagfi] syntax eleroent. As explained above, the

delta poc msh present flag[i] syntax cleroent roay indicate that the

defta poc msh cycle ltfi] syntax element is not present if the MSBs of the POC value
of the /-th LTRP are equal to the MSBs of the POC value of the (7 — 13-th LTRP. The
detta_poc msh cvele 1tfi] syntax element is Exponential-Golomb coded {i.e. ue(v)
coded). However, the explicit signaling of the delta_poc_omsb_present flagli] syntax

element may not be necessary, and the delta poc _msb_cycle Itfi] syntax element may
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be modifisd to cover all the cases (G.e., both the case where MSBs of a POC value are
signaled and where MSBs of a POC value are not signaled).
13090] Hence, in accordance with one or more techniques of this disclosure, the

delta poc msb present flagi] syniax element is removed from the slice header syntax

and the semantics of the delta_poc_msb_cycle Hii] syntax element are moditied to
cover all the possible cases. As deseribed herein, the value of the

delta poc msh cycle It syntax element {(or an cquivalent syntax clement) for the /-th
LTRP for the current picture may be required to be greater than § when there are
muliiple reference pictures in the DPB, excluding those pictures that are signaled as
STRPs for the current picture, with POC valies modulo MaxPicOrderCntlsh equal to
the L3Bs of the POC value of the /-th LTRP, where MaxPicOrderCntisb is the greatest
value that can be represented using only the L8Bs of a POC valae,

{8091} In another exarmple drawback of the signaling scheroe 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 serantics of
HEVC Working Draft & mandate that the MSB inforraation of the LTRP be signaled.
However, in this case, the MSB information for the LTRP need not be signaled. Hengce
in accordance with one or more techniques of this disclosure, the semantics and the
derivation process of the refercuce pictare set may be modified such that when there are
n (where 1 > 1) reference pictares in the DPB with POC values baving the same LSBs,
and (n — 1) of those pictures are signaled as STRPs and the #-th picture is signaled as an
LTRP, then the M3Bs of the POC value of the LTRP are not allowed {0 be signaled.
(80921 Tn HEVC Working Draft 8, an SPS may include a 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 inclade one
or roore syntax elements indicating ove of the STRPS syuntax structures in the applicable
SPS. Sets of STRPs (i.e., RefPicSetStCurrBefore, RefPicSetStCurrAfier, and
RefPicSetStFoll) for the current picture may be signaled in g STRPS syntax structure,
[8093] More specifically, the sets of STRPs for the current picture may be signaled ina
STRPS syntax struchure in one of two ways. In the first way, the STRPS syntax
structure includes syntax elerpents that enable video decoder 30 to determine, based at
feast in part on syntax elements in a reference STRPS syntax structure in the applicable

SPS, an array of DeltaPoc30 values and ap array of DeltaPocS1 values. o the second
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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 DeliaPocS1 valaes without
reference to any other STRPS syntax structure. The array of DeltaPocS0 values
indicates values to add to the POC value of the current picture to determine POC values
in PocStCorrBetore and PocStFoll. The array of DeltaPocS1 values indicates valies to
subtract from the POC value of the current picture 1o determoine POC values in
PocStCurrAfier and PocStFoll. As indicated above, video decoder 30 may determine
RetPicSetStCurrBefore based at least in part on PocStCuarrBefore. Video decoder 30
may determine RefPicSetStCurrAfter based at least in part on PocStCurrAtier. Video
decoder 30 may determine RefPicSiFoll based at least in part on PocStFoll.

{30694} Anpother example drawback of the signaling scheme of HEVC 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 roultiple identical STRPS syntax
structures. [t is also possible that 8 STRPS syntax structure explicitly signaled in the
slice header 15 1dentical to a STRPS syntax stracture signaled in the SPS, which should
also be disallowed. Heunce, one or more techniques of this disclosure may restrict video
encoder 20 such that no two short-term reference picture set candidates (i.¢., no two
STRPS syntax structures ) signaled in the SPS are identical. Purthermﬁre; in accordance
with one or more technigues of this disclosure, video encoder 20 s restricted from
signaling a STRPS gyntax stracture in the slice header if an identical patters (G.e,,
STRPS syntax structure) s signaled among the short-term RPS candidates (.., STRPS
syntax structures) in the SPS. That is, a short-term reference picture set pattern (i.e, a
STRPS syntax structure) cannot be explicitly signaled in the slice header if an wdentical
candidate (i.e., an identical STRPS syntax structure) is present in the candidate list in
the SPS.

8095} FIG. 2 1s a block diagram illustrating an exanple video encoder 20 that may
tmplerent the techoiques of this disclosure. FIG. 2 is provided for purposes of
explanation and should not be considered Himiting of the technigues as broadly
exemplified and described in this disclosure. For purposes of explanation, this
disclosure describes video encoder 20 in the context of HEVC coding. However, the
techniques of this disclosure may be applicable to other coding standards or methods,
{83096} In the example of FIG. 2, video encoder 20 imcludes a prediction processing unit

{00, a residual gencration unit 102, a transform processing unit 104, a quantization anit
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106, an inverse quantization unit 108, an inverse transform processing unit 110, a
reconstruction unit 112, a filter unit 114, a decoded picture buffer 116, and an entropy
encoding unit 118, Prediction processing unit 100 inchudes an inter-prediction
processing uvnit 128 and an intra-prediction processing unit 126, Inter-prediction
processing unit 120 inchides a motion estimation unit 122 and & motion compensation
unit 124, In other examples, video encoder 20 may inchude more, fewer, or different
functional components.

(8097} Video encoder 28 roay receive video data. Video encoder 20 may encode cach
CTU in a shice of a picture of the video data. Hach of the CTUs may be associated with
equally-sized luma coding tree blocks (CTBs) and corresponding CTBs of the picture.
As part of encoding a CTU, prediction processing unit 134 may perform quad-tree
partitioning to divide the CTBs of the CTU nto progressively-smaller blocks. The
smaller blocks may be coding blocks of CUs. For example, prediction 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 sub-sub-blocks, and so
oL

13098] Video encoder 20 may encode CUs of a CTU to generate encoded
representations of the CUs (i.e., coded CUs). As part of encoding a CU, prediction
processing unit 100 may partition the coding blocks associated with the CU among one
or roore PUs of the CUU. Thus, each PU may be associated with a lama 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 @ CU may refer
10 the size of the luma coding block of the CU and the size of a PU yuay refer 1o the size
of a luma prediction block of the PU. Assuming that the size of g particular CU i
ZNx2ZHN, video encoder 20 and video decoder 30 may support PU sizes of ZNxZN or
NxN for intra prediction, and symmetric PU sizes of 2Nx2N, 2NxN, N2N, 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.

80991 Inter-prediction processing unit 120 may generate predictive data for a PU by
perfornung jnter 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 unit 120 may perform ditfercut operations for a PU of a CU depending on
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whether the PU is 1n an 1 slice, a P slice, or a B slice. Inan | slice, all PUs are intra
predicted. Hence, if the PU is inan 1 slice, inter-prediction processing anit 120 does not
perform inter prediction on the PU.

{8160} When video encoder 20 begins encoding a current picture, inter-pradiction
processing unit 120 may determine reference picture subsets for the current picture,
Furthermore, ioter-prediction processing vnit 120 may determine, based at least in part

)
H

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 signal the
reference picture subscts for the current picture using synfax clements in an SPS
applicable to the current picture and one or more slice headers of one or more slices of
the current picture.

{8181} 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 {either explicitly or via indexing) two LTRP
eutries associated with the same reference pictare. For example, inter-prediction
processing unit 120 may signal, in the slice header, a first LTRP cnury. In this example,
the first LTRP entry may indicate that a particular reference picture is in a long-term
reference picture set of the current pictiwe. Furthermore, in this example, inter-
prediction processing unit 120 may signal, 1o the shice 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.

{6162} I a PU is in a P slice, motion estimation unit 122 may search the reference
pictures in 4 hist of reference pictares {¢.g., "“RefPicList() for a reference region for the
PU. The reference region for the PU may be a region, within a reference picture, that
contains sample blocks that most closely corresponds to the prediction blocks of the PU.
Motion estimation unit 122 may generate 4 reference index that indicates a position in
RefPicListd of the reforence picture containing the reference region for the PU. In
addition, motion estimation unit 122 may generaic a motion vector that indicates a
spatial displacement between a coding block of the PU and a reference location
associated with the reference region. For instance, the motion vector may be a two-
dimensional vector that provides an oftset 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 inforraation of the PU. Motion
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compensation anit 124 may generate the predictive blocks of the PU based on actual or
faterpolated samples at the reference location indicated by the motion vector of the PUL
(81031 Ifa PU s 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 list
(“RetPichist]™) 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
i RetPicListd or RetPicListl 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 8 in
RefPicListl or RefPicListl. Motion compensation unit 124 may generate the predictive
blocks of the PU based at least in part on actual or interpolated samples at the reference
region indicated by the motion vector of the PU.

{8184 To perform bi-directional inter prediction for a PU, motion estimation unit 122
may search the reterence pictures in RefPicListd for a reference region for the PU and
may also search the reference pictures in RefPiclist] for another reference region for
the P1J. Motion estimation unit 122 may generate reference indexes that indicate
posttions in RefPicListd and RefPicListl of the reference pictures that contain the
reference regions. o addition, motion estimation unit 122 may generate motion vectors
that indicate spatial displacements between refercnce locations associated with the
reference regions and a prediction block of the PUL The motion information of the PU
may include the reforence indexes and the motion vectors of the PU. Motion
compensation unit 124 may generate the predictive samplie blocks of the PU based at
feast in part on actual or interpolated samples at the reference region indicated by the
motion vectors of the PUL

{3105} Intra-prediction processing unit 126 may gonerate predictive data fora PU by
performing intra prediction on the PU. The predictive data for the PU may inclade
predictive sample blocks for the PU and various syntax elements. Intra-prediction
processing unit 126 may perform intra prediction on PUs in 1 slices, P slices, and B

fices.

W
]

{3106} To perform intra prediction on a8 PU, intra-prediction processing unit 126 may

use multiple fotra prediction modes to generate multiple sets of predictive data for the
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PUL Intra-prediction processing unit 126 roay use samples from spatially-neighboring
blocks to generate the predictive blocks of a PU. The neighboring PUs raay be above,
above and to the right, above and 0 the left, or to the left of the PU, assuming a lefi-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 cxarples, the number of intra prediction
modes may depend on the size of the prediction blocks associated with the PU.

81071 Prediction processing unit 100 roay select the predictive data for PUs of a CU
frora among the predictive data generated by inter-prediction processing unit 120 for the
PUs or the predictive data generated by intra-prediction processing unit 126 for the PUs,
In some examples, prediction processing unit 100 selects the predifctive data for the PUs
of the CU based on rate/distortion metrics of the sets of predictive data. The predictive
blocks of the sclected predictive data moay be referved to berein as the selected predictive
blocks.

[6108] Residual generation unit 102 roay generate, based on the huma, Ch and Cr
coding blocks of 2 CU and the selected predictive tuma, Ch and Cr blocks of the PUs of
the Cl, a tuma, Cb and Cr residual blocks of the CU. For instance, residual gencration
unit 192 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 1o a coding block of
the CU and a corresponding sarople in a corresponding sclected predictive block of a
PU of the CU.

[8109] Transform processing unit 104 may perform quad-tree partitioning to partition
the residual blocks associated with a CU jnto transform blocks associated with TUs of
the CU. Thus, a TU may be associated with a luma transform block and two
corresponding chroma transform blocks. The sizes and positions of the huma and
chroma transform blocks of TUs ot a CU may or may not be based on the sizes and
positions of prediction blocks of the PUs of the CU. qu&d free structure known as a
“residual guad-tree” (RQT) may include nodes associated with cach of the regions. The
TUs of a CU may correspond to leaf nodes of the RQT.

{81187 Transform processing ynit 104 may generate cocfficient blocks for each TU otf'a
CU by applying one or more transforms to the transform blocks ot the TU. Transform
processing unit 14 may apply various transforms to a transform block associated with a

TU. For example, transtform processing unit 104 may apply a discrete cosine transforr
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(DCTY, a directional transform, or a conceptually similar transform to a transform block.
In some examples, transform processing unit 104 docs not apply transtforms to a
transform block. In such examples, the transform block may be treated as a coefficient
block.

{8111} Quantization unit 136 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 exampie, an #-bit transform coefficiont may be rounded
down to an m-bit transform coefficient during guantization, where » is greater than m.
Quantization untt 106 may quantize a coefficient block associated witha TU of a CU
based on a gquantization parameter (3P} value associated with the CU. Video encoder
20 may adjust the degree of quantization applied to the cosflicient blocks associated
with a CU by adjusting the QP value associated with the CU. Quantization may
introduce loss of mformation, thus quantized transform coefficionts may have lower
precision than the original ones.

(81121 Tnverse quantization unit 108 and inverse transform processing unit 110 may
apply nverse quantization and inverse transtorms 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 sampies from one or
more predictive blocks generated by prediction processing unit 100 to produce a
reconstructed transform block associated with a TUL By reconstructing transtorm
blocks for each TU of a CU in this way, video encoder 20 may reconstruct the coding
blocks of the CU.

[§113] Filter umit {14 moay perform one or more deblocking operations to 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 ong or
more deblocking operations on the reconstructed coding blocks. Inter-prediction
processing unit 120 moay use a reference picture that contains the reconstructed coding
blocks to perform inter prediction on PUs of other pictures. In addition, intra-prediction
processing unit 126 may vse reconstructed coding blocks in decoded picture buffer 116
1o perform indra prediction on other PUs in the same pictare as the CUL

{6114} Entropy encoding unit 118 may receive data from other functional components
of video encoder 2. For example, entropy encoding unit 118 may receive coefficient

blocks from quantization unit 106 and may receive syntax elements from prediction
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processing unit 100, Entropy encoding unit |18 may perform one or more entropy
cucoding operations on the data to generate entropy-encoded data, For example,
entropy encoding unit 11¥ may perform a context-adaptive variable length coding
(CAVLC) operation, a CABAC operation, a variable-to-variable (V2V) length coding
operation, a syntax-based coutext-adaptive binary arithroetic coding (SBAC) operation,
a Probability Interval Partitioning Entropy (PIPE) coding operation, an Exponeuntial-
Golomb encoding operation, or another type of entropy encoding operation on the data.
Video encoder 20 may output a bitstream that inchudes entropy-encoded data generated
by entropy cncoding unit 1i8. For instance, the hitstream may include data that
represents a RQT fora CU

[#115] FIG. 3 is a block diagram illustrating an example video decoder 30 that is
configured to mplersent the techniques of this disclosure. FIG. 3 is provided for
purposes of explanation and is not liraiting on the techniques as broadly exemplified
and described in this disclosure. For purposes of explanation, this disclosure describes
video decoder 30 1o the context 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.

[#116] In the example of FIG. 3, video decoder 30 mclades an entropy decoding unit
150, a prediction processing unit 152, an inverse guantization unit 154, an inverse
transforr processing unit 156, a reconstruction unit 158, a filter unit 160, and a decoded
picture buffer 162, Prediction processing unit 152 inchudes a motion compensation unit
164 and an intra-prediction processing unit 166, In other examples, video decoder 30
may include more, foewer, or different functional components.

{31171 Video decoder 30 may reccive a bitstream.  Entropy decoding unit 150 may
parse the bitstream to obtain syntax elements from the bitstream. Entropy decoding unit
£50 may entropy decode entropy-encoded syntax elements in the bitstream. Prediction
processing unit 152, inverse quantization anit 154, inverse transform processing unit
156, reconstruction unit 152, and filter unit 160 may generate decoded video data based
on the syntax ¢lements obtained from the bitstream.

[8118] The bitstream may comprise a series of NAL anits. The NAL anits of the
bitstream may iochide coded slice NAL units. As part of decoding the butstrear,
entropy decoding unit 150 may obtain and entropy decode syntax elements from the

coded slice NAL umits. Each of the coded slices may include a slice beader and shice
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data. The shice header may contain syntax elements pertaining to a slice. The syntax
clerpends in the slice header may include a syntax element that identifies a PPS
associated with (i.c., applicable t0) a picture that contains the slice.

[#119] In addition to obtaining syntax elements from the bitstream, video decoder 36
may perform a reconstruction operation on a CU. To perforrs the reconstruction
operation on a CU, video decoder 30 may perform a reconstruction operation on cach
TU of the CU. By performing the reconstruction operation for cach TU of the CU
video decoder 30 may reconstruct residual blocks of the CU.

{61201 As part of performing a reconstruction operation on a TU of a CU, inverse
quantization unit 154 may inverse quantize, i.¢., de-quantize, cocfficient blocks
associated with the TU. Inverse quantization 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 1o apply. That is, the compression ratio,
t.e., the ratio of the number of bits used to represent original sequence and the
compressed one, may be controlled by adjusting the value of the QP used when
quantizing transform coefficients. The compression ratio may also depend on the
method of entropy coding emploved, if any.

{4121} 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
example, inverse transform processing unit 156 may apply an inverse DCT, an inverse
integer transform, an inverse Karhunen-Loeve transtform (KLT), an inverse rotational
transtorm, an inverse directional franstorm, or another inverse transform to the
coefficient block,

#1227 If a PU 1s encoded using intra prediction, intra-prediction processing unit 166
may perform intra prediction to generate predictive blocks for the PUL Intra-prediction
processing unit 166 may use an iotra prediction mode to generate the predictive huma,
Ch and Cr blocks for the PU based on the prediction blocks of spatially-neighboring
PUs. 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.

(61231 When video decoder 30 begins decoding a current picture, prediction processing
unit 152 may determine reference picture subsets for the current picture based on syntax

elements 1n an SPS applicable to the current picture and syntax elements in a slice
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header of a shice of the current picture. The reference picture subsets for the current
picture may inchude RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetSiFoll,
RefPicSetLiCurr, and RefPicSetLiFoil

[#124] One or more LTRP entries may be signaled in the shice header. The LTRP
entries may be signaled in the slice header using indexes and/or explicitly signaled in
the slice header. Each of the LTRP eniries sigualed in the slice header indicates a

by
H

reference picture in a long-term reference picture subset of the current picture {(e.g.,
RetPicSetLiCurr and RetPicSetLiFoll). Tn accordance with one or more techniques of
this disclosure, two LTRP entrics signaled iu the slice header cannot indicate that the
sarae 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 jo a long-term reference picture set
of the current picture, 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.

{8125} Prediction processing unit 152 may construct a first reference picture list
{RetPicListd) and a second reference picture list (RetPiclistl ) based at least in part on
the reference pictures in decoded picture buffer 162 and the reference pictures in
RefPicSetSitCurrBefore, RefPicSetSitCurrAfter, and RefPicSetitCurr. Furthermore, it a
PU s encoded using inter prediction, entropy decoding unit 150 may extract motion
information for the PUJ. Motion corapensation unit 164 may determine, based on the
motion information of the PU, one or more reference regions for the PU. Motion
compensation unit 164 may generate, based on samples blocks at the one or more
reference blocks for the PU, predictive tuma, Ch and Cr blocks for the PU.

{126} Reconstruction unit 158 may use the fuma, Cb and Cr transform blocks
associated with TUs of a CU and the predictive tuma, Cb and Cr blocks of the PUs of
the CU, i.e., either intra-prediction data or juter-prodiction data, as applicable, to
reconstruct the lama, Cb and Cr coding blocks of the CU. For examaple, reconstruction
unit 158 may add samples of the luma, Cb and Cr transform blocks to corresponding
saroples of the predictive tumsa, Cb and Cr blocks to veconstruet the uma, Ch and Cr
coding blocks of the CUL

#1277 Filter unit 160 may perform a deblocking operation to reduce blocking artifacts

associated with the tama, Cb and Cr coding blocks 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 162 may provide reference pictures for subsequent motion
compensation, intra prediction, and presentation on a dispiay device, such as display
device 32 of FIG. 1. For instance, video decoder 30 may perform, based on the luma,
Ch 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 cocfficient levels, apply & transform to the transform coefficient
levels 1o generate a transforro block, generate, based at least in part on the transform
block, a coding block, and output the coding block for display.
{4128} FIG. 4 is a flowchart iHustrating 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). To addition, video encoder 20
may signal, in g slice header for a current slice of a current picture, a first LTRFP entry
(204). The first LTRP entry indicates that a particular reference picture is in a long-
torm reference picture st of the current picture.  Furthermore, video encoder 20 may
signal, in the slice header, a second LTRP 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 pictare (206).
EEHZ‘)} In some examples, the SPS includes a set of one or move LTRP entries that
inchudes the first UTRP entry. In some such examples, video encoder 20 generates the
SPS such that the SPS inchides the first LTRP entry only if the SPS dogs not already
fachide a copy of the first LTRP eniry. That s, video encoder 20 may generate the SPS
uch that the SPS conforms to g restriction that prohibits the SPS from inchuding two or
more copics of the same LTRP entry. For instance, a bitstream may fail to pass a
bitstrear conformance test if the SPS includes two or more copies of the same LTRP
eniry,
(81368} FIG. 5 is g flowchart tHlustrating an example operation 250 of video decoder 30,
in accordance with ong or more techniques of this disclosure. As ilustrated in the
example of FIG. 5, video decoder 30 may obtain, from a bitstream, an SPS that is
applicable to a current picture (252). Tn addition, video decoder 30 may obtain, from
the bitstream, a slice header of a current slice of the current picture {254). A set of one

or roore L TRP entries are signaled in the slice header. The set of one or more LTRP
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entries may include a first LTRP entry indicating that a particular reference picture is 1o
a long-term reference picture set of the current picture. Furthermore, the set of one or
more LTRP entries 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.
(8131} Video decoder 30 may generate, based at least in part on the one or more LTRP
entrigs, 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),
133321 In some cxamples, the SPS may inchude 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 inclode the second LTRP entry only if the second LTRP
entry does not indicate that the particular reforence picture 1 in 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 shice header from jochuding a particular LTRP entry
if the slice header includes an index to an equivalent LTRP entry in the SPS. Thus, a
hitstream may fail to satisfy a bitstream conformance test if the slice header inchudes a
particular ETRP entry and there is an equivalent LTRP entry in the SPS. In this
example, the particular LTRP entry inclades a LSB syntax element and a usage syntax
clement. Furthermore, in this exarople, the equivalent LTRP entry includes a LSB
ivtax element that matches the LSB syntax element of the particular LTRP entry and
e equivalent LTRP entry inchudes a asage syntax clement that matches the usage
syntax eclement of the particular LTRP.
{81331 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
second LTRP entry only 1f the second LTRP entry does not fndicate that the particular
reference picture is 1o 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 including two or more copies of the same LTRP entry. Thus, the
SPS is prohibited from including two LTRP entries that have the same LB syntax
clerpends and usage flag syntax elements. Furthermore, the slice header may be 1o
compliance with a restriction that prohibits the slice header from inchuding two indexes

to a single LTRP entry in the SPS. For example, it the SPS fochides au LTRP eotry
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associated with the index the shice header cannot include the ndex valae “2” more
than once.

133351 In other examples, the slice header may inchude the first LTRP entry. In such
exampies, the slice header may include the second LTRP entry only if the second LTRP
entry does not indicate that the particular reference picture 18 in the long-term reference
picture set of the current picture. Thus, the slice header may be in compliance with &
restriction that prohibits the slice header from including two LTRP entries that indicate
reference pictores having the same POC valoe

[#136] The following section describes changes to HEVC Working Drafi 8 that may
impicment one or more techniques of this disclosure. In the following section, text
inserted into HEVC Working Draft 8 is shown below in italics and text removed from
HEVC Working Draft & is shown below as struck-through. Other parts not mentioned
below may be the same as in HEVC Working Drafi R.

101371 Insection 7.4.2.2 ot HEVC Working Draft 8, the semantics for

used by curr pic It sps flagl 1 ] are moditied as follows:

reference picmre speciﬁed in the sequence parameter set is not used for reference by a
picture that includes in 1ts reference picture set the i-th candidate long-term refercnce
picture specitied in the sequence pararaeter set. For any { and j in the range of ()

to num long term_ref pics sps—{, inclusive, if i is not equai to j and

T f\-"'u 1 7

it ref pic poc Isb spsf 1] is equal io It ref pic_poc Isb_spsfj ], then

used by cury pic It sps ﬂagg i ] shall not be equal to

{8138} This modification to section 7.4.2.2 of HEVC Working Drraft § may, in

accordance with one or more techmuques of this disclosure, imaplement the restriction
that disallows a slice header from xzondimg {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
short_term_vel pic_sef idx v}
if{ long_term_ret pics present flag ) {
i pum Jong term_rel pics_sps > ()
neys_long term_sps ue(v)
aum_long term_pics uelv)
for{ i = 0; 1 <<oum_long terra_sps + num_long term_pics; vt )
i i <o _long teron sps )
e idx_sps|i] w{v}
else |
poc b 1 1] v
used_by_curr_pic K flag{i}] w1}
H
delta-pec—msb-precent—Bagl4d eSS
#H-dela-—poc—tsb—presest—HasH1
delta_poc_msb_cyele It plus?{i] ue(v)
}
s

This modification to 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 flagi] syntax element and the modification of the

delta poc msbh cyele It syntax clement to cover all cases,

[3140] In section 7.4.5.1 of HEVC WD &, the slice header sernantics may be modified

as follows:

poc_lsb It 1 ] specifies the value of the least significant bits of the picture order coant
value of the i-th long-term reference picture that is included 1o the long-term reference
picture set of the current picture. The length of the poc Isb Itf 1 ] syntax eloment is

fog? max pic order cnt Isb minusd + 4 bits. For any values of j and k in the range of
sum_Jong term sps to num long term sps -+ num long term pics — 1, inchusive, if j s

less than k, poc Isb Bf 1 shall not be less than poc Isb W k.

ased by _curr_pic ¥t flag] 1 ] equal to 0 specifies that the i-th long-term reference
picture included in the long-term reference picture set of the current picture is not used
for reference by the current picture. For any value of j in the range of 0

to num_long term_vef pics sps— 1, inclusive, if poc Isb It{ i ] equals
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lt_ref pic poc Isb_sps{j], used by _curr_pic_lt flagfi] shall not equal

used by curr pic It sps Hagli]

The variables Poclsbli] 1 ] and UsedByCuorrPiclA] 1 ] are derived as follows.
If i1s less than num lfong term sps, PocLsbLt] 1 ] s setequal to
il_ref_;:)ic_poc_isb_sps[ foidx sps{ 171 and UsedByCurrPiclt] 1 ] 1s set equal o

Otherwise, PocLsbLt] 1 ]is set equal to poc_Isb 1t] 1 ] and UsedByCurrPicLt] 1 |

is set equal to wsed by curr pic It flagfi ]

delta poc msh eyele 1t plusi{ 1] minus 1 15 used to determine the value of the most

significant hits of the picture order count value of the -th long-term reference picture

that is included in the long-term reference picture set of the current picture.

delta_poc msb_cvele It plusl{i] shall be greater than 0 when there is more than one
reference picture in the decoded pictuve buffer, excluding those picturves that are

signaled as short-term reference picture for the current picture, with picture order

count modulo MaxPicOrderCntlsh equal to Poclsbit] i].

7s

NOTE — When the value of delta_poc_msb_cvele It plusi[1] 15 0, the M5B oycle is
considered not signaled for the i-th long-term reference picture,
The variable DeltaPocMSBCyclelsf 1] s derived as follows,
if{i == 0 || i== gum_long term sps || Poclsblt[i—1] 1=
PocLsbLt{ i ])
DejtaPocMSBCycleLt][ 1 }=delta poc msh cycle It
clse {7-33)
DeltaPocMSBCyelelt[ 1
DeliaPocMSBCyclelt] i— 1
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The vahie of DeltaPocMSBCycieLt] 1 | * MaxPicOrderCotLsb + pic_order ont Ish—

Poclsblt] 1] shall be in the range of 1 10 2% 1, inclusive. For i and in the range of )

to num long term sps + num _long term pics — 1, inclusive, if i is not equal to § and

(o

¥

Poclsbitf i ] is equal to Poclsbiif § ], DeliaFocMER yelels] | [ shall not be equal to
DeltaPocMSBCvcleli] f ],

{8141} The modification to the semantics of the used_by curr_pic It flagli] syntax
eleroent may, in accordance with one or more technigues of this disclosure, implement
the restriction that a shice header 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 & remove the semantics of the

delta_poc wsb_present_flagli] syntax clement, in accordance with one or more
techniques of this disclosure. Furthermoore, the changes shown above to section 7.4.5.1
of HEV( Working Draft ¥ modify the semantics of the delta_poc_msb_cyele It syntax
eleroent iu accordance with one or more techumques of this disclosare. In addition, the
clause “excluding those pictures that are signaled as short-terma reference picture for the
current picture” in the semantics for the delta_pec_msh_cyele It plusi syntax clement
may be part of the implementation of techniques of this disclosure for restricting video
encoder 20 from sigualing the MSBs of an LTRP when there are # (where n > 1)
reference pictures in the DPB with the sarmme LSB and # — 1 of those reference pictures
are signaled as STRPs and the n-th picture is signaled as an LTRP. Furthermore, the
clause “for i and j in the range of § to num_long term sps +pum long term pics — |,
inclusive, if i 18 not equal 1o j and PocLsbLif 1 11s equal to Poclsbit] 1],
DeftaPocMSBCyclelt] 1 ] shall not be equal to DeltaPocMSBCyclelt] 1 17 may be part
of the implementation of the techniques of this disclosure that mandate that cach L'TRP
signaled in a shice header must refer to a distinet reference picture among all the LTRPs
signaled in the slice header.

{8142} In alternative examples, the slice header semantics may be the sarae as those
shown in the exampie above, except that the clause “for i and j in the range of § to
rurn_long term sps + num long term pics — 1, inchusive, if 1 18 not equal to § and
Poclsblaf 1]1s equal to PocLsblt] 1 ], DelaPocMSBCyclel ] 1 1 shall not be equal to
DeltaPocMSBCyclelt] § 1.7 is omitted from the semantics of the

delta poc msb cyele Ut plasifi] syntax element.
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[8143] Tn section 8.3.2 of HEVC Working Diraft &, the decoding process for a reference

picture set may be modified as follows:

Five lists of picture order count values are constructed to derive the
reference picture set; PocSiCurrBefore, PocStCurrAfier, PocStFoll, PocLiCurr,
and PocLtFoll with NumPocStCuarrBefore, MNumPocStCurrA fter,
NomPocStFoll, NumPocliCurr, and NumPocliFoll number of clements,

respectively.

If the current picture is an 1DR picture, PocStCurrBetore, PocStCurrAfter,
PocStFoll, PocltCurr, and PocLiFoll are all set to empty, and
NumPocStCurrBefore, NomPocStCurrAfier, NumPocStEoll,

NumPocLtCurr, and KumPocltFoll are gl setto @,

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

arder count values and the numbers of entries.

— for(1=0, =0, k=0; 1 < NumNegativePics] StRpsldx ] ; i++)
iff UsedByCurrPicS0{ StRpskdx {1 1)
PocStCurrBefore| #++ | = PicOrderCntVal +
DeltaPocSO[ StRpsldx J[ 1]
clse
PocStFoll] k++ | = PicOrderCntVal + DeltaPocS0{] StRpsldx i 1]

i
3

NumPocStCurrBefore =

for( 1=0, j=0; 1 < NumPositivePics| StRpsldx |; i++)
ff UsedByCurrPicS1] SRpstdr {1 1) (A)
PocStCurrAfter] j++ ] = PicOrderCnrVal + DeltaPocS1[ StRpsidx J{ 1]
clse
PocStFoll] k++ | = PicOrderCntVal + DeltaPocS1{ StRpsldx i1}
NumPocStCurrAfter =
NumPocStFoll =k
(8-5)

for(1=8, =0, k=0;1 <mun long term sps +num long ferm pics;
N 3 3 g e — . 4 SN 9
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pocit=Poclshit] 1]

pocLi += PicOrderCntVal — DeltaPocMSBCyclelt] 1 ] *
MaxPicOrderCntLsh — pic_order cnt_ish

i UsedByCurrPiclt{1]) ¢

PoclitCurr| j | = poclt

CurrDeltaPocMsbPresentFlagl j++ ] =(

delta poc msb §

Lelae {

PocLiFollf k | = poclt (B)
FoliDehaPocMsbPresentFlag] ki ] = (

delta poc msb present—flegcvele Ir plusif i[> 0)
3
H

h]

i

NumPocltCurr =3

NumPocliFoll=k

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

specified in subclause 8.3.1.

NOTE2-~A wvalue of StRpsldx in the range from § o
rum 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 hist
of short-term reference pictare sets in the order in which they are signaled in
the sequenceparameter set. StRpsldx equal to nuro_short term ret pic scis
indicates that a short-term reference picture set explicitly signaled in the

siice header is being used.

vy s ~ o e e 1 = "
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vy LA N 4 -0 Y P R L N ) W ULlL T J BN ARITELY (g )
PoeSiCareAftert4 & MaxPieOrderCatbabd-3-3:

---------- There-shall-be-no-i-in-the-range-of-B-to-NumbPoeSiFoll—f-inclasiverfor

£
[

The reference picture sot consists of five lists of reference picture
entries;  RefPicSetStCurrBefore, RefPicSetStCurrAfier, RefPicSetSiFoll,
RetPicSetltCurr and RefPicSetltFoll. The variable NumPocTotalCurr is set

equal to NumPocStCurrBefore + NumPocStCurrA fier + NumPocLiCurr.

It 18 a requurersent of bitstrears conformance that the following applies

to the value of NumnPocTotalCurr:

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

NumPocTotalCurr shali be equal t0 §.

-~ Otherwise, when the current picture contains a P or B slice, the value of
NumPocTotalCurr shall not be equal to 0.
—  NOTE 3 - RetPicSetStCurrBefors, efPicSetStCurrAfter and
RefPicSetltCurr contains all reference pictures that may be used io ioter
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.
RetPicSetStFoll and RefPicSetLtFoll consists of all reference pictures that
are mot used in inter prediction of the current picture but may be used in
inter prediction of one or more of the pictures following the current picture
i decoding order.
The derivation process for the reference picture set and picture marking
arc performed according to the following ordered steps, where DPB refers to

the decoded picture butfer as described in Annex :
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1. The following applies:

—  for( 1=0; 1 < NumPocltCurr; i++ )
iff 1CurrDeltaPocMsbPresentFlag{ 1] )

iff there is a teng-term reference picture picX in the DPB {

with pic_order cnt lsh equal to PocLtCurr| 1 ]

and with PicOrderCntVal not in any of PocStCurrBeforef ],
PocStCurrdfier] |, and PocStFollf 1)
RefPicSettCurnt] i I =picX

--------- elee-ifl-there-is-a-chort-term reference picture pie¥-in-the DEB

RetfPicSetLiCurr| i | = "no reference picture”

clae
Hff there 18 4 lene-temm refercnce picture picX in the DPB

with PicOrderCntVal equal to PocLtCurr[ i ])

RefPicSetLtCurr] 1 | = picX

clse

RefPicSetialCurt] 1 } = "no reference picture”

(8-6)
for 1=0; 1 < NumPocLtFoll; i++ )
H{ [FoliDeltaPocMsbPresentFlagf 1 1)
H{ there is 4 Jesg-ters reference picture picX in the DPB
with pic_order cunt Ish equal to PocLtFoll{ 1]
and with PicOrderCntVal not in any of PocStCurrBeforef ],

PocStCurrAfrerf ], and PocStFolif [

14



WO 2014/052123 PCT/US2013/060416

else
RetPicSetLiFoll] 1] = "no reference picture”
clse
H{ there is 4 deng-term reference picture picX in the DPB with
PicOrderCntVal to PocltFolll 1 1)
RefPicSetLtFoll 1 ] = picX

RefPicSetLiFoli] 1 ] = "no reference pictare”

2. All reference pictures inchuded i RetPicSetLtCurr and RefPicSetLtFoll
are marked as "used for long-term reference”, and the following

s 58 F 5 i ' 7'!
constraints apply.

Foreqch i in the range of 0 to NumPocltCurr — 1, inclusive, it is
@ requirement of bitstream conformance that the following conditions
applv:

H

o There shall be no j in the range of 0 to
NumPocStCwrvBefore — 1, inclusive, for which PicOrderCntVal

of RefPicSetltCurrf i ] is equal to PocStCurrBefore] j ]

o There shall be no j in the range of 0 to NumPocSiCurrdfter — 1,
inclusive, for which PicOrderCutVal of RefPicSetLitCurr{ i [ is

equad fo PooStCurrdfterf i ].
o There shall be no j in the range of 0 o NumPocStFoll — 1,
inclusive, for which PieQOvrderCntVal of RefPicSetlaCurrf i ] is

equal to PocSitFolif j [,
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For each [ in the range of (¢ to NumPocLliFoll — 1, inclusive,
when RefPicSetliFoll{ 1 ] is not equal to “no veference picture”, it is a
requirement of bitstream conformance that the following conditions

applv:

o There shall be no j in the range of 0 to
NumPocStCurrBefore — 1, inclusive, for which PicOrderCntVal

of RefPicSetLeFolif i | in equal to PocStCurvBeforef j [

o There shall be no j in the range of 0 o NumPocStCurrAfter — 1,
inclusive, for which PicOvrderCntVal of RefPicSerfaFolif i ] is

7
'}

equai to PocStCurvdfier] j .

O

There shall be no § in the range of (0 to NumFPocStFoll — 1,
. C . o it P e {E}
inclusive, for which PicOrderCntVal of RefPicSetLiFolif i | is .

roe

equal to PocStFoll{ j .
3. The following applies:

for( 1= 0; 1 < NumPocStCurrBefore; i++ )
il there is a short-term reference picture picX in the DPB
with PicOrderCntVal equal to PocStCurrBefore[ 1 )
RefPicSetStCurrBefore| 1 | = picX
else

RefPicSetStCurrBefore] 1 | = "no reference picture”™

—  for( 1= 0; 1 < NumPocStCurrAfter; i++ )
iff there is 2 short-term reference picture picX in the DPB
with PicOrderCntVal equal to PocStCurrAfterf i )
RetPicSetStCurrAtfter] 1 | = picX
else
RefPicSetStCurrAfter] 1 ] = "no reference picture”

(8-7)

o~
T
R

- for( 1= {; + <NumPocStFoll; +++ )

tf{ there is a short-term reference picture picX inthe DPB
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with PicOrderCntVal equal to PocStFoll 1 D
RefPicSetSiFollf 1] =picX
clse

RefPicSetStFollf i | = "no reference picture”

4. All reference pictures in the decoded picture buffer that are not included
in RefPicSetLiCurr, RefPicSetitloll, RefPicSetStCurrBefore,
RefPicSetStCurrAfter or RetPicSetStFoll are marked as "unused for
reference”.

— NOTE 4 - There may be one or more reference-pietires—that-are
weladed entries in the reference picture sot but equal 10 “no reference
picture” because the corresponding pictures are not present in the
decoded picture buffer. Entries in RefPicSeiStFoll or RefPicSetLtFoll
that are equal to "wo reference picture” should be ignored. An
umntentional picture loss should be inforred for cach entry in
RefPicSetStCurrBefore, RefPicSetStCurrAfier and oF
RefPicSetltCurr that is equal to "no reference picture”.
It is a requireroent of bitstrearn conformance that the refercuce picture
set is restricted as follows:
— There shall be no entry in RefPicSetStCurrBetore, RefPicSetStCurrAfter or

RefPieSetbaCurr for which one or more of the following are rue.

—  The entry 18 equal to "vo reference picture”.

—  The entry 15 a picture that bhas nal unit_type equal to TRAIL N,
TSA N 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 pictare is a TSA pictare, there shall be no picture included

in the reference pictare set with Temporalld cqual to or greater than thar

the-Femperatds of the current picture.
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~  When the current picture is an STSA picture, there shall be no picture
included i RetPicSetStCurrBefore, RetPicSetStCuarrAfter oF

RefPicSetiiCurr that has Temporalld equal to that of the current picture.

—  When the current picture is a 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
included i RetPicSetStCurrBefore, RetPicSetStCuarrAfter oF
RefPicSetiiCurr that preseded precedes the STSA picture in decoding

arder.

—  When the current picture is 8 CRA picture, there shall be no picture
included in the reference picture set that precedes, in decoding order, any

preceding RAP picture in decoding order (when present).

—  When the current picture is a trailing picture, there shall be no pichure in
RefPicSetStCurrBefore, RefPicSetStCurrAtier 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
eference picture set that precedes the associated RAP pichure o output

order or decoding order.

- When the current picture is 2 DLP picture, there shall be no picture included
in RefPicSetStCurrBefore, RefPicSctSiCurrAfier or RefPicSetLiCurr that is

any of the following types of pictures.
- A TFD picture.

A picture that was generated by the decoding process for generating

unavatlable reference pictares as specified in subclause 8.3.3.

- A picture that precedes the associated RAP picture in decoding

order.
—  When the sps_teroporal_id nesting flag is equal to 1, the following applies.

Let tldA be the value of Temporalld of the current picture picA. Any
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picture picB with Temporalld equal to t1dB that is less than or equal to tIdA
shall not be included v RefPicSetSiCurBefore, RefPicSetStCurrAfler and
or RetPicSetLtCurr of picA when there exists a picture picC with
Temporalld equal to tIdC that is less than tidB, which follows the picture
picB in decoding order and precedes the picture picA o 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 idxd and idxB in the range of 0 to
num_short term ref pic sets, inclusive, one or more of the following shall
he irue.

—  NumNegativePics{ idxA ] is not equal to NumNegativePios{ idxR ].

—  NumPositivePics{ ided ] is not equal o NumPositivePics id«<B §.

—  When NumNegativePics{ idxA | and NumPositivePics] idxA | equal
NumNegativePicsf idxB ] and NumPositivePics] idxB ],

L

respectively, there exists either an i in the vange of 0 io

NumNegativeFPics{ ideB | 1, inclusive, Jor which
{Used BvCurvPicSO[ idxd [fi] is net equal o

Used ByCuryPicS0] idxR [ i ] or DeltaPocSOf idxA J[i] is not

equal to DeltaPocSOf idxB [f 1 ], or there exists a j in the range of O

to NumPositivePics{ idxB ] - 1, inciusive, Jfor Which
Used ByCurrPicSIf idxd JTj] is not equal fer

Used ByvCurrPicS1] idxB ][ j] or DeltaPoc8ifidcd [ 7] {5 not

v

equal to DeltaPocSi] idxR {f | ], or both such i and j,

NQOTE — No two shori-term reference picture set candidates
signaled in the sequence parameter set can be identical, and a short-
term reference picture sei patiern cannot be explicitly signaled in the
slice header if an identical candidate is present in the candidate list

in the sequence parameier sel.

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

— For each i in the range of 0 to NumPocLiFoll -1, inclusive, when
RefPicSetltFoll{ 1] is wnot equal to “no referewce picture”, it is a
requirement of bitstream conformance that theve shall be no J in the range
of O to NumPocltCurr— 1, inclusive, for which PicOrderCnt¥al of

RefPicSetltFollf 1] is equal to PicOrderCntVal of RefPicSetLtCurr| |

{6144} 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

delta poc msb present tlagli] syntax clement and modifying the

delta poc msb cycle t[i] syntax element to cover all possible cases (1.¢., 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), (I3}, and {F} may be part of the
tpleroentation of the techuiques of this disclosure for restricting video encoder 20
from signaling the M3Bs of an LTRP when there are » {where n > 1) reference pictures
ju the DPB with the same LSBs and # — 1 of those reference pictures are signaled as
STRPs and the n-th picture is signaled as an LTRP.

81451 The modification labeled (E) sbove may be part of the implementation of the
techniques of this disclosure for restricting video encoder 20 such that no two STRP
candidates that are signaled 1o the SPS are identical, and a STRPS pattern shall not be
explicitly signaled in the slice header if an identical pattern is signaled among the short-
erm RPS candidates in the SPS.

[6146] In some examples, element 2 i the decoding process for a reference picture set

shown above may be repiaced with the following:

2. All reference pictures included in RetPicSetLiCurr and RetPicSetLiFoll are
marked as "used for long-term reference”, and the following constraints apph.

For each i in the range of O to NumPocliCurr — I, inclusive, it is

reguirement of bitstream conformance that the following conditions apply:
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There shall be no j in the range of 0 to NumPocSiCurrBefore — I,
inclusive, for which PieQOrderCntVal of RefPicSetlaCurrf 1 ] is equal to

PocSiCurrBeforef j ]

There shall be no § in the range of () to NumPocStCurrdfier — i,
inclusive, for which PicOrderCrntVad of RefPicSetLiCurr{ 1 ] is equal to
FocStCurrAfrerf ]

There shall be no j in the range of 0 to NumPocStFoll — 1, inclusive, for
which PicOrderCniVal of RefPicSetltCury{ 1 ] is equal 1o PocStFolif j .
There shall be no j in the range of @ to NumPocLtCurr — Linclusive,
where § is not eguad to §, for which PicOrderCntVal of
RefPicSetleCurri i § is equal to PicOrderCntVal of

RefPicSetitCarri § [,

For eqch i in the vange of 0 to NumPocLiFoll — 1, inclusive, when

RefPicSetltFollf i ] is not equal to “no reference picture,” it is a requirement of

bitstream conformance that the following conditions apply:

O

\
19

O

There shall be no § in the range of ) to NumPocStCurrRefore — 1,
inclusive, for which PicOrderCntVal of RefPicSetLiFoll] i | is equal to

FocStCurvBeforef § 1.

There shall be no j in the range of 0 to NumPocStCurrdfier — 1,
inclusive, for which PicOrderCntVal of RefPicSetliFolif i | is equal to

PocStCurrAfierf j ]

There shail be no j in the range of 0 to NumPocStFoll — 1, inclusive, jor

which PicOrderCntVal of RefPicSetltFolll { ] is equal to PocStFolll .

There shall be no j in the range of § to NumPocLliCurr — Linclusive,
for which PicOrderCatVal of RefPicSetdiFolifi] is egual to
PicOrderUntVal of RefPicKedl tCurr{ § [,

There shall be no j in the range of § to NumPocliFoll — Linclusive,
where j is not equal to § and RefPicSetLeEollf § | is not equal to “ne
veference picture”, for which PicOrderUniVal of RefPicketleFolil if is
egual to PicOrderCneVal of RefPicSetliFoll]j [
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{147} The clanses shown in bold talics 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 cach LTRP that is signaled (explicitly or indexed) in the
slice header must refer to a distinct reference picture among all the LTRPs that are
signaled (explicitly or indexed) in the shice header.
{8148} In an alternative example, the clause “For cach 1 in the range of 0 10
MNumPocLiFoll — 1, inclusive, when RefPicSetLtFoll] 1 | is not equal to "no reference
picture,” it is a requirernent of bitsirearn conformance that there shall be no j in the range
of O to NumPocLtCurr — 1, inclusive, for which PicOrderCotVal of RefPicSetitFolif 1]

Iy

is equal to PicOrderCntVal of RefPicSetLiCurr| j 7 may be omitted from the example

above and replaced by the following:

Alternatively, in the derivation of DeltaPocMSBCycleltf 1 ] in Eqn 7-33,

9

“delta poc msb ¢yele It plusi[ 1] — 1718 replaced with “Max{ §,

delta poc msh cycle It plustii]— 1) The resultant derivation of

DeliaPocMSBCyclelt] 1 ] is given below.

The variable DeltaPocMSBCyclelt] 1 s derived as follows,

if{i == 0 || i== gum_long term sps || Poclsblt[i—1] 1=
PocLsbLt{ i ])

DeltaPocMSBCyclelt] 1
else {7-33}

= Max{ 0, delta poc msb cycle B plusifij 1)

[—

DeltaPocMSBCyelela] 1 = Maxe 0, delta poc b eyele W plusifi]—-1)
+ DeltaPocMSBCyclelt] 11 ]

The example method of determining DeltaPocMSBCyclelt{1] may be part of the
tmplersentation of removing the delta poc msh present flagli] syntax element and
modifying the delta_poc_rash_cvele 1] syntax elernent 1o 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).

(81491 In one or more examples, the functions described may be implemented 1n

hardware, software, firmware, or any combination thereof. I iroplemented in software,
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the functions may be stored ov or transmitted over, as one or more instruoctions or code,
a computer-readable medivm and executed by a hardware-based processing uuoit.
Cormaputer-readable media may include computer-readable storage media, which
corresponds o a tangible medium such as data storage media, or communication media
nclading any mediur that facilitates transfer of a computer program from one place to
amtber, e.L., accm‘ding 10 4 comnmmunication protocol. In this manner, computer-
readable media gonerally may correspond to (1) tangible computer-readable storage
media which is non-transitory or {2) 8 communication medium such as a signal or
carricr wave, Data storage media may he any available media that can be accessed by
ORC OF MOTe computers of One OF MOTe Processors 1o retrieve 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 roedia
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 mediam that
can be used 1o store desired program code in the form of instructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if instructions are transmitted froma
wehsite, server, or other remote source vsing 8 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
technologies such as infrared, radio, and microwave are included in the definition of
medivm. 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 insicad direcied to non-transient, tangible storage media. sk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and Blu-ray disc, where disks vsually reproduce data magnetically
while discs reproduce data optically with lasers. Combinations of the above should also
be inchuded within the scope of computer-readable media.

81511 Instructions roay be execuated 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 circuttry. Accordingly, the term “processor,” as
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used herein may refer to any of the foregoing structure or any other structure saitable for
mmplementation of the techniques described hervein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or

sotftware modules configured for encoding and decoding, or incorporated in a combined

&2
codec. Also, the techniques could be fully implemented in one or more ¢ircuits or logic
clements.

{0152] The techniques of this disclosure may be implemented in a wide variety of

devices or apparatuses, inchuding a wireless handset, an integrated circuit (IC) ora set of

o]

Cs (e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize 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 1 a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firroware.
[8153] Various exarnples have been described. 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 com-
prising:
obtaining, from a bitstream that includes encoded video
data, a slice header of a current slice of 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, Ref-
PicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll,
reference pictures in RefPicSetl tCurr and RefPic-
SetLtFoll being long term reference pictures
(LTRPs);

a set of one or more LTRP entries is received in the slice

header,

each respective LTRP entry of the set of one or more

LTRP entrics is a tuple consisting of a first syntax
clement and a second syntax element, the first syntax
element indicating least significant bits of a Picture
Order Count (POC) value of a respective LIRP of
the LTRPs, the second syntax element indicating
whether the respective LI'RP 1s used for reference by
the current picture, and

the slice header 1s in compliance with a restriction that

prohibits the slice header from signaling two ['TRP
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 com-
prising video blocks;
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performing, based on the video blocks of the one or more
reference pictures stored in the decoded picture buffer,
prediction of the video data.

2. The method of claim 1, wherein:

the method further comprises obtaining, from the bit-

stream, a sequence paramcter set (SPS) that is appli-
cable to the current picture, the SPS including a par-
ticular I.TRP entry that refers to a particular reference
picture, the particular LTRP entry being in the set of
one or more LTRP entries; and

the particular LTRP entry 1s signaled in the slice header by

the slice header including an index to the particular
LTRP entry.

3. The method of claim 2, wherein the particular LTRP
entry is a first LTRP entry and the slice header includes a
second LTRP entry only if the second L'TRP entry does not
indicate that the particular reference picture 1s in a long-term
reference picture set of the current picture.

4. The method of claim 2, wherein:

the particular LTRP entry 1s a first LIRP entry,

the SPS includes the first CTRP entry and a second LTRP

entry; and

the slice header includes an index to the second [.TRP

entry only if the second L'TRP entry does not indicate
that the particular reference picture is in a long-term
reference picture set of the current picture.

5. The method of claim 2, wherein the SPS 1s in compli-
ance with a restriction that prohibits the SPS from including
two or more copies of the same LTRDP entry.

6. The method of claim 2, wherein the slice header i1s in
compliance with a restriction that prohibits the slice header
from including two indexes to a single LTRP entry in the
SPS.
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7. The method of claim 2, wherein, for cach respective
L.IRP entry in the SPS, the slice header does not include an
LTRP entry matching the respective LTRP entry in the SPS.

8. The method of claim 2, wherein the particular LTRP
entry is a first LTRP cntry and the slice header is in
compliance with a restriction that prohibits the slice header
from including a second I'TRP entry if the slice header
includes an index to an cquivalent I TRP 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 LSI3 syntax element
that matches the LSB syntax element of the second LTRP
entry and the equivalent [ .TRP 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
['TRP entry and the [.SB syntax clement of the cquivalent
I.TRP entry indicate I.SBs 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
[.TRP entry indicate whether reference pictures are used for
reference by the current picture.

9. 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 ['I'RP entry does not indicate that the particular
reference picture is in the long-term reference picture set of
the current picture.

10. 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.

11. The method of claim 1, wherein the slice header is in
compliance with a restriction that prohibits the RefPicSetLt-
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Curr 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.

12. A video decoding device comprising:

a decoded picture buffer; and

one or more processors configured to:

obtain, from a bitstream, a slice header of a current slice
of 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, RefPicSetl tCurr and RefPic-
Setl tFoll, reference pictures in RefPicSetLtCurr
and RefPicSetLtl'oll being long term reference
pictures (I.TRPs);

a set of one or more LTRP entries is received in the
slice header,

each respective LTRP entry of the set of one or more
LTRP entries 1s a tuple consisting of a {irst 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 1s in compliance with a restriction
that prohibits the slice header from signaling two
LTRP entries referring to the same reference pic-
ture;
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store one or more of the reference pictures in the
decoded picture buffer, the one or more reference
pictures comprising video blocks:
perform, based on the video blocks of the one or more
references pictures stored in the decoded picture
buffer, prediction of the video data.
13. The video decoding device of claim 12, wherein:
the one or more processors are further configured to
obtain, {rom the bitstream, a scquence parameter set
(SPS) that 1s applicable to the current picture, the SPS
including a particular UTRP entry that refers to a
particular reference picture, the particular [,TRP entry
being in the set of one or more L'TRP entries; and

the particular LTRP entry 1s signaled in the slice header by
the slice header including an index to the particular
[.TRP entry.

14. The video decoding device of claim 13, wherein the
particular LTRP entry 1s a first LI'RP entry and the slice
header includes a 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.

15. The video decoding device of claim 13, wherein:

the particular LTRP entry 1s a first [.TRP entry,

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

entry; and

the slice header includes an index to the second ILIRP

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.

16. The video decoding device of claim 13, wherein the
SPS 1s in compliance with a restriction that prohibits the SPS
from including two or more copies of the same LTRP entry.
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17. The video decoding device of claim 13, wherein the
slice header is in compliance with a restriction that prohibits
the slice header from including two indexes to a single LIRP
entry in the SPS.

18. The video decoding device of claim 13, 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.

19. The video decoding device of claim 13, wherein the
particular LTRP entry is a first LTRP entry and the slice
header 1s 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 LI'RP entry includes a LSB
syntax element that matches the 1.SB syntax clement of the
second LTRP entry and the equivalent I'TRP 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
picturc order count (POC) values, wherein the usage syntax
element of the second LTRP entry and the usage syntax
clement of the equivalent LTRP entry indicate whether
reference pictures are used for reference by the current
picture.

20. The video decoding device of claim 12, wherein the
slice header includes a first LTRP entry indicating that a
particular reference picture 1s in a long term reference
picture set of the current picture and includes a second LTRP
entry only if the second UTRP entry does not indicate that
the particular reference picture is in the long-term reference
picture set of the current picture.
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21. The video decoding device of claim 12, 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.

22. The video decoding device of claim 12, wherein the
slice header is in compliance with a restriction that prohibits
the RefPicSetl tCurr from including two reference pictures
with the same POC value, a restriction that prohibits the
RefPicSetl tFoll from including two reference pictures with
the same POC value, and a restriction that prohibits the
RefPicSetLtCurr and the RefPicSetl.tFoll {rom including
reference pictures with the same POC value.

23. The video decoding device of claim 12, wherein the
video decoding device comprises at least one of:

an integrated circuit;

a miCroprocessor; or

a wireless communication device.

24. The video decoding device of claim 12, further
comprising a display configured to display decoded video
data.

25. A video decoding device comprising;:

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

current slice of 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, Ref-
PicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll,
reference pictures in RefPicSetLtCurr and RefPic-
SetLtFoll being long term reference pictures
(LTRPs):

a set of one or more LTRP entries is received in the slice
header,
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each respective LTRP entry of the set of one or more
LTRP entries is a tuple consisting ot a first syntax
element and a second syntax element, the first syntax
element indicating least significant bits of a Picture
Order Count (POC) value ot a respective LTRP of
the I'TRPs, the second syntax element indicating
whether the respective LTRP 1s used for reference by
the current picture, and

the slice header 1s 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 bufler, the one or more reference

pictures comprising video blocks;

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.

26. 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 slice header of a current slice

of a current picture, wherein:

a set of reference pictures for the current picture
consists of the following reference picture subsets:
RefPicSetStCurrBefore, RefPicSetStCurrAfter, Ref-
PicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll,
reference pictures in RefPicSetltCurr and RefPic-
SetLtFoll being long term reference pictures

(LTRPs);
a set of one or more 'TRP entries is signaled in the slice
header,

each respective LIRP entry of the set of one or more
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 a decoded
picture buffer, the one or more reference pictures com-
prising video blocks;

perform, based on the video blocks of the one or more
reference pictures stored in the decoded picture buffer,
prediction of the video data.

27. A method of encoding video data, the method com-

prising:

encoding video data, wherein:

a set of reference pictures for a current picture of the
video data consists of the following reference pic-
tures subsets: RefPicSetStCurrBetore, RefPicSetSt-
CurrAfter, RefPicSetStFoll, RetPicSetLtCurr and
RefPicSetLtFoll, reference pictures in RefPicSetLt-
Curr and RefPicSetLiFoll being long term reference
pictures (LTRPs),

encoding the video data comprises signaling, in a slice
header for a current slice of the current picture, a set
of one or more long-term reference picture (LTRP)
entries,

each respective LTRP entry of the set of one or more
LTRP entries is a tuple consisting of a [irst syntax
element and a second syntax element, the first syntax
element indicating least significant bits of a Picture
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Order Count (POC) value of a respective LIRP 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 1.TRP
entries referring to the same reference picture; and

outputting the encoded video data.

28. The method of claim 27, wherein:

the method further comprises generating a sequence

parameter set (SPS) that 1s applicable to the current
picture, the SPS including a particular ['I'RP entry that
refers to a particular reference picture, the particular
L'TRP entry being in the set of one or more L'TRP
entries; and

signaling the set of one or more L'TRP entries in the slice

header comprises including, in the slice header, an
index to the particular LTRP entry.

29. The method of claim 28, wherein the particular LTRP
entry is a first LTRP entry and the slice header includes a
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.

30. The method of claim 28, wherein:

the particular [.TRP entry 1s a first LIRP entry,

the SPS includes the first LTRP entry and a second LTRP

entry; and

signaling the set of one or more [.TRP entries in the slice

header comprises including, in the slice header, an
index to the second LTRP entry only if the second
LTRP entry does not indicate that the particular refer-
ence picture is in a long-term reference picture sct of
the current picture.
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31. The method of claim 28, wherein generating the SPS
comprises generating the SPS such that the SPS includes the
particular UTRP entry only if the SPS does not already
include a copy of the particular LTRP entry.

32. The method of claim 28, wherein generating the SPS
comprises generating 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.

33. The method of claim 28, wherein, {for each respective
LTRP entry in the SPS, the slice header includes an index to
the respective LTRP entry only if the slicc header does not
already include a copy of the index to the respective LIRP
entry.

34. The method of claim 28, 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.

35. The method of claim 28, 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.

36. The method of claim 28, wherein the particular LTRP
entry is a first LTRP entry and the slice header is in
compliance with a restriction that prohibits the slice header
from including a second I.TRP cntry 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 [/ TRP 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 L.SB syntax element of the equivalent
LTRP entry indicate LSBs of picture order count (POC)
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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.
37. The method of claim 27, wherein signaling the set of
one or more [.TRP entries comprises:
signaling, 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

signaling, 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 refer-
ence picture set of the current picture.

38. The method of claim 27, wherein the slice header 1s
in compliance with a restriction that prohibits the slice
header from including two LIRP entries that indicate ref-
erence pictures having the same POC value.

39. The method of claim 27, wherein the slice header 1s
in compliance with a restriction that prohibits the RefPic-
Setl.tCurr from including two reference pictures with the
same POC value, a restriction that prohibits the RefPic-
SetLtl'oll from including two reference pictures with the
same POC value, and a restriction that prohibits the Ref-
PicSetLtCurr and the RefPicSetl tl'oll from including refer-
ence pictures with the same POC value.

40. 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, RefPic-
SetStCurrAfter, RefPicSetStFoll, RefPicSetLt-
Curr and RefPicSetLtFoll, reference pictures in
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RefPicSetLtCurr and RefPicSetLtFoll being long
term refercnce pictures (LTRPs),
as part of encoding the vidco data, the one or more
processors signal, in a slice header for a current
slice of the current picture, a set of one or more
long-term reference picture (LTRP) entrics,
each respective ['TRP entry of the set of one or more
LTRP entries 1s 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
L'I'RP of the LTRPs, the second syntax element
mdicating whether the respective LTRP 1s used for
relerence by the current picture, and
the slice header 1s 1n compliance with a restriction
that prohibits the slice header from signaling two
LTRP entries referring to the same reference pic-
ture; and
an output interface configured to output the encoded video
data.
41. The video encoding device of claim 40, wherein the
one or more processors are configured to:
generate a sequence parameter set (SPS) that is applicable
to the current picture, the SPS including a particular
LTRP entry that refers to a particular reference picture,
the particular LTRP entry being in the set of one or
more LTRP entries; and
signal the set of one or more LTRP entries in the slice
header in part by including, in the slice header, an index
to the particular LTRP entry.
42. The video encoding device of claim 41, wherein the
particular [TRP entry 1s a first LTRP entry and the slice
header includes a second LTRP entry only if the second
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LTRP entry does not indicate that the particular reference
picture is in a long-term reference picture set of the current
picture.

43. The video encoding device of claim 41, wherein:

the particular LTRP entry 1s a first LTRP entry,

the SPS includes the first LTRP entry and a second I.TRP

entry; and

the one or more processors are configured to include, in

the slice header, an index to the second LLTRP 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.

44. The video encoding device of claim 41, wherein the
one or more processors are configured to generate the SPS
such that the SPS includes the particular LTRP entry only if
the SPS does not already include a copy of the particular
LTRP entry.

45. The video encoding device of claim 41, 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 ['TRP entry.

46. The video encoding device of claim 41, wherein, for
each respective LTRP entry in the SPS, the slice header
includes an index to the respective LIRP entry only if the
slice header does not already include a copy of the index to
the respective LTRP entry.

47. The video encoding device of claim 41, 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.

48. The video encoding device of claim 41, wherein, for
each respective LTRP entry in the SPS; the slice header does
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not include an LTRP entry matching the respective LTRP
entry in the SPS.
49. The video encoding device of claim 41, wherein the
particular L'TRP entry 1s a first LTRP entry and the one or
more processors arc 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 I.SB 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 clement of the second LTRP entry and the [.SB
syntax element of the equivalent LTRP entry indicate LSBs
ol picture order count (POC) values, wherein the usage
syntax clement of the second ITRP entry and the usage
syntax element of the equivalent LTRP entry indicate
whether reference pictures are used for reference by the
current picture.
50. The video encoding device of claim 40, wherein the
one or more processors are configured to:
signal, in the slice header, a first LIRP entry indicating
that a particular reference picture 1s in a long term
reference picture set of the current picture; and

signal, in the slice header, a second [.TRP 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.

51. The video encoding device of claim 40, wherein the
one or more processors are configured to generate the slice
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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.

52. The video encoding device of claim 40, wherein the
slice header 1s in compliance with a restriction that prohibits
the RefPicSetLtCurr from including two reference pictures
with the same POC value, a restriction that prohibits the
RefPicSetLtloll 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.

53. 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 pic-
tures subsets: RefPicSetStCurrBefore, RefPicSetSt-
CurrAfter, RefPicSetStFoll, RefPicSctLtCurr and
RefPicSetLtFoll, reference pictures in RefPicSetl t-
Curr and RefPicSctltFoll being long term reference
pictures (LTRPs),

the means for encoding the vidco data comprises means
for signaling, 1n a slice header for a current slice of
the current picture, a set of one or more long-term
reference picture (LTRP) entries,

each respective LTRP entry of the set of one or more
LTRP entries 1s 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
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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.

54. A non-transitory computer-readable storage medium
having instructions stored thereon that, when executed by a
video encoding device, configure the video encoding device
1o:

encode video data, wherein:

a set of reference pictures for a current picture of the
video data consists of the following reference pic-
tures subsets: RefPicSetStCurrBefore, RefPicSetSt-
CurrAfter, RefPicSetStFoll, RefPicSetLtCurr and
RefPicSetLtFoll, reference pictures in RefPicSetLt-
Curr and RefPicSetLtFoll being long term reference
pictures (L1'RPs),

as part of configuring the video encoding device to
encode the video data, the instructions configure the
video encoding device to signal, 1n a slice header for
a current slice of the current picture, a set of one or
more long-term reference picture (LTRP) entries,

each respective LTRP entry of the sct of one or more
LTRP entries is a tuple consisting of a first syntax
clement and a second syntax element, the first syntax
element indicating lcast 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 1s in compliance with a restriction that
prohibits the slice header from signaling two L'TRP
entries referring to the same reference picture; and

output the encoded video data.




