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LONG-TERM REFERENCE PICTURE SIGNALING IN VIDEO CODING 

[0001j This application claims the benefit of U.S. Provisional Patent Application No, 

61/706,510, filed September 27, 2012, and U.S. Provisional Patent Application No. 

61/708,442, filed October t, 2012, the entire content of each of which is incorporated 

herein by reference. 

TECHNIC AL FIELD 

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

data). 

BACKGROUND 

[0003] Digital video capabilities can be incorporated into a wide range of deviceSs 

including digital televisions, digital direct broadcast systems, wireless broadcast 

systems, 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 satellite radio 

telephones, so-called "smart phones," video teleconferencing devices, video streaming 

devices, and the like. Digital video devices implement video compression techniques, 

such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, 

ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), the High Efficiency 

Video Coding (HEVC) standard, and extensions of such standards. The video devices 

may transmit, receive, encode, decode, and/or store digital video information more 

efficiently by implementing such video compression techniques. 

[0004] Video compression techniques perform spatial (intra-pieture) prediction and/or 

temporal (inter-picture) prediction to reduce or remove redundancy inherent in video 

sequences. For block-based video coding, a video slice (i.e., a video frame or a portion 

of a video frame ) may be partitioned into video blocks. Video blocks in an intra-coded 

(I) slice of a picture are encoded using spatial prediction with respect to reference 

samples in neighboring blocks in the same picture. Video blocks in an inter-coded (P or 

B) slice of a picture may use spatial prediction with respect to reference samples in 

neighboring blocks in the same picture or temporal prediction with respect to reference 
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samples in other reference pictures. Pictures may be referred to as frames, and 
reference pictures may be referred to as reference frames. 
[0005] 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 points to a block of reference samples forming the predictive block, and the 

residual data indicates the difference between the coded block and the predictive block. 

An intra-coded block is encoded according to an intra-coding mode and the residual 
data. For further compression, the residual data may be transformed from the pixel 
domain to a 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 coefficients, and 
entropy coding may be applied to achieve even more compression. 

SUMMARY 
[0006] In general, this disclosure describes signaling of long-term reference pictures 
(LTRPs) 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, in the slice header, a second LTRP entry only if the second LTRP 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 slice 
headers, a. reference picture list for the current picture. The video decoder may 
reconstruct, based at least in part on one or more reference pictures in the reference 
picture list for the current picture, the current picture. 
[0007] In one example, this disclosure describes a method of decoding video data, the 

method comprising: obtaining, from a 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 slice 
header, wherein the set of one or more LTRP entries includes a first LTRP entry-
indicating that a particular reference picture is in a long-term reference picture set of the 

current picture, and wherein the set of one or more LTRP entries includes a second 
LTRP entry only if the second LTRP entry does not indicate that the particular reference 
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pic ture is in the long-term reference picture set of the current picture; generating, based 
at least in part on the one or more LTRP entries, a reference picture list for the current 
picture; and reconstructing, based at least in part on one or more reference pictures in 
the reference picture list for the current picture, the current picture. 
[0008] In another example, this disclosure describes a video decoding device 
comprising one or more processors configured to: obtain, from a 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 slice header, wherein the set of one or more LTRP entries includes a 
first LTRP entry indicating that a particular reference picture is in a long-term reference 
picture set of the current picture, and wherein the set of one or more LTRP entries 
includes a second LTRP entry only if the second LTRP entry does not indicate that the 
particular reference picture is in the long-term reference picture set of the current 
picture; 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 list for the current picture, the current picture. 
[0009] In another example, this disclosure describes a video decoding device 
comprising: means for obtaining, from a 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 slice 
header, wherein the set of one or more LTRP entries includes a first LTRP entry 
indicating that a particular reference picture is in a long-term reference picture set of the 
current picture, and wherein the set of one or more LTRP entries includes a second 

LTRP entry only if the second LTRP entry does not indicate that the particular reference 
picture is in the long-term reference picture set of the current picture; means for 
generating, based at least in part on the one or more LTRP entries, a reference picture 
list for the current picture; and means for reconstructing, based at least in part on one or 
more reference pictures in the reference picture list for the current picture, the current 
picture. 
[0010] 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 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 includes a first 
LTRP entry indicating that a particular reference picture is in a long-term reference 
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pic ture set of the current pic ture, and wherein the set of one or more LTRP entries 
includes a second LTRP entry only if the second LTRP entry does not indicate that the 
particular reference picture is in the long-term reference picture set of the current 
picture; 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 list for the current picture, the current picture. 
[0011] In another example, this disclosure describes a method of encoding video data, 

the method comprising: signaling, in a slice header for a current slice of a current 
picture, a first 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 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. 
[0012] In another example, this disclosure describes a video encoding device 

comprising one or more processors configured to: signal, in a slice header for a current-

slice of a current picture, a first 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 is in the long-term reference picture set 
of the current picture. 
[0013] In another example, this disclosure describes a video encoding device 
comprising: means for signaling, in a slice header for a current slice of a current picture, 

a first 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 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 is in the long-term reference picture set of the 
current picture. 
[0014] A computer-readable storage medium having instructions stored thereon that, 
when executed by a video encoding device, configure the video encoding device to: 
signal, in a slice header for a current slice of a current picture, a first 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 
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only if the second LTRP entry does not indicate that the particular reference pict ure is in 

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

[0015J The details of one or more examples of the disclosure are set forth in the 

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

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

BRIEF DESCRIPTION OF DRAWINGS 

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

utilize the techniques described in this disclosure. 

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

implement the techniques described in this disclosure. 

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

implement the techniques described in this disclosure. 

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

accordance with one or more techniques of this disclosure. 

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

accordance with one or more techniques of this disclosure. 

DETAILED DESCRIPTION 

[0021] A video encoder may generate a bitstream that includes encoded video data. 

Each picture of the video data may include an array of luma samples and may also 

include two corresponding arrays of chroma samples, e.g., arranged in blocks. To 

encode a picture of the video data, the video encoder may generate a plurality of coding 

tree units (CTUs) for the picture. Each of the CP..':- may be associated with a different 

equally-sized block of luma samples within the picture and may also be associated with 

the corresponding blocks of chroma samples. The video encoder may generate one or 

more coding units (CUs) for each CTU. Each of the CUs of a CTU may be associated 

with a luma block within the luma block of the CTU and may also be associated with 

the two corresponding chroma blocks within the chroma blocks of the CTU. 

[0022] Furthermore, the video encoder may generate one or more prediction units (PUs) 

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

each PU of the CU. The video encoder may use intra prediction or inter prediction to 
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generate the predictive blocks for a PU. After the video encoder generates predictive 
blocks for one or more PUs of a CU, the video encoder may generate luma and chroma 
residual blocks associated with the CU. The luma and chroma residual blocks of the 
CU may indicate differences between samples in the luma and chroma predicted blocks 
for the PUs of the CU and the original luma and chroma blocks of the CU, respectively. 
The video encoder may partition the residual blocks of a CU into transform blocks. 
Furthermore, the video encoder may apply one or more transforms to each transform 

block to generate transform coefficient blocks. The video encoder may quantize the 
transform coefficient blocks and may apply entropy coding to syntax elements that 
represent transform coefficients of the transform coefficient block. The video encoder 
may output a bitstream that includes the entropy-encoded syntax elements. 
[0023] 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.e., reference picture subsets). 

These five reference picture subsets are: RefPicSetStCurrBefore, RefPieSetStCurrAfier, 
RefPicSetStFoll, RefPieSetLtCurr, and RefPicSetLtFoll. The reference pictures in 
RefPieSetStCurrBefore, RefPieSetStCurrAfter, RefPicSetStFoll are referred to as 
"short-term reference pictures" or "STRPs," The reference pictures in RefPieSetLtCurr 
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 
pic ture subsets for each picture of the video data, 

[0024 ] Furthermore, when a current slice of the current picture is a P slice, the video 
encoder may use the reference pictures from the RefPicStCurrAfter, 
RefPicStCurrBefore, and RefPicStLtCurr reference picture subsets of the current picture 
to generate a single reference picture list, RefPicListO, for the current slice. When the 
current slice is a B slice, the video encoder may use the reference pictures from the 
RefPicStCurrAfter, RefPicStCurrBefore, and RefPicStLtCurr reference picture subsets 
of the current picture to generate two reference picture lists, RefPicListO and 
RefPicListl, 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 in one or more of the reference pic ture lists for the current slice. 
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[0025] The video encoder may si gnal a set of LTRP entries in a sequence parameter set 
(SPS). In other words, the SPS may explicitly indicate a set of LTRP entries. Each of 
the LTRP entries may indicate a reference picture as being in a long-term reference 
picture set (either in RefPicStLtCurr or RefPicStLtFoll) for the current picture. 

Furthermore, the video encoder may signal, in a slice header of the firs t (in coding 
order) slice of a current picture, indexes to LTRP entries indicated in the SPS applicable 

to the current picture. In this way, the slice header may "implicitly" signal LTRP 

entries or "index to" LTRP entries. In addition, the video encoder may signal, in the 
slice header of the first slice of the current picture, an additional set: of LTRP entries. In 
other words, the slice header may explicitly signal additional LTRP entries. 
[0026] For each respective LTRP entry explicitly indicated in the SPS, the video 
encoder may signal whether a reference picture indicated by the respective LTRP entry-
is used by a current picture. The reference pictures indicated by LTRP entries explicitly 
signaled in the SPS that are used by a current picture may be referred to herein as 

current LTRPs of the SPS. The reference pictures indicated by LTRP entries explicitly 
signaled in the SPS 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 implicitly 
and explicitly signaled in the slice header, the slice header may indicate whether a 
reference picture indicated by the respective LTRP entry is used by the current picture. 
The reference pictures indicated by LTRP entries 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 signaled in the slice header that are not used by the current picture may be 
referred to herein as non -current LTRPs of the slice header, 
{0027] The RefPicStLtCurr reference picture subset for a current picture may include 
the current LTRPs of the first slice 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. 
[0028] 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 RefPicStLtCurr and/or 
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the R efPicStLtFol l of the current picture may potentially i nclude 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 multiple 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 LTRP entry that indicates that a particular 

reference picture is not used for reference by the current picture and concurrently a slice 
header (or the SPS) may include an LTRP entry that indicates that the particular LTRP 
is used for reference by the current picture, or vice versa. This confusion between 
whether the particular reference picture is used for reference by the current picture may 
cause decoding problems for a video decoder. 
[ 0029] In accordance with the techniques of this disclosure, the video encoder may be 
restricted from signaling (either 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 is configured such that the 
slice header is in compliance with a restriction that prohibits the slice header from 
signaling two LTRP entries that indicate the; same reference picture. Because the video 
encoder 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 reference by the current picture. 
Furthermore, in accordance with the techniques of this disclosure, the video encoder 

may be restricted from generating a slice header that indicates the same LTRP entry 
multiple times. That is, the video encoder may be restricted from implicitly signaling 
the same LTRP entry multiple times, restricted from explicitly signaling the same LTRP 
entry multiple times, and restricted from implicitly and explicitly signaling the same 
LTRP entry. Hence, the video encoder may signal an LTRP entry at most once, either 
implicitly or explicitly. These restrictions may potentially increase coding efficiency 
because the video encoder may not be able to include syntax elements in the SPS or the 
slice header for explicitly and implicitly signaling the same LTRP entry. 
[0030] Hence, a video decoder may decode a slice header of a current slice of a current 

picture. A set of one or more LTRP entries may be signaled in the slice header. The set 
of one or more LTRP entries may include a first LTRP entry indicating that a particular 
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reference picture is in a long-term reference picture set of the current picture. The set of 
one or more LTR P entries may include a second LTRP entry only if the second LTRP 
©ltry does not indicate that the particular reference picture is in the long-term reference 
picture set of the current picture. The video decoder may generate, based at least in part 
on the one or more LTRP entries, a reference picture list for the current picture and may 
reconstruct, based at least in part on one or more reference pictures in the reference 
picture list for the current picture, the current picture. 

[0031] FIG. 1 is 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 genetically to both video encoders and video decoders. In this disclosure, the 
terms "video coding" or "coding" may refer genetically to video encoding or video 
decoding. 
[0032] As shown in FIG, 1, video coding system 10 includes a source device 12 and a 
destination device 14, Source device 12 generates encoded video data. Accordingly, 

source device 12 may be referred to as a video encoding device or a video encoding 
apparatus, Destination device 14 may decode the encoded video data generated by 
source device 12. Accordingly, destination device 14 may be referred to as 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. 
[0033] Source device 12 and destination device 14 may comprise a wide range of 
devices, including desktop computers, mobile computing devices, notebook (e.g., 
laptop) computers, tablet computers, set-top boxes, telephone handsets such as so-called 

"smart" phones, televisions, cameras, display devices, digital media players, video 

gaming consoles, in-car computers, or the like. 
|6034] Destination device 14 may receive encoded video data from source device 12 via 
a channel 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. In one 
example, 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
time. In this example, source device 12 may modulate the encoded video data 
according to a communication standard, such as a wireless communication protocol, and 
may transmit the modulated video data to destination device 14. The one or more 

communication media may include wireless and/or wired communication media, such 
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as a radio frequency (RF) spectrum or one or more physical transmission lines. The one 
or more communication media, may form part of a packet-based network, such as a local 
area network, a wide-area network, or a global network (e.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. 
[0035] In another example, channel 16 may include a storage medium that stores 
encoded video data generated by source device 12, In this example, destination device 

14 may access the storage medium via disk access or card access. The storage medium 
may include a variety of locally-accessed data storage media such as Blu-ray discs, 
DVDs, CD-ROMs, flash memory, or other suitable digital storage media for storing 
encoded video data, 
[0036] In a further example, channel 16 may include a tile 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 intermediate storage device via streaming or download. The file 
server may be a type of server capable of storing encoded video data and transmitting 
the encoded video data to destination device 14. Example file servers include web 
servers, (e.g., for a website), file transfer protocol (FTP) servers, network attached 
storage (NAS) devices, and local disk drives. 

[0037] 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 (e.g., Wi-Fi connections), wired connections (e.g., DSL, 

cable modem, etc.), 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. 
[0038] The techniques of this disclosure are not limited to wireless applications or 
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 Internet, 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. 

[0039] FIG. 1 is merely an example and the techniques of this disclosure may apply to 

video coding settings (e.g., video encoding or video decoding) that do not necessarily 

include any data communication between the encoding and decoding devices. In other 

examples, 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. In many examples, the encoding 

and decoding is performed by devices that do not communicate with one another, but 

simply encode data to memory and/or retrieve and decode data from memory. 

[0040] 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 a modulator/demodulator (modem) and/or a transmitter. Video source 18 may 

include a video capture device,, e.g., a video camera, a video archive containing 

previously-captured video data, a video feed interface to receive video data from a video 

content provider, and/or a computer graphics system for generating video data, or a 

combination of such sources of video data, 

[0041] Video encoder 20 may encode video data from video source 18. In some 

examples, source device 12 directly transmits the encoded video data to destination 

device 14 via output interface 2,2. In other examples, the encoded video data may also 

be stored onto a storage medium or a file server for later access by destination device 14 

for decoding and/or playback. 

[0042] In the example of FIG. 1, destination device 14 includes an input interface 2,8, a 

video decoder 30, and a display device 32, In some examples, input interface 28 

includes a receiver and-'or a 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. In general, display device 32 displays decoded video data. 

Display device 32 may comprise a variety of display devices, such as a liquid crystal 

display (LCD), a plasma display, an organic light emitting diode (OLED) display, or 

another type of display device. 

[0043] Video encoder 20 and video decoder 30 each may be implemented 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 implemented 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 of hardware and software, etc.) may be considered to be one or more 

processors. Each of video encoder 20 and video decoder 30 may be included in one or 

more encoders or decoders, either of which may be integrated as part of a combined 

encoder/decoder (CODEC) in a respective device. 

[0044] This disclosure may generally refer to video encoder 20 "signaling" certain 

information to another device, such as video decoder 30. The term "signaling" may 

generally refer to the communication of syntax elements and/or other data used to 

decode the compressed video data. Such communication may occur in real- or near-

real-time. Alternately, such communication may occur over a span of time, such as 

might occur when storing syntax elements to a computer-readable storage medium in an 

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. 

[0045] In some examples, video encoder 20 and video decoder 30 operate according to 

a video compression standard, such as ISO/IEC MPEG-4 Visual and ITU-T H.264 (also 

known as ISO/IEC MPEG-4 AVC), including its Scalable Video Coding (SVC) 

extension, Multiview Video Coding (VIVO extension, and MVC-based 3DV extension. 

In some instances, any legal bitstream conforming to MVC-based 3DV always contains 

a sub-bitstream that is compliant to a MVC profile, e.g., stereo high profile. In other 

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, ISO/IEC Visual. 

[0046] 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-VC) 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 8" is described in Bross et ah, 

"High Efficiency Video Coding (HEVC) text specification draft I," Joint Collaborative 

Team on Video Coding (JCT-VC) of ITU-T SGI 6 WP3 and ISO/IEC 



WO 2014/052123 PCT/US2013/060416 

13 

JTC1/SC29/WG11, 10th Meeting, Stockholm, Sweden, July 2012, which as of June 20, 
2013, is available from http://phenix.int-
evry.fr/jet/doc__end__user/documents/10_Stockholm/wgl 1/JCTVC-J1003-v8.zip, the 
entire content of which is incorporated herein by reference. 
[0047] In HEVC and other video coding specifications, a video sequence typically 
includes a series of pictures. Pictures may also be referred to as "'frames." A picture 
may include three sample arrays, denoted SL, So> and S&, Sjt. is a two-dimensional array 

(i.e., a block) of luma samples. Scb it a two-dimensional array of Cb chrominance 
samples. SCr is a two-dimensional array of Cr chrominance samples. Chrominance 
samples may also be referred to herein as "chroma" samples. In other instances, a 
picture may be monochrome and may only include an array of luma samples. 
[0048] To generate an encoded representation of a picture, video encoder 20 may 
generate a set of coding tree units (CTUs). Each of the CTUs may be a coding tree 
block of luma samples, two corresponding coding tree blocks of chroma, samples, and 
syntax structures used to code the samples of the coding tree blocks. A coding tree 
block may he an NxN block of samples. A CTU may also be referred to as a "tree-
block" or a "largest coding unit" (LCU). The CTUs of HEVC may be broadly 
analogous- to the macroblocks of other standards, such as H.264/AVC. However, a 
CTU is not necessarily limited to a particular size and may include one or more coding 
units (CUs). A slice may include an integer number of CTUs ordered consecutively in 
raster scan, 

[0049] To generate a coded CTU, video encoder 20 may recursively perform quad-tree 
partitioning on the coding tree blocks of a CTU to divide the coding tree blocks into 
coding blocks, hence the name "coding tree units." A coding block is an NxN block of 
samples. A CU may be a coding block of luma samples and two corresponding coding 
blocks of chroma samples of a picture that has a luma sample array, a Cb sample array 
and a Cr sample array, and syntax structures used to code the samples of the coding 
blocks. In instances where a picture is monochrome or where a picture is represented as 
three separate color planes, a CU may be a coding block of samples and syntax 

structures used to code the samples, of the coding block. Video encoder 20 may 
partition a coding block of a. CU into one or more prediction blocks. A prediction block 
may be a rectangular (i.e., square or non-square) block of samples on which the same 
prediction is applied. A prediction unit (PU) of a CIJ may be a prediction block of luma 
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samples, two corresponding prediction blocks of chroma samples of a picture, and 
syntax structures used to predict the prediction block samples. Video encoder 20 may 
generate predictive luma, Cb and Cr blocks for luma., Cb and Cr prediction blocks of 
each PU of the C U. 
[0050] Video encoder 20 may use intra prediction or inter prediction to 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 samples of the picture associated with the PU. 
[0051] If video encoder 20 uses inter prediction to generate the predictive blocks of a 
PU, video encoder 20 may generate the predictive blocks of the P U based on decoded 
samples of one or more pictures other than the picture associated with the PU. Video 
encoder 20 may use uni-prediction or bi-prediction to generate the predictive blocks of a 
PU. When video encoder 20 uses uni-prediction to generate the predictive blocks for a 
PU, the PU may have a single motion vector. When video encoder 20 uses bi-prediction 

to generate the predictive blocks for a PU, the PIJ may have two motion vectors. 
[0052] After video encoder 20 generates predictive luma, Cb and Cr blocks for one or 
more PUs of a CU, video encoder 20 may generate a luma residual block for the C U. 
Each sample in the CU's 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 generate a Cb 
residual block for the CU. Each sample in the CU's Cb residual block may indicate a 

difference between a Cb sample in one of the CU's predictive Cb blocks and a 
corresponding sample in the CU's original Cb coding block. Video encoder 20 may 
also generate a Cr residual block for the CU, 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 CU's original Cr coding block. 
[0053] Furthermore, video encoder 20 may use quad-tree partitioning to decompose the 

luma, Cb and Cr residual blocks of a CU into one or more luma, Cb and Cr transform 
blocks. A transform block may be a rectangular block of samples on which the same 
transform is applied. A transform unit (TU) of a CU may be a transform block of luma 
samples, two corresponding transform blocks of chroma samples, and syntax structures 
used to transform the transform block samples. Thus, each TU of a CU may be 
associated with a luma transform block, a Cb 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 
residual block. The Cb transform block may be a sub-block of the CU's Cb residual 
block. The Cr transform block may be a sub-block of the CU's Cr residual block. 
|0054] Video encoder 20 may apply one or more transforms to a luma transform block 
of a TU to generate a luma coefficient block for the TU. A coefficient block may be a 
two-dimensional array of transform coefficients. A transform coefficient may be a 
scalar quantity. Video encoder 20 may apply one or more transforms to a Cb transform 

block of a TU to generate a Cb coefficient block for the TU. Video encoder 20 may 
apply one or more transforms to a Cr transform block of a TU to generate a Cr 
coefficient block for the TU. 
|0055] After generating a coefficient block (e.g., a luma coefficient block, a Cb 
coefficient block or a Cr coefficient block), video encoder 20 may quantize the 
coefficient block. Quantization generally refers to a process in which transform 
coefficients are quantized to possibly reduce the amount of data, used to represent the 

transform coefficients, providing further compression. After video encoder 20 quantizes 
a coefficient block, video encoder 20 may entropy encode syntax elements indicating 
the quantized transform coefficients. For example, video encoder 20 may perform 
Context-Adaptive Binary Arithmetic Coding (C ABAC) on the syntax elements 
indicating the quantized transform coefficients. Video encoder 20 may output the 
entropy-encoded syntax elements in a bitstream, 
[0056] Furthermore, video decoder 30 may perform inverse quantization and may apply 
an inverse transform to coefficient blocks lo reconstruct transform blocks of a CU. 

Video encoder 20 may reconstruct, based at least in pan on the reconstructed transform 
blocks of the CU and the predictive blocks of PUs of the CU , the coding blocks of the 
CU. A decoded picture buffer (DPB) of video encoder 20 may store the reconstructed 

coding blocks of the CUs of multiple pictures. Video encoder 20 may use the pictures 
stored in the DPB (i.e., reference pictures) to perform inter prediction on PUs of other 

pictures. 
[0057] Video encoder 20 may output a bitstream that includes a sequence of bits that 
forms a representation of coded pic tures and associated data. The bitstream may 
comprise a sequence of network abstraction layer (NAT) units, Each of the NAL units 

includes a NAL unit header and encapsulates a raw byte sequence payload (RBSP). The 
NAL unit header may include a syntax element that indicates a NAL unit type code. 
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The NAL unit type code specified by the NAL unit header of a NAL unit indicates the 

type of the NAL unit. A RBSP may be a syntax structure containing an integer number 

of bytes that is encapsulated within a NAL unit. In some instances, an RBSP includes 

zero bits. 

[0058] Different types of NAL units may encapsulate different types of RBSPs. For 

example, a first type of NAL unit may encapsulate an RBSP for a picture parameter set 

(PPS), a second type of NAL unit may encapsulate an RBSP for a. coded slice, a third 

type of NAL unit may encapsulate an RBSP for supplemental enhancement information 

(SEI), 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. 

[0059] Video decoder 30 may receive a bitstream generated by video encoder 20. In 

addition, video decoder 30 may parse the bitstream to obtain syntax elements from the 

bitstream. 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 to 

reconstruct the video data may be generally reciprocal to the process performed by-

video encoder 20, For instance, video decoder 30 may use motion vectors of PUs to 

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 CU. Video 

decoder 30 may perform inverse transforms on the coefficient blocks to reconstruct 

transform blocks associated with the TUs of the current CU. Video decoder 30 may 

reconstruct the coding blocks of the current CU by adding the samples of the predicti ve 

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 each CU of a 

current picture, video decoder 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. 

[0060] A picture order count (POC) value is a value that identifies one or more pictures 

occurring at one time instance (i.e., in one access unit). In base HEVC, only one picture 

occurs in an access unit. In scalable, multi-view, or 3-dimensional video coding, 

multiple pictures may occur at one time instance and hence a POC value may identify 

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 inter prediction). 
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[0061] When video encoder 20 begins encoding a current picture of the video data, 
video encoder 20 may generate five lists of POC values: PocStCurrBefore, 
PocStCurrAfter, PocStFoll, PocLtCurr, and PocLtFolL Video encoder 20 may use these 
five lists of POC values- to generate five corresponding reference picture subsets, for the 
current picture: RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFoll, 
RefPieSetLtCurr, and RefPicSetLtFoll. For each POC value in a list of POC values 
(e.g., PocStCurrBefore, PocStCurrAfter,. PocStFoll, PocLtCurr, and PocLtFoll), video 
encoder 20 may determine whether the DPB includes a reference picture that has the 
POC value and, if so, video encoder 20 includes the reference picture in the reference 
picture set corresponding to the list of POC values. 
{0062] The reference pictures in RefPicSetStCurrBefore, RefPicSetStCurrAfter, 
RefPicSetStFoll are referred to as "short-term reference pictures" or "STRPs." The 
reference pictures in RefPieSetLtCurr and RefPicSetLtFoll are referred to as "long-term 
reference pictures" or "LTRPs." In some instances, LTRPs ma}' remain available for 

use In inter prediction for longer periods of time than STRPs. Video encoder 20 may 
re-generate the five lists of POC values and the corresponding reference picture sets for 
each picture of the video data. 
[0063] Furthermore, when a current slice of the current picture is a P slice, video 
encoder 20 may use the reference pictures from the RefPicStCurrAfter, 
RefPicStCurrBefore, and RefPicStLtCurr reference picture subsets of the current picture 
to generate a single reference picture list, RefPicListO, for the current slice. When the 
current slice is a B slice, video encoder 20 may use the reference pictures from the 

RefPicStCurrAfter, RefPicStCurrBefore, and RefPicStLtCurr reference picture subsets 

of the current picture to generate two reference picture lists, RefPicListO and 

RefPicListl, for the current slice. When video encoder 20 uses inter prediction to 
generate the predictive block of a PIJ of the current picture, video encoder 20 may 
generate the predictive blocks of the PIJ based at least in part on one or more reference 

pictures in one or more of the reference picture lists for the current slice. 
[0064] 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 entries may indicate 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 slice header of the first (in coding order) slice of a current picture, indexes to 
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LTRP entries signaled in the SPS that are applicable to the current picture. In this way, 

the slice header may implicitly signal (La, index, to) LTRP entries. In addition, video 

encoder 20 may signa l, in the slice header of the first slice of the current picture, 

additional LTRP entries. In other words, the slice header may explicitly signal 

additional LTRP entries. 

[0065] Table 1, below, shows the syntax of the portion, within an SPS, regarding 

LTRPs. 

TABLE 1 - SPS Syntax Related to LTRPs 

long_term_ref_pics_pr£sent_fIag U(l) 

iff long_term_ref_picsj3resent_flag) { 
nMni__[ong_terni__ref _pics_sps •ue(v). 
for( i 0; i < aum_iong_teiTti_ref_pics_sps; i++) 5 

It ref pic poe Isb sps[ i ] tt(v) 
ased_by„carr_pic„It_$ps_flag[ i ] •u(l) 

} 

[0066] In the example syntax of Table I, above, and other syntax tables of this 

disclosure, syntax elements with type descriptor ue(v) may be variable-length unsigned 

integers encoded using 0th order exponential Golomb (Exp-Golomb) coding with left bit 

first. In the example of Table I and the following tables, syntax elements having 

descriptors of the form u(»), where n is a non -negative integer, are unsigned values of 

length n. 

[0067] In Table 1, the syntax element long_term_ref_pics_present_f!ag indicates 

whether the SPS includes syntax elements that indicate a set of LTRPs. The syntax 

element num long term ref pics sps indicates the number of LTRPs signaled in the 

SPS. The syntax element It ref pic poc Isb $ps[i] indicates the least-significant bits 

(LSBs) of the POC value of an LTRP at position i in the set of LTRPs. In some 

examples, the SPS includes a syntax element - e.g.. 

log2 max pic order cnt Isb minus4) that indicates the maximum POC value that can 

be represented using LSBs alone. In such examples, the maximum POC value that can 

be represented using LSBs alone (e.g., MaxPicOrderCntLsb) may be equal to: 



WO 2014/052123 PCT/US2013/060416 

19 

MaxPicOrderCntLsb - 2 + « 

[0068] In Table 1, above, the syntax element used by curr pic It_sps_flag[i] indicates 
whether the LTRP entry at position J 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 lt_refjpicjpoc_lsb_sps[i] and used_by_curr_pic_3t_sps_flag[i]. In other 
words, an LTRP entry may be a. LSB syntax element and a usage syntax element, where 

the LSB syntax element indicates the LSBs of a POC value of a reference picture and 
the usage syntax element indicates whether the reference picture is used for reference by 
the current picture. 
[0069] Table 2, below, shows the syntax of a portion of a slice header regarding LTRPs. 

TABLE 2 - Slice Header Syntax Related to LTRPs 

if jfear tent) ref iiii areaiafc fife ) | 
iff num_iong_term_ref_pics_sps > 0 ) 

num_ long__term _ sps ue(v) 
S!lSH!_iOHg__terH!__p!CS ue(v) 
for( i = 0; IS :num_long_tgmj_sps + num_long_temi_pics; i++ % { 

li\ i < num_long_term_sps ) 
lMdx__sps[ i ] u(v) 

else { 
poe_lsb_lt[ i ] u(v) 
used_by_curr _pic_lt_llag[ i ] 'U(l) 

1 
delta_poc_msb_present_fiag[ i ] u(l) 
if( delta_poc__msb__presfent_f]ag[ i ] ) 

deitajsocjmsh_cyc5e_li:[ i ] ue(v) 
} 

t 

[0070] In Table 2, the syntax element num_Jong__term__sps indicates the number of 
candidate LTRPs specified in the applicable SPS for the current picture. The syntax 
element num long term pics indicates the number of LTRP entries specified in the 
slice header that are included in the LTRP set of the current picture. The syntax element 

lt_idx_sps[/] specifies an index into the LTRP entries specified by the applicable SPS 
for the current picture. The poc Isb It [/] syntax element may specify the value of the 
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leas t-significant bits of the POC value of the Mil LTRP in the LTRP set of the current 
picture. The used_by_curr_pic_lt_flag[/] syntax element may specify whether the Mh 
LTRP to be included in the LTRP set of the current picture is used for reference by the 
current picture. 
[0071] The syntax element delta__poc_msb_present_flag[/] indicates whether the 
delta_poc_msb_cycle_lt[7'] syntax element is present in the slice header. The 
delta poc msb cycle lt[/l syntax element is used to determine the value of the most-

significan t bits (MSBs) of the Mh LTRP in the LTRP set of the current picture. 
Typically, STRPs do not remain in the DPB for extended sequences of pictures. 
Accordingly, the LSBs of the POC values 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 values (i.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. 

[0072] Because the number of pictures between different LTRPs signaled in the slice 
header is relatively unlikely to be significantly greater than the number of different 
pictures that can be indicated using only the LSBs of POC values, the number of bits 
required to indicate the difference between MSBs of POC values of the different LTRPs 
is likely to be smaller than the number of bi ts required to explicitly indicate the MSBs 
of the POC values of the different LTRPs. Accordingly, the delta_poc_msb_eycle_lt 
syntax elements may indicate differences between MSBs of POC values of LTRPs. 

Furthermore, If there is no difference between the LSBs of the POC values of a first 
LTRP and a second LTRP, a delta_poc_msb_present_flag syntax element may indicate 
that the slice header includes a delta poc msb cycle_ It syntax element for the second 
LTRP that represents the difference between the MSBs of the POC values of the first 
and the second LTRP. In other words, the deltaj)os_msb_present_flag[i] syntax 

element may indicate that the delta_poc_msb_cycle_lt[/j syntax element indicates the 
difference of the MSBs or the Mh and the (/ - 1 )-th LTRP when the LSBs of the POC 
value of the Mh LTRP are equal to the LSBs of the POC value of the {/ --- l)-th LTRP. 
[0073] 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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[0074] Ail LTRP entry in the slice header may be defined as either the LSB and the flag 
signaled by the poc_lsb_lt[i] syntax element and the used_by_currjpic_lt_flag[i] syntax 
element, or the LSB and the flag corresponding to the entry in the SPS indicated by the 
It idx sps[i] syntax element. When an LTRP entry is signaled in a slice header using 
the lt_idx_sps[i] 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 LTRP entry is signaled in a. slice header using the poc Isb lt[i] syntax element 

and the used_by_curr_pic_lt_flag[i] syntax element, this disclosure refers to the LTRP 
entry as being explicitly signaled in the slice header. 
[0075] For each 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 reference picture subset for the current picture 
includes the reference pictures indicated by the LTRP entries signaled in the slice 
header that may be used for reference by the current picture. The RefPicStLtFoll 

reference picture subset of the curren t picture may include the reference pictures 
indicated by LTRP entries signaled in the slice header that are not used for reference by 
the current picture. 
[0076] Video decoder 30 may obtain an SPS and a slice header from a bitstream. When 
video decoder 30 starts decoding a first slice of a current picture, video decoder 30 may 

determine that a particular SPS is applicable to the current picture. Furthermore, video 
decoder 30 may determine, based at least in part on syntax elements in the applicable 

SPS and/or syntax elements in the slice header, POC values to be included in 
PocStCurrBefore, PocStCurrAfter, PocStFoll, PocLtCurr, and PocLtFoll. Video 
decoder 30 may then use PocStCurrBefore, PoeStCurrAfter, PocStFoll, PocLtCurr, and 
PocLtFoll to determine the reference picture subsets for the current picture: 
RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFoll, RefPieSetLtCurr, and 
RefPicSetLtFoll. Subsequently, video decoder 30 may use RefPicStCurrBefore, 
RefPicSetStCurrAfter, and RefPieSetLtCurr to determine one or more reference picture 
lists (e.g., RefPicListO and RefPicListl) for the current picture. As described above, 
video decoder 30 may use reference pictures in the reference picture lists for inter 
prediction of PLIs. 

[0077] 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 multiple times. In other words, there is no restriction in the 
above-described semantics that disallows the same LTRP entry to be signaled 
(explicitly or 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 concurrently a slice header may 
indicate that the particular LTRP is used by the current picture, or vice versa. For 
instance, the slice header may explicitly signal and/or index to LTRP entries that 
indicate the same reference picture but have different values for the 
used bv OUST_pic_flag syntax element. Consequently, the above-described syntax and 
semantics allow for a slice header that signals LT RP entries that indicate that a 
particular reference picture is in both the RefPieSetLtCurr subset and the 
RefPicSetLtFoll subset. This confusion between whether the particular LTRP is used 
for reference by the current picture may cause decoding problems for video decoder 30, 
[0078] Hence, in accordance with one or more techniques of this disclosure, restrictions 

may be added such that each LTRP that is signaled (explicitly or indexed) in a slice 
header must refer to a distinct reference picture among all the LTRPs that are signaled 
(explicitly or indexed) in the slice header. For instance, video encoder 20 is restricted 
from implicitly signaling (i.e., indexing to) multiple LTRP entries that indicate the same 
LTRP, restricted from explicitly signaling multiple LTRP entries that indicate the same 
LTRP multiple times, and restricted from implicitly and explicitly signaling LTRP 
entries that indicate the same LTRP. 
[0079] ThuSj 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 may indicate that a particular 
reference picture is in a long-term reference picture set of the current picture. The long-
term reference picture set of the current picture may include reference pictures in 
RefPieSetLtCurr and RefPicSetLtFoll. Furthermore, video encoder 20 may signal, 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. In some examples:, a bitstream may fail a bitstream conformance test if 
two LTRP entries signaled in a slice header in the bitstream indicate that the same 
reference picture is in the long-term reference picture set; of the current picture, 

|0080] In some examples, video encoder 20 may signal the first LTRP entry by 
including, in the slice header, an index to the first LTRP entry. In this example, video 
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encoder 20 may signal the second LTRP entry by including, in the slice header, the 
second LTRP entry only if the second LTRP entry does not indicate that the particular 
reference picture 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 is in 
compliance with a restriction that prohibits the slice header from explicitly including a 
particular LTRP entry if the slice header includes an index to an equivalent LTRP entry 
in the SPS. Thus, a bitstream may fail a bitstream conformance test if a slice header 

includes a particular LTRP and includes an index to an equivalent LTRP entry in the 
SPS. In this example, the particular LTRP entry includes an LSB syntax element and a 
usage syntax element. Furthermore, in this example, the equivalent LTRP entry 
includes a LSB syntax element that matches the LSB syntax element of the particular 
LTRP entry and the equivalent LTRP entry includes a usage syntax element that 
matches the usage syntax element of the particular LTRP. The LSB syntax element of 
the particular LTRP' entry and the LSB syntax element of equivalent LTRP entry 

indicate LSBs of POC values. The usage syntax element of the particular 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. 
10081] In another example, the set of LTRP entries in the SPS may include the first 
LTRP entry and the second LTRP entry. In this example, video encoder 20 may 
include, in the slice header, an index to the first LTRP and may include, in the slice 
header, an index to the second LTRP entry only if the second LTRP entry does not 
indicate that the particular reference picture is in the long-term reference picture set of 

the current picture. 
[0082] In still another example, video encoder 20 may signal the first LTRP entry by 
including, in the slice header, the first LTRP entry. Furthermore, video encoder 20 may-
signal the second LTRP entry by including, in the slice header, the second LTRP entry. 
Thus, video encoder 20 may include, in the slice header, the first LTRP entry and may 
include, in the slice 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 picture set 
of the current picture. In this way, video encoder 20 may generate the slice header such 
that the slice header is in compliance with a restriction that prohibits the slice header 

from including two LTRP entries that indicate reference pictures having the same POC 
value. Thus, a bitstream may fail a bitstream conformance test if a slice header in the 
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bitstream includes two LTRP entries that indicate reference pictures having the same 
POC value, 
[0083] As indicated above, the long-term reference picture set of the current picture 
may include a first subset (e.g., RefPicStLtCurr) and a second subset (e.g., 

RefPicStLtFoll). The first subset may include LTRPs used for reference by the current-
picture and the second subset may include LTRPs used for reference by other pictures. 
In accordance with the techniques of this disclosure, video encoder 20 may generate the 
slice header such that the slice header is in compliance with a restriction that prohibits 
the first subset from including two reference pictures with the same POC value, a 
restriction that prohibits the second subset from including two reference pictures with 
the same POC value, and a restriction that prohibits the first and second subsets from 
including reference pictures with the same POC value. Thus, a bitstream may fail a 
bitstream conformance test if the first subset includes two reference pictures with the 
same POC value and/or if the second subset includes two reference pictures with the 
same POC value. 
[0084] Furthermore, in some examples, for each 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 does not already include 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 from including 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. 

[0085] In another example drawback of the signaling scheme of HEVC Working Draft 
8, 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 other words, there is no restriction in the above-described 
semantics for the same LTRP entry being signaled more than once in the SPS. 
[0086] In accordance within one or more techniques of this disclosure, a restriction may 
be added that disallows duplicate LTRP entries among the LTRP entries signaled in an 
SPS. In other words, video encoder 20 is restricted from generating an SPS that 
explicitly signals the same LTRP entry multiple times. For example, video encoder 20 

may generate an SPS s uch that the SPS includes a particular LTRP entry only if the SPS 
does not already include a copy of the particular LTRP entry. In this way, video 
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encoder 20 may generate the SPS such that the SPS conforms to a restriction that 
prohibits the SPS from including two or more copies of the same LTRP entry. In some 
instances, a device (such as video encoder 20 or video decoder 30) may perform a 
bitstream conformance test to determine whether a bitstream is in conformance with a 
video coding standard, such as HEVC. A bitstream may fail to satisfy the bitstream 
conformance test if the SPS includes two or more copies of the same LTRP entry, 
[0087] In another example drawback of the signaling scheme of HEVC Working Draft 

8, video encoder 20 may potentially generate a slice header that explicitly indicates an 
LTRP entry and also implicitly indicates the same LTRP entry. Thus, the 
RefPicStLtCurr and/or the RefPicStLtFoll of the current picture may potentially include 
the same LTRP entry twice. In other words, LTRP entries may be signaled in the SPS 
and indexed (i.e., implicitly indicated) in the slice header. However, the above-

described semantics may permit any LTRP entry signaled in the SPS to be also 
explicitly signaled in the slice header. Such flexibility may be unnecessary, 

[0088] Hence, in accordance with one or more techniques of this disclosure, a 
restriction may be added such that an LTRP entry is not directly signaled in any slice 
header when an equivalent LTRP entry is included in the SPS, Thus, for each 
respective LTRP entry in the SPS, the slice header does not include a particular LTRP 
entry if the particular LTRP entry matches the respective LTRP entry- in the SPS. For 
instance, a bitstream may fail a bitstream conformance test if the SPS includes two 
matching LTRP entries, 
[0089] In another example drawback of the signaling scheme of HEVC Working Draft 

8, the value of the deltajx>c_msh_present_fiag[i] syntax element conditions the 

signaling of the delta, poe msb cycle_lt[i] syntax element. In other words, the 
signaling of the delta poc msb cycle 3t[i] syntax element depends on the value of 
deIta_poc_msb_present_flag[i] syntax element. As explained above, the 
dehajpoc_msbjpresent_flag[i] syntax element may indicate that the 
delta poc msb cycle lt[il syntax element is not present if the MSBs of the POC value 
of the /-th LTRP are equal to the MS Bs of the POC value of the (i - L)-th LTRP, The 
deltaj3oc_rnsb_cycleJt[i] syntax element is Exponential-Golomb coded (i.e. ue(v) 
coded). However, the explicit signaling of the deltajpoc_msb_pres.ent_flag[i] syntax 

element may not be necessary, and the delta poc msb cycle lt[i] syntax element may 
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be modified to cover all the eases (i.e., both the case where MSBs of a POC value are 
signaled and where MSBs of a POC value are not signaled). 
[005>0] Hence, in accordance with one or more techniques of this disclosure, the 

delta poc msb present flag[i] syntax element is removed from the slice header syntax 
and the semantics of the deltajpoc_msb_cycle_lt[i] syntax element are modified to 
cover all the possibl e cases. As described herein, the value of the 
delta poc msb cycle It syntax element (or an equivalent syntax element) for the i-th 
LTRP for the current picture may be required to be greater than 0 when there are 
multiple reference pictures in the DPB, excluding those pictures that are signaled as 
STRPs for the current picture, with POC values modulo MaxPicOrderCntLsb equal to 
the LSBs of the POC value of the /-th LT RP, where MaxPicOrderCntLsb is the greatest 
value that can be represented using only the LSBs of a POC value. 
[0091] In another example drawback of the signaling scheme of HEVC Working Draft 
8, when there are two reference pictures in the DPB with the same LSBs, and one of the 
pictures is signaled as an STRP and the other picture as an LTRP, the semantics of 
HEVC Working Draft 8 mandate that the MSB information of the LTRP be signaled. 
However, in this case, the MSB information for the LTRP need not be signaled. Hence, 
in accordance with one or more techniques of this disclosure, the semantics and the 
derivation process of the reference picture set may be modified such that when there are 
n (where n > 1) reference pictures in the DPB with POC values having the same LSBs, 
and (n - 1) of those pictures are signaled as STRPs and the «-th picture is signaled as an 
LTRP, then the MSBs of the POC value of the LTRP are not allowed to be signaled, 

[0092] In 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 include one 
or more syntax elemen ts indicating one of the STRPS syntax structures in the applicable 
SPS. Sets of STRPs (i.e., RefPicSetStCurrBefore, RefPicSetStCurrAfter, and 
RefPicSetStFoll) for the current picture may be signaled in a STRPS syntax structure. 
[0093] More specifically, the sets of STRPs for the current picture may be signaled in a 
STRPS syntax structure in one of two ways. In the first way. the STRPS syntax 
structure includes syntax elements that enable video decoder 30 to determine, based at 
least in part on syntax elements in a reference STRPS syntax structure in the applicable 
SPS, an array of DeltaPocSO values and an array of DeltaPocSl values. In the second 
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way, the STRPS syntax structure includes syntax elements that enable video decoder 30 

to determine the array of DeltaPocSO values and the array of DeltaPocS 1 values without 

reference to any other STRPS syntax structure. The array of DeltaPocSO values 

indicates values to add to the POC value of the current picture to determine POC values 

in PocStCurrBefore and PocStFoll . The array of DeltaPocS 1 values indicates values to 

subtract from the POC value of the current picture to determine POC values in 

PocStCurrAfter and PocStFoll. As indicated above, video decoder 30 may determine 

RefPicSetStCurrBefore based at least in part on PocStCurrBefore. Video decoder 30 

may determine RefPicSetStCurrAfter based at least in part on PocStCurrAfter. Video 

decoder 30 may determine RefPicStFoll based at least in part on PocStFoll. 

[0094] Another 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 multiple identical STRPS syntax 

structures. It is also possible that a STRPS syntax structure; explicitly signaled in the 

slice header is identical to a STRPS syntax structure signaled in the SPS, which should 

also be disallowed. Hence, one or more techniques of this disclosure may restrict video 

encoder 20 such that no two short-term reference picture set candidates (i.e., no two 

STRPS syntax structures) signaled in the SPS are identical. Furthermore, in accordance 

with one or more techniques of this disclosure, video encoder 20 is restricted from 

signaling a STRPS syntax structure in the slice header if an identical pattern (i.e., 

STRPS syntax structure) is signaled among the short-term RPS candidates (i.e., STRPS 

syntax structures) in the SPS. That i% a short-term reference picture set pattern (i.e., a 

STRPS syntax structure ) cannot be explicitly signaled in the slice header if an identical 

candidate (i.e., an identical STRPS syntax structure) is present in the candidate list in 

the SPS. 

[0095] FIG. 2 is a block diagram illustrating an example video encoder 20 that may 

implement the techniques of this disclosure. FIG. 2 is provided for purposes of 

explanation and should not be considered limiting of the techniques 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. 

[0096] In the example of FIG. 2, video encoder 20 includes a prediction processing unit 

100, a residual generation unit 102, a transform processing unit 104, a quantization unit 
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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 includes an inter-prediction 
processing unit 120 and an intra-predietion processing unit 126. Inter-prediction 
processing unit 120 includes a motion estimation unit 122 and a motion compensation 
unit 124. In other examples, video encoder 20 may include more, fewer, or different 
functional components. 

[0097] Video encoder 20 may receive video data. Video encoder 20 may encode each 
CTU in a slice of a picture of the video data. Each 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 100 may perform quad-tree 
partitioning to divide the CTBs of the CTU into 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 

[0098] 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 more PUs of the CU. Thus, each PU may be associated with a luma prediction block 
and corresponding chroma prediction blocks. Video encoder 20 and video decoder 30 
may support PUs having various sizes. As indicated above, the size of a CU may refer 

to the size of the luma coding block of the CU and the size of a PU may refer to the size 
of a luma prediction block of the PU. Assuming that the size of a particular CU is 
2Nx2N, video encoder 20 and video decoder 30 may support PU sizes of 2Nx2N or 
NxN for intra prediction, and symmetric PU sizes of 2Nx2N, 2NxN, Nx2N, NxN, or 
similar for inter prediction. Video encoder 20 and video decoder 30 may also support 

asymmetric partitioning for PU sizes of 2NxnU, 2NxnD, nLx2N, and nRx2N for inter 
prediction. 
[0099] Inter-prediction processing unit 120 may generate predictive data for a PU by 
performing inter prediction on each PU of a CU. The predictive data for the PU may 

include predicti ve blocks of the PU and motion information for the PU. Inter-prediction 
processing unit 120 may perform different operations ibr a PU of a CU depending on 
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whether the PU is in an I slice, a P slice, or a B slice. In an I slice, all PUs are intra 
predicted. H ence, if the PU is in an I slice, inter-prediction processing unit 120 does not 
perform inter prediction on the PU, 
|01O0] When video encoder 20 begins encoding a current picture, inter-prediction 
processing unit 120 may determine reference picture subsets for the current picture. 
Furthermore, inter-prediction processing unit 120 may determine, based at feast in part 
on the reference picture subsets for the current picture, one or more reference picture 

lists for the current picture. Inter-prediction processing unit i 20 may signal the 
reference picture subsets for the current picture using syntax elements in an SPS 
applicable to the current picture and one or more slice headers of one or more slices of 
the current picture. 
[0101] In accordance with one or more techniques 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 
entries associated with the same reference picture. For example, inter-prediction 
processing unit 120 may signal, in the slice header, a first LTRP entry. 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 picture. Furthermore, in this example, inter-
prediction processing unit 120 may signal, 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. 
[0102] If a PU is in a P slice, motion estimation unit 122 may search the reference 

pictures in a list of reference pictures (e.g., "RefPicListO") 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 a reference index that indicates a position in 
RefPicListO of the reference picture containing the reference region for the PU, In 
addition, motion estimation unit 122 ma}' generate a motion vector that indicates a 
spatial displacement between a coding block of the P U and a reference location 
associated with the reference region. For instance, the motion vector may be a two-
dimensional vector that provides an offset from the coordinates in the current decoded 

picture to coordinates in a reference picture. Motion estimation unit 122 may output the 
reference index and the motion vector as the motion information of the PU. Motion 
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compensation unit 124 may generate the predictive blocks of the PU based on actual or 
interpolated samples at the reference location indicated by the motion vector of the PU. 
[0103] If a PU is in a B slice, motion estimation unit 122 may perform uni-prediction or 
bi-prediction for the PU. To perform uni-prediction for the PIJ, motion estimation unit 
122 may search the reference pic tures of RefPicListO or a second reference picture list 
("RefPicListl") for a reference region for the PIJ. Motion estimation unit 122 may 
output, as the motion information of the PU, a reference index that indicates a position 

in RefPicListO or RefPicListl of the reference picture that contains the reference region, 
a motion vector that indicates a spatial displacement between a sample block of the PU 
and a reference location associated with the reference region, and one or more 
prediction direction indicators that indicate whether the reference picture is in 
RefPicListO 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. 

[0104] To perform bi-directional inter prediction for a PU, motion estimation unit 122 
may search the reference pictures in RefPicListO for a reference region for the PU and 
may also search the reference pictures in RefPicListl for another reference region for 
the PU. Motion estimation unit 122 may generate reference indexes that indicate 
positions in RefPicListO and RefPicList l of the reference pictures that contain the 
reference regions. In addition, motion estimation unit 122 may generate motion vectors 
that indicate spatial displacements between reference locations associated with the 
reference regions and a prediction block of the PU. The motion information of the PU 

may include the reference indexes and the motion vectors of the PU. Motion 
compensation unit 124 may generate the predictive sample blocks of the PU based at 
least in part on actual or interpolated samples at the reference region indicated by the 
motion vectors of the PU. 
[0105] Infra-prediction processing unit 126 may generate predictive data for a PU by 
performing intra prediction on the PU, The predictive data for the PU may include 
predicti ve sample blocks for the PU and various syntax elements, Intra-prediction 
processing unit 126 may perform intra prediction on PUs in I slices, P slices, and B 
slices, 

[0106] To perform intra prediction on a PU. intra-prediction processing unit 126 may-
use multiple intra prediction modes to generate multiple sets of predictive data for the 
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PU, Intra-prediction processing unit 126 may use samples from spatially-neighboring 
blocks to generate the predictive blocks of a PU. The neighboring PUs may be above, 
above and to the right, above and to the left, or to the left of the PU, assuming a left-to-
right, top-to-bottom encoding order for PUs, CUs, and CTUs. Intra-prediction 
processing unit 126 may use various numbers of intra prediction modes, e.g., 33 
directional intra prediction modes. In some examples, the number of intra prediction 
modes may depend on the size of the prediction blocks associated with the PU. 

[0107] Prediction processing unit 100 may select the predictive data for PUs of a CU 
from 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 predictive data for the PUs 
of the CU based on rate/distortion metrics of the sets of predictive data. The predictive 
blocks of the selected predictive data may be referred to herein as the selected predictive 

blocks. 

[0108] Residual generation unit 102 may generate, based on the luma, Cb and Cr 
coding blocks of a CU and the selected predictive luma, Cb and Cr blocks of the PUs of 
the CU, a luma, Cb and Cr residual blocks of the CU. For instance, residual generation 
unit 102 may generate the residual blocks of the CU such that each sample in the 
residual blocks has a value equal to a difference between a sample in a coding block of 
the CU and a corresponding sample in a corresponding selected predictive block of a 
PU of the CU. 
[0109] Transform processing unit 104 may perform quad-tree partitioning to partition 

the residual blocks associated with a CU into 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 luma and 
chroma transform blocks of TUs of a CU may or may not be based on the sizes and 
positions of prediction blocks of the PUs of the CU. A quad-tree structure known as a 
"residual quad-tree" (RQT) may include nodes associated with each of the regions. The 
TUs of a CU may correspond to leaf nodes of the RQT. 
[0110] Transform processing unit 104 may generate coefficient blocks for each TU of a 
CU by applyin g one or more transforms to the transform blocks of the TU. Transform 

processing unit 104 may apply various transforms to a transform block associated with a 
TU. For example, transform processing unit 104 may apply a discrete cosine transform 
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(OCT), a directional transform, or a conceptually similar transform to a transform block. 
In some examples, transform processing unit 104 does not apply transforms to a 
transform block. In Such examples, the transform block may be treated as a coefficient 
block. 
[0111] Quantization unit 106 may quantize the transform coefficients in a coefficient 
block. The quantization process may reduce the bit depth associated with some or all of 
the transform coefficients. For example, an «-bit transform coefficient may be rounded 

down to an w-bit transform coefficient during quantization, where n is greater than m. 
Quantization unit 106 may quantize a coefficient block associated with a TU of a CU 
based on a quantization parameter (QP) value associated with the CU. Video encoder 
20 may adjust the degree of quantization applied to the coefficient blocks associated 
with a CU by adjusting the QP value associated with the CU. Quantization may 
introduce loss of information, thus quantized transform coefficients may have lower 
precision than the original ones. 

[0112] Inverse quantization unit 108 and inverse transform processing unit 110 may 
apply inverse quantization and inverse transforms to a coefficient block, respectively, to 
reconstruct a residual block from the coefficient block, .Reconstruction, unit 112 may 
add samples of the reconstructed residual block to corresponding samples from one or 
more predictive blocks generated by prediction processing unit 100 to produce a 
reconstructed transform block associated with a TU. By reconstructing transform 
blocks for each TU of a CU in this way, video encoder 20 may reconstruct the coding 

blocks of the CU. 
[0113] Filter unit 114 may perform one or more deblocking operations 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 one or 
more deblocking, operations on the reconstructed coding blocks. Inter-prediction 
processing unit 120 may use a reference picture that contains the reconstructed coding 
blocks to perform inter prediction on P Us of other pictures. In addition, intra-prediction 
processing unit 126 may use reconstructed coding blocks in decoded picture buffer 116 
to perform intra prediction on other PUs in the same picture as the CU, 
[0114] Entropy encoding unit 118 may receive data from other functional components 

of video encoder 20. For example, entropy encoding unit 118 may receive coefficient 
blocks from quantization unit 106 and may receive syntax elements from prediction 



WO 2014/052123 PCT/US2013/060416 

33 

processing unit 100. Entropy encoding unit 118 may perform one or more entropy 
encoding operations on the data to generate entropy-encoded data. For example, 
entropy encoding unit 118 may perform a context-adaptive variable length coding 
(CAVLC) operation, a CABAC operation, a variable-to-variable (V2V) length coding 
operation, a syntax-based context-adaptive binary arithmetic coding (SBAC) operation, 

a Probability Interval Partitioning Entropy (PIPE) coding operation, an Exponential-

Golomb encoding operation, or another type of entropy encoding operation on the data. 

Video encoder 20 may output a bitstream that includes entropy-encoded data generated 
by entropy encoding unit 118. For instance, the bitstream may include data that 
represents a RQT for a. CU. 
[0115! FIG. 3 is a bloclt diagram illustrating an example video decoder 30 that is 
configured to implement the techniques of this disclosure, FIG. 3 is provided for 
purposes of explanation and is not limiting on the techniques as broadly exemplified 
and described in this disclosure. For purposes of explanation, this disclosure describes 

video decoder 30 in the context of HEVC coding. However, the techniques of this 
disclosure may be applicable to other coding standards or methods. The bitstream may 
also include syntax elements that are not entropy coded. 
[6116] In the example of FIG. 3, video decoder 30 includes an entropy decoding unit 
150, a prediction processing unit 152, an inverse quantization unit 154, an inverse 
transform processing unit 156, a reconstruction unit 158, a filter unit 160, and a decoded 
picture buffer 162. Prediction processing unit 152 includes a motion compensation unit 
164 and an intra-prediction processing unit 166. In other examples, video decoder 30 

may include more, fewer, or different functional components, 
[0117] Video decoder 30 may receive a bitstream. Entropy decoding unit 150 may 
parse the bitstream to obtain syntax elements from the bitstream. Entropy decoding unit 
150 may entropy decode entropy-encoded syntax elements in the bitstream. Prediction 
processing unit 152, inverse quantization unit 154, inverse transform processing unit 
156, reconstruction unit 158, and filter unit 160 may generate decoded video data based 
on the syntax elements obtained from the bitstream. 
[0118] The bitstream may comprise a series of NAL units. The NAL units of the 
bitstream may include coded slice NAL, units. As part of decoding the bitstream, 

entropy decoding unit 150 may obtain and entropy decode syntax elements from the 
coded slice NAL units. Each of the coded slices may include a slice header and slice 
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data. The slice header may contain syntax elements pertaining to a slice. The syntax 
elements in the slice header may include a syntax element that identifies a PPS 
associated with (i.e., applicable to) a picture that contains the slice. 
|G!!9] In addition to obtaining syntax elements from the bitstream, video decoder 30 
may perform a reconstruction operation on a CIJ. To perform the reconstruction 
operation on a CU, video decoder 30 may perform a reconstruction operation on each 
TU of the CU. By performing the reconstruction operation for each TU of the CU, 

video decoder 30 may reconstruct residual blocks of the CU. 
[0120] As part of performing a reconstruction operation on a TU of a CU, inverse 
quantization unit 154 may inverse quantize, i.e., de-quantize, coefficient 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 to apply. That is, the compression ratio, 
i.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 employed, if any. 
[0121] 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 transform (KLT), an inverse rotational 

transform, an inverse directional transform, or another inverse transform to the 
coefficient block. 
[0122] If a PU is encoded using intra prediction, intra-prediction processing unit 166 
may perform intra prediction to generate predictive blocks for the PU. Intra-prediction 
processing unit 166 may use an intra prediction mode to generate the predictive luma, 
Cb 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. 
[0123] 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 in an SPS applicable to the current picture and syntax elements in a slice 
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header of a slice of the current pic ture. The reference picture subsets for the current 
picture may include RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFoll, 
RefPieSetLtCurr, and RefPicSetLtFoll. 
16124] One or more LTRP entries may be signaled in the slice header. The LTRP 
entries may be signaled in the slice header using indexes and/or explicitly signaled in 
the slice header. Each of the LTRP entries signaled in the slice header indicates a 
reference picture in a long-term reference picture subset of the current picture (e.g., 
RefPieSetLtCurr and RefPicSetLtFoll). In accordance with one or more techniques of 
this disclosure, two LTRP entries signaled in the slice header cannot indicate that the 
same reference picture is included in the long-term reference picture set of the current 
picture. For instance, when the set of one or more LTRP entries includes a first LTRP 
entry indicating that a particular reference picture is in a 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 

pic ture is in the long-term reference picture set of the current picture. 
[0125] Prediction processing unit 152 may construct a first reference picture list 
(RefPicListO) and a second reference picture list (RefPicListl) based at least in part on 
the reference pictures in decoded picture buffer 162 and the reference pictures in 
RefPicSetStCurrBefore, RefPicSetStCurrAfter, and RefPieSetLtCurr. Furthermore, if a 
PU is encoded using inter prediction, entropy decoding unit 150 may extract motion 
information for the PU. Motion compensation 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 luma, Cb and Cr blocks for the PU. 
[0126] Reconstruction unit 158 may use the luma, Cb and Cr transform blocks 
associated with TUs of a CU and the predictive luma, Cb and Cr blocks of the PUs of 
the CU, i.e., either intra-prediction data or inter-prediction data, as applicable, to 
reconstruct the luma, Cb and Cr coding blocks of the CU. For example, reconstruction 
unit 158 may add samples of the luma, Cb and Cr transform blocks to corresponding 
samples of the predictive luma, Cb and Cr blocks to reconstruct the luma, Cb and Cr 
coding blocks of the CU, 

[0127] Filter unit 160 may perform a deblocking operation to reduce blocking artifacts 
associated with the luma, Cb and Cr coding blocks of the CU, Video decoder 30 may 
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store the luma, Cb and Cr coding blocks of the CU in decoded picture buffer 162, 
DecoSed picture buffer 162 may provide reference pictures for subsequent motion 
compensation, intra prediction, and presentation on a display device, such as display 
device 32 of FIG. J. For instance, video decoder 30 may perform, based on the luma, 
Cb 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 coefficient levels, apply a transform to the transform coefficient 
levels to generate a transform block, generate, based at least in pan on the transform 
block, a coding block, and output the coding block for display. 
[6128] FIG. 4 is a flowchart illustrating an example operation 200 of video encoder 20, 
in accordance with one or more techniques of this disclosure. As shown in the example 
of FIG. 4, video encoder 20 may generate an SPS (202). In addition, video encoder 20 

may signal, in a slice header for a current slice of a. current picture, a first LTRP entry 

(204). The first LTRP entry indicates that a particular reference picture is in a long-
term reference picture set 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 picture (206). 

[01.29] In some examples, the SPS includes a set of one or more LTRP entries that 
includes the first LTRP entry. In some such examples, video encoder 20 generates the 
SPS such that the SPS includes the first LTRP entry only if the SPS does not already 

include a. copy of the first LTRP entry. That is, video encoder 20 may generate the SPS 
such that the SPS conforms to a restriction that prohibits the SPS from including two or 
more copies of the same LTRP entry. For instance, a bitstream may fail to pass a 
bitstream conformance test if the SPS includes two or more copies of the same LTRP 
entry, 
[0130] FIG. 5 is a flowchart illustrating an example operation 250 of video decoder 30, 
in accordance with one or more techniques of this disclosure. As illustrated in the 
example of FIG. 5, video decoder 30 may obtain, from a bitstream, an SPS that is 
applicable to a current picture (25.2). In 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 more LTRP 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 in 
a long-term reference picture set of the current picture. Furthermore, the set of one or 
more LTRP entries may include a second LT RP 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. 
[01.31] Video decoder 30 may generate, based at least in part on the one or more LTRP 
entries, a reference picture list for the current picture (256). In addition, video decoder 

30 may reconstruct, based at least in part on one or more reference pictures in the 
reference picture list for the current picture, the current picture (258). 
[0132] In some examples, the SPS may include the first LTRP entry and the slice 
header may include an index to the first LTRP entry. Furthermore, in some such 
examples, the slice header may include the 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. For example, the slice header may be in compliance 

with a restriction that prohibits the slice header from including a particular LTRP entry 
if the slice header includes an index to an equivalent LTRP entry in the SPS. Thus, a 
bitstream may fail to satisfy a bitstream conformance test if the slice header includes a 
particular LTRP entry and there is an equivalent LTRP entry in the SPS. In this 
example, the particular LTRP entry includes a LSB syntax element and a usage syntax 
element. Furthermore, in this example, the equivalent LTRP entry includes a LSB 
syntax element that matches the LSB syntax element of the particular LTRP entry and 

the equivalent LTRP entry includes a usage syntax element that matches the usage 
syntax element of the particular LTRP. 
[0133] 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 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. 
[0134] 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 LSB syntax 
elements and usage flag syntax elements. Furthermore, the slice header may be in 

compliance with a restriction that prohibits the slice header from including two indexes 
to a single LTRP entry in the SPS. For example, if the SPS includes an LTRP entry 
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associated with the index "2," the slice header cannot include the index value "2" more 
than once, 
[0135] In other examples, the slice header may include the first LTRP entry. In such 
examples, the slice header may include the second LTRP entry only if the second LTRP 
entry does not indicate that the particular reference picture is in the long-term reference 
picture set of the current picture. Thus, the slice header may be in compliance with a 
restriction that prohibits the slice header from including two LTRP entries that indicate 
reference pictures having the same POC value. 

[0136] The following section describes changes, to HEVC Working Draft 8 that may 
implement 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 8 is shown below as struck-through. Other parts not mentioned 
below may be the same as in HEVC Working Draft 8. 
[0137] In section 7,4.2.2 of HEVC Working Draft 8, the semantics for 

used_by_eurr_pic_It_sps_flag[ i ] are modified as follows: 

used by curr pie It sps_flag[ i ] equal to 0 specifies that the i-tli candidate long-term 
reference picture specified in the sequence parameter set is not used for reference by a 
picture that includes in its reference picture set the i-th candidate long-term reference 
picture specified in the sequence parameter set. For any i andj in the range ofO 
to numJongjerm_refj>ics_sps - 1, inclusive, if i is not equal to j and 

lt_ref_pic_poe_lsb_sps{ ij is equal to lt_ref_pic_pocJsb_sps[j ], then 
usedjrv\_eurr_picjt_spsjlag[ i] shall not be equal to 
used_by_curf_piejt_spsjlag[j ]. 

[0138] This modification to section 7.4.2.2 of HEVC Working Draft 8 may, in 
accordance with one or more techniques of this disclosure, implement the restriction 
that disallows a slice header from signaling (explicitly or indexed) duplicate LTRPs. 
[0139] In section 7.3.5.1 of HEVC WD 8, the slice header syntax may be modified 
indicated in Table 3, below. 
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TABLE 3s Slice header syntax 

short terns ref pic set idx u(v) 
ii( long_term_reij)ics_j>resenE_i!ag ) { 

i f( mim_leng-_terro_refjpies jsps > 0 ) 
mi mj o a g_terim_s p S iie(v) 

num. _ long_term_ _ pics ue(v) 
fori i — 0; i < numJcmg...term jsps + nuiri iong .tenn pics; i++ ) } 

if( i < rium_ long Jerm .sps ) 
lt_idx_sps[ i J u(v> 

else | 
poc_lsb_lt[ i ] u(v) 
used.J}y_currjjic_lt_flag[ J ] WD 

i 
delta_pec_msb_present_Bag[ i ] 
if( delta_poc_tnsb_preserit_flag[ i ]) 
delta_poc_msb_cyck_lt_j»/Hsi[ i ] ue(v) 

) 
) 

This modification to section 7.3.5.1 of HEVC WD 8 may, in accordance with one or 
more techniques of this disclosure, implement the removal of the 
ddta_pocjii(SbeJ5reseut_flag[ij syntax element and the modification of the 
delta_poc_msb_cycle_lt syntax element to cover all cases. 
[0140] In section 7.4,5.1 of HEVC WD 8, the slice header semantics may be modified 

as follows: 

pocjsbjtf i ] specifies the value of the least significant bits of the picture order count 
value of the i-th long-term reference picture that is included in the long-term reference 
picture set of the current picture. The length of the poc Isb lt[ i ] syntax element is 
log2 max pic order cut Isb minus4 + 4 hits. For any values of j and k in the range of 
numJong_term_sps -to num_long_term_sps + num_long_term_pics - 1, inclusive, if j is 
less than k, poc_lsb_lt[ j ] shall not be less than poc_lsb_lt[ k ], 

used_by_curr_pic_lt_flag[ i ] 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 ofj in the range of() 

to nimJongjerm_refj>ics_$p$ - J, inclusive, ifpocjsbjtf i J equals 
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lt_ref_pic_poeJsb_sps[j], used br curr pic It jlagf i J shall not equal 

usedjby_eurr_picjt_sps.Jlag[j ]. 

The variables PocLsbLt[ i ] and UsedByCurrPicLt[ i ] are derived as follows. 

If i is less than mim long term sps, PocLsbLt[ i ] is set equal to 

lt_ref_pic_pocJsb_sps[ lt_idx_sps[ i ] j and UsedByCurrPicLtf j ] is set equal to 

used_by_curr_pic_lt_sps_f3ag[ lt_idx_sps[ i ] ]. 

- Otherwise, PocLsbLt[ i ] is set equal to poc Isb lt[ i J and UsedByCurrPicLtf i 

is set equal to used__by__curr_j)ic_lt_flag[ i ]. 

—fBSb—ByC'ie—14{-S"{ 

c4frk-a"-pee""fflsbY-€ye4e;44{4^s-fte4-pfe^^^ 

with the least signifieant bits of the picture order count value equal to poc_lsb_lt[ i ]. 

de]ta_poc_msb__cycleJt i ] minus I is used to determine the value of the most 

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

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

delta_poc_msb_cycleJt_plusi[ i ] shall he greater than 0 when there Is more than one 

reference picture in the decoded picture buffer, excluding those pictures that are 

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

count modulo MaxPicOrderCntLsb equal to PocLsbLtf i ]. 

NOTE - When the value of deUa_poc_msb_cyc}e_lt_plusl[ i ] is 0, the MSB cycle is 

considered not signaled for the i-th long-term reference picture. 

The variable DeltaPocMSBCycIeLt[ i ] is derived as follows. 

iff i = = 0 j j i = = num_long_term_sps 11 PocLsbLt[ i — 1 ] ! = 

PocLsbLt[ i ]) 

DeltaPocMSBCycleLt[ i jdeltapoc msb ...cycle It piusl[i ] -1 

else (7-33) 

DeltaPocMSBCyeleLtf i ] = delta_poc_msb_cycle_lt_plusl[ i] - I + 

Delta PocMSBCycieL t [ i - I ] 
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The value of DcitaPocMSBCyclcLt[ i ] * MaxPicOrderCntLsb + pic_order_cnt_lsb -
PocLsbLt[ i ] shall be in the range of 1 to 2i4 ~ 1, inclusive. For i and j in the range of 0 
to num Jong term _sps + nam Jong term pics - L inclusive, if / is not equal to j and 
PocLshLt[ i ] is equal to PocLsbLtf j], DeltaPocMSBCycieLtf i ] shall not he equal to 
DeltaPocMSBCycleLtf j j. 

[0141] The modification to the semantics of the iised_by__curr_pic__lt_flag[i] syntax 

element may, in accordance with one or more techniques of this disclosure, implement 
the restriction that a slice header shall not explicitly indicate an LTRP when an 
applicable SPS indicates an equivalent LTRP. Furthermore, the changes shown above 
to section 7.4.5.1 of HEVC Working Draft 8 remove the semantics of the 
deltajpocjmsbjpreseat_flag[i] syntax element, in accordance with one or more 
techniques of this disclosure. Furthermore, the changes shown above to section 7.4.5.1 
of HEVC Working Draft 8 modify the semantics of the delta jpoc__nisbjcyeleJt syntax 

element in accordance with one or more techniques of this disclosure. In addition, the 
clause "excluding those pictures that are signaled as short-term reference picture for the 
current picture'" in the semantics for the deltajoc^msbjcyeleJitjphisl Syntax element 
may be part of the implementation of techniques of this disclosure for restricting video 
encoder 20 from signaling the MSBs of an LTRP when there are n (where « > 1) 

reference pictures in the DPB with the same I,SB and n- 1 of those reference pictures 
are signaled as STRPs and the »-th picture is signaled as an LTRP. Furthermore, the 

clause "for i and j in the range of 0 to num_long_term_sps + num_Iong_term_j>ics - 1, 
inclusive, if i is not equal to j and PocLsbLtf i ] is equal to PocLsbLtjj ], 
DeltaPocMSBCycleLtf i ] shall not be equal to DeltaPocMSBCycleLtf j ]" may be part 
of the implementation of the techniques of this disclosure that mandate that each LTRP 
signaled in a slice header must refer to a distinct reference picture among all the LTRPs 
signaled in the slice header. 
[0142] In alternative examples, the slice header semantics may be the same as those 
shown in the example above, except that the clause "for i and j in the range of 0 to 
num_Jong_term_sps + num_long_termj)ics - 1, inclusive, if I is not equal to j and 
PocLsbLtf i ] is equal to PocLsbLtjj ], DeltaPocMSBCycleLtf i ] shall not be equal to 

DeltaPocMSBCycleLtf j ]." is omitted from the semantics of the 
delta_poc_msb_cycle_lt__plus i [i] syntax element. 
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[0143] In section 8.3,2 of HEVC Working Draft 8, 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; PocStCurrBefore, PocStCurrAfter, PocStFoll, PocLtCurr, 
and PocLtFoll with NumPoeStCurrBefore, NumPocStCurrAfter, 
NuniPocStFoll, NumPocLtCurr, and NumPocLtFoll number of elements, 
respectively, 

- If the current picture is an IDR picture, PocStCurrBefore, PocStCurrAfter, 
PocStFoll, PocLtCurr, and PocLtFoll are all set to empty, and 
NumPoeStCurrBefore, NumPocStCurrAfter, NumPocStFoll, 

NumPocLtCurr, and NumPocLtFoll are all set to 0. 

- Otherwise, the following applies for derivation of the five lists of picture 
order count values and the numbers of entries, 

- ?or( i = 0, j = 0, k = 0; i < NumNegativePicsf StRpsIdx ]; 1++ | 

if( UsedByCurrPicS0[ StRpsIdx ][ i ] ) 
PocStCurrRefore[ j++ ] - PicOrderCntVal + 

DeltaPocS0[ StRpsIdx ][ i ] 
else 
PocStFoll[ k++ ] = PicOrderCntVal t DeltaPocS0[ StRpsIdx j[ i 1 

NumPoeStCurrBefore ~ j 

for( i - 0, j = 0; i < NumPositivePicsf StRpsIdx ]; i++ ) 

if( UsedByCurrPicS 1 [ StRpsIdx ][ i ] ) (A! 

PocStCurrAfter[ j++ ] = PicOrderCntVal + DeltaPocS I [ StRpsIdx ][ i ] 

else 
PocStFoll[ k-i-+ ] === PicOrderCntVal t DeltaPocS 1[ StRpsIdx j[ i | 

NumPocStCurrAfter - j 
NumPocStFoll = k 
(8-5) 

for( i = 0, j = 0, k = 0; i < num_long_term_sps + n'um_long_term_pics; 
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pocLt = PocLsbLt[ i ] 
xf( deltajpoc^msbjpfesefirt^flagcvde^ft_phsi[ i] > 0) 
pocl.i +==- PicOrderCntVal - DeltaPocMSBCycleLt[ 1 ] * 

MaxPicOrderCntLsb - pic_order cnt__lsb 
iff UsedByCurrPicLtf i ]) { 
PocLtCurr[ j ] - pocLt 
CurrDeltaPocMsbPresentFlagl j-H- ] » ( 

delta_poc_msb_pre8ent_flage)'Cife_/?_plml[ i ] > 0 ) 
} else { 
PocLtFoll[ k ] - pocLt (B) 
FollDeltaPocMsbPresentFlagf I.-H- ] *» ( 

deltajoc_msbj^=e5j«Frt=4tegc>!cfe_/f_plusl[ i ] > 0) 
} 

< 

NumPocLtCurr = j 
NumPocLtFoll = k 

- where PicOrderCntVal is the picture order count of the current picture as 
specified in subclause 8.3.1. 

NOTE 2 - A value of StRpsIdx in the range from 0 to 
num_short_term_ref_pic_sets -1, inclusive, indicates that a short-term 
reference picture set from the active sequence parameter set is being used, 
where StRpsIdx is the index of the short-term reference picture set to the list 
of short-term reference picture sets in the order in which they are signaled in 
the sequenceparameter set. StRpsIdx equal to num_short_tenn_ref_pic_s@ts 
indicates that a short-term reference picture set explicitly signaled in the 
slice header is being used. 

€iiTrDeltaPocMsbPresentFlag[444fr^q«al-te-4T4t-fe-&-feqw!erneiit-el:-bitstream 
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fof-wfeeh PocLtCurr[4 ] is equal to PocStCurrAftefE-j-jr 

There shall be no j in the range of 0 to NumPocStFoll - 1, inclusive, for 

F-o34D€4taP-eK5MsbPf€-s#fttli'4ag[-4-3-4s-€-qttai-te--4--4t-4s-Ta-f€-qttk-eHieHt-ef-L44streaffl 

for which PocLtFoll[ i ] is equal to PocStCurrBefore[ j ]. 

There shall be no j in the range of 0 to NumPocStCurrAfter -• 1. inclusive. 

wh4eWieeLtFett{444s--eq«a34-e--PeeSt-F€44f;i-4.-

For each i in the range of 0 to NumTocLtCurr - 1, inclusive, when 

conformance that the following conditions apply: 

Tk€fe-i4*al4-be--m^4n the urn1 )c.4K-:urrBe fore-— 

('PooStCuaS^fiiret j ] & ('Ma«PicQrdifCiitl^3 ̂  1)). 

There shall be no j in the range of 0 to NumPocStCurrAfter - 1, inclusive, 

fPecStGurrAftefy-j-&-fMaxP4eOrder(5fltfcsb ~ 4~Hr 

There shall be no j in the raftge-6£-&-46-NumPoe8tFell - 3, inclusiver-fe? 

( FocStFolljj ] & ( MaxPicOrderCntLsb ~ 1 )-)? 

For each i in the range of 0 to NumPocLtFoll-" 1, inclusive, when 

eenformance that the following-conditions apply; 
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There shall be 110 j in the range of 0 to NumPooStCurrBe --l-riaeitisive-

( PocStCurrBeforef-j ] & ( MaxPicOrderCntLsb - 1 )). 

no-j-HHfee-raiige 

( PocStCurrAfter[ j ] & ( MaxFicOrderCntLsb - 1 ) ). 

There shall be no j in the range of 0 to NumPooStFoll - 1, inclusive, for 

The reference picture set consists of five lists of reference picture 

entries: RefPicSetStCurrBefore, RefPicSetStCurrAfter, RefPicSetStFoll, 

RefPieSetLtCurr and RefPicSetLtFoll. The variable NumPocTotalCurr is set 

equal to NumPoeStCurrBefore + NumPocStCurrAfter + NumPocLtCurr. 

It is a requirement of bitstream conformance that the following applies 

to the value of NumPocTotalCurr: 

- If the current picture is a BLA or CRA picture, the value of 

NumPocTotalCurr shall be equal to 0. 

- Otherwise, when the current picture contains a. P or B slice, the value of 

NimiPocTotalCurr shall not be equal to 0. 

- NOTE 3 - RefPicSetStCurrBefore, RefPicSetStCurrAfter and 

RefPieSetLtCurr contains all reference pictures that may be used in inter 

prediction of the current picture and that may be used in inter prediction of 

one or more of the pictures following the current picture in decoding order, 

RefPicSetStFoll and RefPicSetLtFoll consists of all reference pictures that 

are not 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 

in decoding order. 

The derivation process for the reference picture set and picture marking 

are performed according to the following ordered steps, where DPB refers to 

the decoded picture buffer as described in Annex C: 

(D) 
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1, The following applies: 

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

if( !CurrDeltaPocMsbPresentFlag[ i ] } 

iff there is a long-term reference picture picX in the DPB {Edi-(j 

Should be made more-pfeetse. (GJS^-Seems roughly OK to m&rj 

with pic order cut Isb equal to PocLtCurr[ i ] 

and with PicOrderCntVal not in any of PocStCurrBefore[J, 

PocStCurrAfter[ j, and PocStFoll[ ] ) 

RefPicSetLtCurr[ i ] = picX 

—else if( there is a short term reference picture picY in the DPB 

R.efPicSetLtCurr[ i ] ~~ picY 

else 

RefPicSetLtCurr[ i ] - "no reference picture" 

else 

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

with PicOrderCntVal equal to PocLtCurr[ i ] ) 

RefPicSetLtCurrf i ] = picX 

else iff there fe a short-term refereftee-pieture pie¥ in the DPB 

else 

RefPicSetLtCurr[ i ] = "no reference picture" 

(8-6) 

fort i — 0; i < NumPocLtFoll; i-H-) 

if( !FollDeltaPocMsbPresentFlag[ i ] ) 

if( there is a leng-teFm reference picture picX in the DPB 

with pic_order_ent_lsb equal to PocLtFoll [ i ] 

and with PicOrderCntVal not in any of PocStCurrBefore/' ], 

PocStCurrAfierf J, and PocStFoUf ] ) 
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RefPicSetLtFoll [ i ] = picX 

-else reference picture pic¥-^-4he-9PB-

else 

RefPicSetLtFoll[ i ] ~ "no reference picture" 

else 

if( there is a long-tern* reference picture picX in the DPB with 

PicOrderCntVal to PocLtFoll!' i ] ) 

RefPicSetLtFoll[ i J = picX 

else 

RefPicSetLtFoll [ i ] - "no reference picture" 

2, All reference pictures included in RefPieSetLtCurr and RefPicSetLtFoll 

are marked as "used for long-term reference", and the following 

constraints apply. 

For each i in the range ofO to NumPocLtCurr - 1, inclusive, it is 

a requirement of bitstream conformance that the following conditions 

apply: 

o There shall be no j in the range of 0 to 

NumPoeStCurrBefore - I, inclusive, for which PicOrderCntVal 

of RefPieSetLtCurr[ i ] is equal to PocStCurrBefore[ j ]. 

o 'There shall be no j in the range ofO to NumPocStCurrAfter - 1, 

inclusive, for which PicOrderCntVal of RefPicSelLlCurrf if is 

equal to PocStCurrAJier[j]. 

o There shall be no j in the range of 0 to NumPocStFoll - 1, 

inclusive, for which PicOrderCntVal of RefPieSetLtCurr[ i ] is 

equal to PocStFoll[j j. 
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For each I in the range ofO to NumPocLtFoll — 1, inclusive, 

when RefPicSetLtFoll[ i ] is not equal to "no reference picture it is a 

requirement of bitstream conformance that the following conditions 

apply: 

o There shall be noj in the range ofO to 

NumPoeStCurrBefore — 1, inclusive, for which PicOrderCntVal 

of RefPicSetLtFoll[ i ] is equal to PocStCurrBefore [j ]. 

o There shall be noj in the range of 0 to NumPocStCurrAfter - 1, 

inclusive, for which PicOrderCntVal of RefPicSetLtFoll[ i ] is 

equal to PocStCurrAfter[ j j. 

w There shall be noj in the range off) to NumPocStFoll - L 

inclusive, for which PicOrderCntVal of RefPicSetLtFollf i] is 

equal to PocStFollf j ]L 

3. The following applies: 

for( i = 0; i < NumPoeStCurrBefore; i++ ) 

if( there is a short-term reference picture picX in the DPB 

with PicOrderCntVal equal to PocStCurrBefore[ i ]) 

RefPicSetStCim'Before[ i ] - picX 

else 

RefPicSetStCurrBeforef i ] == "no reference picture" 

- for( i = 0; i < NumPocStCurrAfter; i++ ) 

if( there is a short-term reference pictisre picX in the DPB 

with PicOrderCntVal equal to PocStCurrAfter[ i ]) 

RefPicSetStCurrAfterf i J = picX 

else 

RefPicSetStCimAfter[ i ] - "no reference picture" 

(8-7) 

- for( i -0; i <NumPocStFoll; i++ ) 

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

(F) 
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with PicOrderCntVal equal to PocStFoll[ i j) 
RefPicSetStFoll[ i ] =picX 

else 
RefPicSetStFofl[ i ]"no reference picture" 

4. All reference pictures in the decoded picture buffer that are not included 
in RefPieSetLtCurr, RefPicSetLtFoll, RefPicSetStCurrBefore, 
RefPicSetStCurrAfter or RefPicSetStFoll are marked as "unused for 

reference". 

- NOTE 4 - There may be one or more Fefefettee-fiieWfes-that-are 
included entries in the reference picture set fetrt equal to "no reference 
picture" because the corresponding pictures are not present in the 
decoded picture buffer. Entries in RefPicSetStFoll or RefPicSetLtFoll 
that are equal to "no reference picture" should be ignored. An 
unintentional picture loss should be inferred for each entry in 
RefPicSetStCurrBefore, RefPicSetStCurrAfter and or 
RefPieSetLtCurr that is equal to "no reference picture". 

ft is a requirement of bitstream conformance that the reference picture 
set is restricted as follows: 

- There shall be no entry in RefPicSetStCurrBefore, ReMcSetStCurrAfter or 
RefPieSetLtCurr for which one or more of the following are true. 

- The entry is equal to "no reference picture". 

- The entry is a picture that has nal__unit_type equal to TRAIL_N, 
TSA N or STSA N and Temporaifd equal to that of the current 
picture. 

The entry is a picture that has Temporalld greater than that of the 
current picture. 

- When the current picture is a TS A picture, there shall be no picture included 
in the reference picture set with Temporalld equal to or greater than that 

of the current picture. 
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- When the current picture is an STSA picture, there shall be no picture 

included in RefPicSetStCurrBefore, RefPicSetStCurrAfter or 
RefPieSetLtCurr 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 in RefPicSetStCurrBefore, RefPicSetStCurrAfter or 
RefPieSetLtCurr that pr-eeeded precedes the STSA picture in decoding 
order, 

- When the current picture is a 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 picture in 
RefPicSetStCurrBefore, RefPicSetStCurrAfter or RefPieSetLtCurr that was 
generated by the decoding process for generating unavailable reference 
pictures as specified in subclause 8.3.3. 

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

- When the current picture is a DLP picture, there shall be no picture included 
in RefPicSetStCurrBefore, RefPicSetStCurrAfter or RefPieSetLtCurr that is 

any of the following types of pictures. 

- A TFD picture. 

- A picture that was generated by the decoding process for generating 
unavailable reference pictures as specified in subclause 8.3,3. 

- A picture that precedes the associated RAP picture in decoding 
order. 

- When the sps_temporal_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 1MB that is less than or equal to fid A 

shall not be included in RefPicSetStCurrBefore, RefPicSetStCurrAfter 

or RefPieSetLtCurr of picA when there exists a picture pieC with 

Temporalld equal to tldC that is less than tldB, which follows the picture 

picB in decoding order and precedes the picture picA in decoding order. 

- NOTE 5 - A picture cannot be included in more than one of the five 

reference picture set lists. 

For any two different values of idxA and idxB in the range of 0 to 

num yhort ierm ref pic sets, inclusive, one or more of th-e following shall 

be true. 

- NumNegativePicsf idxA ] is not equal to NumNegativePicsf idxB ]. 

- NumPositivePicsf idxA ] is not equal to NumPositivePicsf idxB ]. 

- When NumNegativePicsf ia'xA ] and NumPositivePicsf idxA ] equal 

NumNegativePicsf idxB ] and NumPositivePicsf idxB ], 

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

NumNegativePicsf idxB ] -1, inclusive, for which 

UsedByCurrPicSOf idxA ][ i] is not equal to 

UsedByCurrPicSOfidxB][i] or DeltaPocSO[idxA][iJ is not 

equal to DeltaPocSO/' idxB J [ i ], or there exists a j in the range ofO 

to NumPositivePicsf idxB ] - 1, inclusive, far which 

UsedByCurrPicS1 [ idxA ] [j ] is not equal to 

UsedByCurrPicSlf IdxB ] [j ] or DeltaPocS If idxA ] [j j is not 

equal to DeltaPocSi [ idxB Jf j ]. or both such i and]. 

NOTE - No two short-term reference picture set candidates 

signaled in the sequence parameter set can he identical and a short-

term reference picture set pattern cannot be explicitly signaled in the 

slice header if an identical candidate is present in the candidate list-

in the sequence parameter set. 

Alternatively, the following condition is added to reference picture set 



WO 2014/052123 PCT/US2013/060416 

52 

derivation process, 

- For each i in the range of 0 to NumPocLtFoll- 1, inclusive, when 

RefPicSetLtFoll[i] is not equal to "no reference picture", it is a 

requirement of bitstream conformance that there shall be no j in the range 

of 0 to NumPocLtCurr - /, inclusive, for which PicOrderCntVal of 

RefPicSetLtFoll[ i ] is equal to PicOrderCntVal of RefPieSetLtCurr[j]. 

[0144] The modification labeled (A) in section 8.3.2 of HEVC Working Draft 8 may be 

part of the implementation of the techniques of this disclosure for removing the 

delta_poc_msb_present_f3ag[i] syntax element and modifying the 

delta poc ...msb cycie 3t[i] syntax element to cover all possible cases (i.e., both the case 

where M SBs of a POC value are signaled and where MSBs of a POC value are not 

signaled). The modifications labeled (B), (C), (D), and (F) may be part of the 

implementation of the techniques of this disclosure for restricting video encoder 20 

from signaling the MSBs of an LTRP when there are n ( where n > 1) reference pictures 

in the DPB with the same LSBs and n - 1 of those reference pictures are signaled as 

STRPs and the «-th picture is signaled as an LTRP. 

[0145] The modification labeled (E) above 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 in 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-

term RPS candidates in the SPS. 

[0146] In some examples, element 2 in the decoding process for a reference picture set 

shown above may be replaced with the following: 

2. All reference pictures included in RefPieSetLtCurr and RefPicSetLtFoll are 

marked as "used for long-term reference", and the following constraints apply.. 

For each i in the range ofO to NumPocLtCurr - 1, inclusive, it is a 

requirement of bitstream conformance that, the following conditions apply: 
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o There shall be noj in the range of 0 to NumPoeStCurrBefore - 1, 

inclusive, for which PicOrderCntVal of'RefPieSetLtCurr[ i] is equal to 

PocStCurrBeforefj ]. 

w There shall be noj in the range ofO to NumPocStCurrAfter - 1, 

inclusive, for which PicOrderCntVal of RefPieSetLtCurr[ i] is equal to 

PocStCurrAfter[ j j. 

o There shall be no j in the range of 0 to Num PocStFoll - I, inclusive, for 

which PicOrderCntVal of RefPieSetLtCurr[ i J is equal to PocStFoll[j J. 

0 There shall he noj in the range of 0 to NumPocLtCurr - 1,inclusive, 

where j is not equal to i,for which PicOrderCntVal of 

RefPicSeit iCuni if is equal to PicOrderCntVal of 

RefPicSetUCurrf j /, 

For each i in the range ofO to NumPocLtFoll - /, inclusive, when 

RefPicSetLtFoll[ i f is not equal to "no reference picture, " it is a requirement of 

bitstream conformance that the following conditions apply: 

w There shall be noj in the range ofO to NumPoeStCurrBefore - 1, 

inclusive, for which PicOrderCntVal of RefPicSetLtFoll[ i ] is equal to 

PocStCurrBefore[ j j. 

o There shall be noj in the range ofO to Num PocStCurrAftei 1, 

inclusive, for which PicOrderCntVal of RefPicSetLtFollf i] is equal to 

PocSiCurrAfter!'j ]. 

o There shall he noj in the range ofO to NumPocStFoll ~ 1, inclusive, for 

which PicOrderCntVal ofRefPicSetLtFollf if is equal to PocStFollfj ]. 

o There shall be no j in the range of 9 to NumPocLjCurr ~ 1,inclusive, 

for which PicOrderCntVal of RefPicSetLtFollf i ] is equal to 

W There shall he no j in the range ofO to NumPocLtFoll - 1,inclusive, 

where j is not equal to i and RefPicSetLtFoHf j/ is not equal to i6no 

reference picturefor which PicOrderCntVal of RefPicSetLtFollf i / is 
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[0147] The clauses shown in bold italics above are clauses that are not in the example 
decoding process for reference picture sets shown above. The clauses shown in bold 
italics above may mandate that each LTRP that is signaled (explicitly or indexed) in the 

slice header must refer to a distinct reference picture among all the LTRPs that are 
signaled (explicitly or indexed) in the slice header. 

[0148] In an alternative example, the clause "For each i in the range of 0 to 

NumPocLtFoll - 1, inclusive, when RefPicSetLtFollj" i ] is not equal to "no reference 
picture,' it is a requirement of bitstream conformance that there shall be no j in the range 
of 0 to NumPocLtCurr - 1, inclusive, for which PicOrderCntVal of RefPicSetLtFollf i ] 
is equal to PicOrderCntVal of RefPicSetLtCurr[ j ]" may be omitted from the example 
above and replaced by the following: 

Alternatively, in the derivation of DeltaPocMSBCycleLt[ i ] in Eqn 7-33, 

"deltaJ50c_msb_cyc1 e_lt_plus 1 [ i ] - I" is replaced with "Max{ 0, 
deltajpocjiisb_eycle_lt__plusI[ i ] — 1 ). The resultant derivation of 
DeltaPocMSBCycleLt[ i ] is given below. 

The variable DeltaPocMSBCycleLt[ i ] is derived as follows, 

iff i = = 0 j j i = = num_long_term_sps 11 PocLsbLt[ i — 1 ] ! = 

PocLsbLt[ i ]) 

DeltaPocMSBCycleLt[ i j ---A faxf 0, delta poc msb cycle It plus I[ i ] - 1) 
else (7-33) 

DeltaPocMSBCycleLtf i ] =Max( 0, deltajpoc_msb_cycle_lt_ptu$.I[i] - 1) 
+ DeltaPocM8BCvcleLt[ i - 1 ] 

The example method of determining DeitaPocMSBCycleLt[i] may be part of the 
implementation of removing the deltaj:)oc_msb__present__fIag[i] syntax elemen t and 

modifying the delta_poc_msb_cyele_lt[i] syntax element to cover all possible cases 

(i.e., both the case where MSBs of a POC value are signaled and where MSBs of a POC 
value are not signaled). 
[0149] In one or more examples, the functions described may be implemented in 
hardware, software, firmware, or any combination thereof. If implemented in software, 
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the functions may be stored on or transmitted over, as one or more instructions or code, 
a computer-readable medium and executed by a hardware-based processing unit. 
Computer-readable media may include computer-readable storage media, which 
corresponds to a tangible medium such as data storage media, or communication media 
including any medium that facilitates transfer of a computer program from one place to 
another, e.g., according to a communication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage 
media which is non-transitory or (2) a communication medium such as a signal or 

carrier wave. Data storage media may be any available media that can be accessed by-
one or more computers or one or more processors to 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. 
[0150] By way of example, and not limitation, such computer-readable storage media, 
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic 
disk storage, or other magnetic storage devices, flash memory, or any other medium that 
can be used to 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 from a 
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted 
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and 
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless 

technologies such as infrared, radio, and microwave are included in the definition of 
medium. It should be understood, however, that computer-readable storage media and 
data storage media do not include connections, carrier waves, signals, or other transient 
media, but are instead directed to non-transient, tangible storage media. Disk 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 usually reproduce data magnetically, 
while discs reproduce data optically with lasers. Combinations of the above should also 
be included within the scope of computer-readable media. 
[0151] Instructions may be executed by one or more processors, such as one or more 
digital signal processors (DSPs), general purpose microprocessors, application specific 

integrated circuits (ASICs), field programmable logic arrays (FPGAs). or other 
equivalent integrated or discrete logic circuitry. Accordingly, the term "processor," as 
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used herein may refer to any of the foregoing structure or any other structure suitable for 
implementation of the techniques described herein. In addition, in some aspects, the 
functionality described herein may be provided within dedicated hardware and/or 
software modules configured for encoding and decoding, or incorporated in a combined 
codec. Also, the techniques could be fully implemented in one or more circuits or logic 
elements. 
[0152] The techniques of this disclosure may be implemented in a wide variety of 

devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of 
ICs (e.g., a chip set). Various components, modules, or units are described in this 
disclosure to emphasize functional aspects of devices configured to perform the 
disclosed techniques, but do not necessarily require realization by different hardware 
units. Rather, as described above, various units may be combined in a 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 firmware. 

[0153] Various examples 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, RefPieSetLtCurr and RefPicSetLtFoll, 
reference pictures in RefPieSetLtCurr 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 entries is a tuple consisting of a first syntax 
element and a second syntax element, the first syntax 
element indicating least significant bits of a Picture 
Order Count (POC) value of a respective LTRP of 
the LTRPs, the second syntax element indicating 
whether the respective LTRP is used for reference by 
the current picture, and 

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

storing one or more of the reference pictures in a decoded 
picture buffer, the one or more reference pictures 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 parameter set (SPS) that is appli­
cable to the current picture, the SPS including a par­
ticular LTRP 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 is 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 LTRP entry does not 
indicate that the particular reference picture is in a long-term 
reference picture set of the current picture. 

4. The method of claim 2, wherein: 
the particular LTRP entry is a first LTRP entry, 
the SPS includes the first LTRP entry and a second LTRP 

entry; and 
the slice header includes an index to the second LTRP 

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

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

6. The method of claim 2, 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. 
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7. The method of claim 2, 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. 

8. The method of claim 2, 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 LTRP entry if the slice header 
includes an index to an equivalent LTRP entry in the SPS, 
wherein the second LTRP entry includes a least-significant 
bits (LSB) syntax element and a usage syntax element, and 
the equivalent LTRP entry includes a LSB syntax element 
that matches the LSB syntax element of the second LTRP 
entry and the equivalent LTRP entry includes a usage syntax 
element that matches the usage syntax element of the second 
LTRP entry, wherein the LSB syntax element of the second 
LTRP entry and the LSB syntax element of the equivalent 
LTRP entry indicate LSBs of picture order count (POC) 
values, 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. 

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 LTRP 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-



60 

CUIT 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 RefPieSetLtCurr 
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, RefPieSetLtCurr and RefPic­
SetLtFoll, reference pictures in RefPieSetLtCurr 
and RefPicSetLtFoll 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 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 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, from the bitstream, 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 

the particular LTRP entry is signaled in the slice header by 
the slice header including an index to the particular 
LTRP entry. 

14. The video decoding device of claim 13, 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. 

15. The video decoding device of claim 13, wherein: 
the particular LTRP entry is a first LTRP entry, 
the SPS includes the first LTRP entry and a second LTRP 

entry; and 
the slice header includes an index to the second LTRP 

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

16. The video decoding device of claim 13, wherein the 
SPS is 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 LTRP 
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 is in compliance with a restriction that prohibits the 
slice header from including a second LTRP entry if the slice 
header includes an index to an equivalent LTRP entry in the 
SPS, wherein the second LTRP entry includes a least-
significant bits (LSB) syntax element and a usage syntax 
element, and the equivalent LTRP entry includes a LSB 
syntax element that matches the LSB syntax element of the 
second LTRP entry and the equivalent LTRP entry includes 
a usage syntax element that matches the usage syntax 
element of the second LTRP entry, wherein the LSB syntax 
element of the second LTRP entry and the LSB syntax 
element of the equivalent LTRP entry indicate LSBs of 
picture order count (POC) values, wherein the usage syntax 
element of the second LTRP entry and the usage syntax 
element of the equivalent LTRP entry indicate whether 
reference pictures are used for reference by the current 
picture. 

20. The video decoding device of claim 12, wherein the 
slice header includes a first LTRP entry indicating that a 
particular reference picture is in a long term reference 
picture set of the current picture and includes a second LTRP 
entry only if the second LTRP entry does not indicate that 
the particular reference picture is in the long-term reference 
picture set of the current picture. 
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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 RefPieSetLtCurr 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 
RefPieSetLtCurr and the RefPicSetLtFoll from 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, RefPieSetLtCurr and RefPicSetLtFoll, 
reference pictures in RefPieSetLtCurr 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 of a first syntax 
element and a second syntax element, the first syntax 
element indicating least significant bits of a Picture 
Order Count (POC) value of a respective LTRP of 
the LTRPs, the second syntax element indicating 
whether the respective LTRP is used for reference by 
the current picture, and 

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

means for storing one or more of the reference pictures in 
a decoded picture buffer, the one or more reference 
pictures comprising video blocks; 

means for perfonning, 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, RefPieSetLtCurr and RefPicSetLtFoll, 
reference pictures in RefPieSetLtCurr and RefPic­
SetLtFoll being long term reference pictures 
(LTRPs); 

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

each respective LTRP entry of the set of one or more 
LTRP entries is a tuple consisting of a first syntax 
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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: RefPicSetStCurrBefore, RefPicSetSt­
CurrAfter, RefPicSetStFoll, RefPieSetLtCurr and 
RefPicSetLtFoll, reference pictures in RefPieSetLt­
Curr and RefPicSetLtFoll 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 first 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 LTRP of 
the LTRPs, the second syntax element indicating 
whether the respective LTRP is used for reference by 
the current picture, and 

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

outputting the encoded video data. 
28. The method of claim 27, wherein: 
the method further comprises generating 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 

signaling the set of one or more LTRP entries in the slice 
header comprises including, in the slice header, tin 
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 LTRP entry is a first LTRP entry, 
the SPS includes the first LTRP entry and a second LTRP 

entry; and 
signaling the set of one or more LTRP 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 set 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 LTRP 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 slice header does not 
already include a copy of the index to the respective LTRP 
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 LTRP entry if the slice header 
includes an index to an equivalent LTRP entry in the SPS, 
wherein the second LTRP entry includes a least-significant 
bits (LSB) syntax element and a usage syntax element, and 
the equivalent LTRP entry includes a LSB syntax element 
that matches the LSB syntax element of the second LTRP 
entry and the equivalent LTRP entry includes a usage syntax 
element that matches the usage syntax element of the second 
LTRP entry, wherein the LSB syntax element of the second 
LTRP entry and the LSB syntax element of the equivalent 
LTRP entry indicate LSBs of picture order count (POC) 
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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 LTRP 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 is 
in compliance with a restriction that prohibits the slice 
header from including two LTRP entries that indicate ref­
erence pictures having the same POC value. 

39. The method of claim 27, wherein the slice header is 
in compliance with a restriction that prohibits the RefPie­
SetLtCurr from including two reference pictures with the 
same POC value, a restriction that prohibits the RefPic­
SetLtFoll from including two reference pictures with the 
same POC value, and a restriction that prohibits the Ref­
PieSetLtCurr and the RefPicSetLtFoll 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, RefPieSetLt­
Curr and RefPicSetLtFoll, reference pictures in 
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RefPieSetLtCurr and RefPicSetLtFoll being long 
term reference pictures (LTRPs), 

as part of encoding the video 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) entries, 

each respective LTRP 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 PicUire 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 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 LTRP entry is 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 is a first LTRP entry, 
the SPS includes the first LTRP entry and a second LTRP 

entry; and 
the one or more processors are configured to include, in 

the slice header, an index to the second LTRP entry 
only if the second LTRP entry does not indicate that the 
particular reference picture is in a long-term reference 
picture set of the current picture. 

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 LTRP 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 LTRP 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 LTRP entry is a first LTRP entry and the one or 
more processors are configured to generate the slice header 
such that the slice header is in compliance with a restriction 
that prohibits the slice header from including a second LTRP 
entry if the slice header includes an index to an equivalent 
LTRP entry in the SPS, wherein the second LTRP entry 
includes a least-significant bits (LSB) syntax element and a 
usage syntax element, and the equivalent LTRP entry 
includes a LSB syntax element that matches the LSB syntax 
element of the second LTRP entry and the equivalent LTRP 
entry includes a usage syntax element that matches the usage 
syntax element of the second LTRP entry, wherein the LSB 
syntax element of the second LTRP entry and the LSB 
syntax element of the equivalent LTRP entry indicate LSBs 
of picture order count (POC) values, wherein the usage 
syntax element of the second LTRP entry and the usage 
syntax element of the equivalent LTRP entry indicate 
whether reference pictures are used for reference by the 
current picture. 

50. The video encoding device of claim 40, wherein the 
one or more processors are configured to: 

signal, 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 

signal, 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. 

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 is in compliance with a restriction that prohibits 
the RefPieSetLtCurr 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 
RefPieSetLtCurr 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, RefPieSetLtCurr and 
RefPicSetLtFoll, reference pictures in RefPieSetLt­
Curr and RefPicSetLtFoll being long term reference 
pictures (LTRPs), 

the means for encoding the video data comprises means 
for 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 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 
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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 
to: 

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, RefPieSetLtCurr and 
RefPicSetLtFoll, reference pictures in RefPieSetLt­
Curr and RefPicSetLtFoll being long term reference 
pictures (LTRPs), 

as part of configuring the video encoding device to 
encode the video data, the instructions configure the 
video encoding device to signal, 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 first syntax 
element and a second syntax element, the first syntax 
element indicating least significant bits of a Picture 
Order Count (POC) value of a respective LTRP of 
the LTRPs, the second syntax element indicating 
whether the respective LTRP is used for reference by 
the current picture, and 

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

output the encoded video data. 


