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Coding Concept Allowing Parallel Processing, Transport Demultiplexer and Video
Bitstream

Description

The present invention is concerned with coding eptgallowing parallel processing such
as in the evolving HEVC, a transport demultipleaied a video bitstream.

Parallelization of encoder and decoder is very irgmt due to the increased processing
requirements by the HEVC standard as well as by dkpected increase of video

resolution. Multi-core architectures are becomimgilable in a wide range of modern

electronic devices. Consequently, efficient methtmlsenable the use of multiple-core

architectures are required.

Encoding or decoding of LCUs occurs in raster stgwhich the CABAC probabilities
are adapted to the specificities of each imageti@pmependencies exist between adjacent
LCUs. Each LCU depends on its left, above, aboftealed above-right neighbor LCUs,
because of different components, for instance, anetector, prediction, intra-prediction
and others. In order to enable parallelization @étatling, these dependencies typically
need to be interrupted or are interrupted in sbétigre-art applications.

Some concepts of parallelization, namely wavefianoicessing using entropy slices [3],
wavefront parallel processing (WPP) operationsgisimbstreams [2] [4], [11], or tiles [5]
have been proposed. The latter one does not nedtgsseed to be combined with
wavefront processing for allowing parallelizatiandacoder or encoder. From this point of
view, tiles are similar to WPP substreams. Ouiahiotivator for the further study of the
entropy slice concept is to perform techniquesctviower the coding efficiency loss and
thus reduce the burden on the bitstream for péirteon approaches in encoder and
decoder.

In order to provide a better understanding, inipaldr of the use of LCUs, one may first
have a look at the structure of H.264/AVC [1].

A coded video sequence in H.264/AVC consists aesesf access units that are collected
in the NAL unit stream and they use only one segeeparameter set. Each video
sequence can be decoded independently. A codedrsaguonsists of a sequence of coded
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pictures. A coded frame can be an entire framesingle field. Each picture is partitioned
into fixed-size macroblocks (in HEVC [5]: LCUs). \&&al macroblocks or LCUs can be
merged together into one slice. A picture is thamefa collection of one or more slices.
The goal of this data separation is to allow inaej@mt decoding of the samples in the area
of the picture, which is represented by the skagout the use of data from other slices.

A technique that is often referred to as “entroliges” [3] is a splitting of the traditional
slice into additional sub-slices. Specifically,niieans slicing of entropy coded data of a
single slice. The arrangement of entropy slicea gtice may have different varieties. The
simplest one is to use each row of LCUs/macroblanoka frame as one entropy slice.
Alternative, columns or separate regions can deedi as entropy slices, which even can
be interrupted and toggled with each other, eige 4l in Fig. 1.

An obvious aim of the entropy slice concept isrtialde the use of parallel CPU/GPU and
multi-core architectures in order to improve thediof the decoding process, i.e. to speed-
up the process. The current slice can be dividéd partitions that can be parsed and
reconstructed without reference to other slice.dalthough a couple of advantages can be
achieved with the entropy slice approach, therebgrging some penalties.

The entropy slice concept has been further extetwldte substream wavefront processing
(WPP) as proposed in [2], [10], [11] and patrtialiyegrated into [5]. Here a repetition
scheme of substreams is defined. Which do havenanoved entropy state initialization
per line compared to entropy slices.

The tile concept allows for separation of the pietinformation to be coded, while each

title having its own raster scan order. A tile efided by a common structure, which is

repeated in the frame. A tile may also have a cedalumn width and line height in terms

of LCUs or CUs. Titles can be also independentiyoeled and may also encoded in a way
that they do not require joint processing with ottiees, such that decoder threads can
process tiles of an Access Unit fully or at least $ome coding operation steps in an
independent way, i.e. entropy coding and transfooding.

Therefore a tile greatly allows to run tile encadas well as decoders fully or partially
independent in a parallel way up, in the latteecasg. u to the filtering stage of the HEVC
codec.

In order to make full usage of the parallelizatiechniques in the capturing, encoding,
transmission, decoding and presentation chainvideo communication system, or similar
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systems, the transport and access of the data &etilve communication participants is an
important and time consuming step for the whole-terend delay injection. This is
especially a problem, if using parallelization teicjues, such as tiles, substreams or
entropy slices.

The data approaches of WPP substreams imply tleatdded data of the partitions, if
processed, do not have data locality, i.e. a sitiglsad decoding the Access Unit, needs to
jump over potentially big memory portions in order access data of the next WPP
substream line. A multi-threaded decoding systesdrie wait for transmission on certain
data, i.e. WPP substreams, in order to work inllg parallelized way, so that exploiting
the wavefront processing.

In video-streaming, enabling of higher resolutidisil-HD, QUAD-HD etc.) leads to
higher amount of data that has to be transmitted.tife-sensitive scenarios, so called
Low-Delay use-case, such as video conferencing §<i¥), or gaming applications,
(<40 ms) very low end-to-end delays are requireter&fore, the transmission time
becomes a critical factor. Consider the up-loa# i ADSL for a video conferencing
application. Here, so called random access poiragr@am, usually these refer to I-frames,
will be the candidates to cause a bottleneck durargsmission.

HEVC allows for so called Wavefront-processing al\as tile processing at the encoder
as well as decoder side. This is enabled by usatwbpy slices, WPP substreams, or even
combination of those. Parallel processing is alkowad by parallel tile encoding and
decoding.

In the “non-parallelization targeting” case, theadaf a whole slice would be delivered at
once, thus the last CU of the slices is accessiplthe decoder if it has been transmitted.
This is not a problem, if there is a single threhdecoder.

In the multi-threaded case, if multiple CPUs oresocan be used, the decoding process
would like, however, to start as soon as encodédl lakas arrived at Wavefront-decoder or
Tile-decoder threads.

Thus, it would be favorable to have concepts addhahich enable reducing the coding
delay in parallel processing environments with Esgere reductions in coding efficiency.
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Accordingly, it is an object of the present inventito provide a coding concept, a
transport demultiplexing concept and a video latatn which enables such more efficient,
low delay coding in parallel processing environmnsent

This object is achieved by the subject matter efdttached independent claims.

In accordance with a first aspect of the preseptiegtion, a raw byte sequence payload
describing a picture in slices, WPP substreamsles &and coded using context-adaptive
binary arithmetic coding is subdivided or choppedoitranches with continuing the
context-adaptive binary arithmetic coding probapiliadaptation across tranche
boundaries. By this measure, tranche boundariegi@ually introduced within slices,
WPP substreams or tiles do not lead to a reduatitime entropy coding efficiency of these
elements. On the other hand, however, the tranafeesmaller than the original slices,
WPP substreams or tiles and accordingly they maydrmsmitted earlier, i.e. with lower
delay, than the un-chopped original entities,sliees, WPP substreams or tiles.

In accordance with another aspect, which is contidénavith the first aspect, substream
marker NAL units are used within a sequence of Niits of a video bitstream in order to
enable a transport demultiplexer to assign dataslimies within NAL units to the
corresponding substreams or tiles so as to betabl@a parallel, serve a multi-threaded
decoder with the corresponding substreams or tiles.

Advantageous implementations are the subject oflépendent claims. Further, preferred
embodiments of the present invention are explainetiore detail below with respect to
the figures, among which

Fig. 1 shows a schematic illustrating the possiblapounds of entropy slices;
Fig. 2 shows a schematic illustrating three tipsead over three slices;
Fig. 3 shows a schematic illustrating an interlegvexample of trances of a four

variable length tranche cyclic interleaving scheme

Fig. 4 shows a schematic illustrating an encodgeagmentation, interleaving and
decoding of entropy slice data,;

Fig. 5 shows a schematic illustrating an interlagvexample of trances of four
variable length tranche cyclic interleaving scheosng always marker
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codes and spreading of actual slice data over phIltNAL units. The
marker codes are used, even if the partition is present. This can be
further enhanced using a tranche identifier, follgythe maker, indicating
the tranche number. This obsoletes the need oirsgadmarker always, as
required for the cyclic mode.

shows a table of pseudocode illustrating-Nit syntax

shows a table of pseudocode illustratisg@uence parameter set syntax

shows a table of pseudocode illustratingoav IDelay Slice layer RBSP
syntax;

shows a table of pseudocode illustratisjice header syntax

shows a table of pseudocode illustratiggibstream marker syntax

shows a schematic illustrating an examplea Simple encapsulation of
entropy slice data. (AF is the MPEG-2 TS Adapticeid;

shows a schematic illustrating another edamfor a Single ES
encapsulation of entropy slice data;

shows a schematic illustrating another epanfor a Packed Multi-ES
encapsulation of entropy slice data;

shows a schematic block diagram showingandport demultiplexer for
single ES; and

shows a schematic block diagram showingandport demultiplexer for
multi-ES.

shows a schematic block diagram showingrenoder;

shows a schematic block diagram showidgader;

shows a flow chart of steps performed &godier; and
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Fig. 19 shows a schematic illustrating an exammierfulti-ES using RTP.

In order to reduce the time, at which a paralleladier thread can start and finish its data
of a frame, the below embodiments use a segmentaifothe data, structured for
parallelization, such as data of one or more tilegata of one or more WPP substreams
into smalltranches by alow delay interleaving approach.

Hence the encoder can deliver data, correspondeatparticular set of LCUs or at least
byte aligned part of a substream or tile or pdr&sdof in form of a tranche to the decoder
via the transmission path from encoder to decoder.

Since the tranches are smaller than the full WRRtseam or tile, and/or may be adapted
to the actual maximum transfer unit (MTU) of thansmission path, so that tranches of
multiple WPP substreams or tiles can be arrangedtmansfer unit between encoder and
decoder, before finalization of the complete aceess decoding at the decode side, can
be started significantly earlier than if using guential transmission of the complete WPP
substreams or tiles of an Access Unit.

This obviously results in faster transmission a tranches and earlier start of a parallel
decoding process at the decoder. The approach enalgb applied over frame boundaries,
in case, if the following frame's slice(s) or eiplycslice(s) can be already decoded, e.g. in
wavefront manner, based on the knowledge thatdfaeimred information for decoding an
entropy slice of a following frame due to the azhility of inter-frame references. Those
already decodable data of a frame succeeding iaditeg order may be derived from the
maximum allowed/signaled motion vector length odidnal information in the stream
indicating the dependencies of data parts to teeqating frame(s)), or a fixed referencing
scheme, indicating the position used signaled isequence-fixed position such as a
parameter set.

A picture may be encoded with one entropy slicelaeyest coding unit (LCU)-row(s), or
using WPP substream, or even a combination as dPe $ubstream per row which may
be further contained in a separate Entropy SliceehSdata structures are necessary for
making use of the Wavefront processing techniqugeabder side. Or Tiles may be used
to allow parallel processing.

During the encoding process, bitstream of eacle stiontaining data of WPP streams or
tiles, may be divided intéranches of variable size in order to match the maximum
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transfer unit size, between encoder and decoder. Then the resuhaches are
interleaved and can be passed to the transmission and pupaatets of MTU size.

In order to allow grocessing at the decoder side, before or after each tranche, a marker
code may be inserted. An appropriate marker codeld/C may be “0x00 00 02", which
would even pass the start code emulation prevenkifiar reception of a packet including
multiple tranches, the receiver or decoder caneptirs actual contained bitstream during
the start code emulation prevention process in order to not require an additionalipgrs
step. There may be , for example, two modes farctra identification. There may be
always a cyclic arrangement of the tranches, starfrom tranche with tranche_id
(tranche identifier) equal to 1 to tranche withnthe id equal to n. This may safe
signaling data to the second general method. Aerrative method may be a specific
header following the marker, indicating the trandbee.g. as an 8 bit value.

The de-interleaving of the interleaved tranche data may be applied based on the
knowledge of number of tranches per packet, whiely be a NAL unit packet. Therefore,
there may be additionally mapping of WPP substreams or tiles to tranches. This
mapping may be implicitly derived from the numbétites/number of WPP substreams,
or may be signaled directly in the SPS. The map@ngiportant for the de-interleaving
process, so that data of certain WPP substreaniie®can be identified and served to the
wavefront or parallel decoder thread in charge exfodling the WPP substream or tile in
question.

In order to inform the decoder on using the inearieg scheme for low delay
encapsulation, there may béow_delay flag in the NAL unit header.

Another mode may be imterleaving and de-interleaving on thetransport layer, i.e.
outside the decoding process maybe in the RTPI[g[1B8]or MPEG-2 Transport Stream
[7] layer:

Therefore, a header may be put in front of the padkdicating the presence of a tranche
by a flag including a size information in bytes peesent tranche. Since the transport layer
is decoupled from the decoding process, there neapdoneed for integrating a marker

code, since additional information of the transpeyer need to be removed anyway before
passing those data to the decoder. The transpget en also reorders the data for

bitstream delivery to the decoder.
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A variable length header, may be used on an extiéiptexing layer. This multiplexing
layer may be also part of the codec and may bedaoted before the actual Raw Byte
Sequence Data (RBSP) access in the decoder. Oderh&zheme can be found in Fig. 3.
But there may be also a header directly in froneath tranche indicating the length as
well as its indicator. Where there is still need mépping the indicator to bitstream
structures as already stated above.

The tranche size may be also of constant size xebytes per tranche. This results in a
simple multiplexing scheme, such as shown in Fig. 4

The constant size of segments can bring a probletheaend of bitstream due to its
variable length.

There are two general solutions possible. First @n@ generation of cyclic x-byte

segments (usually the bitstream representationicd s byte-aligned) and controlling of

consuming of bytes by each decoder-engine, i.edé¢lseder finds out the completion of an
entropy slice or including a marker code.

The second method is the signaling tranche lengthignches are of variable length in a
header as shown in the figure.

The size of segment and interleaving mode candrakdd either in one SEI-Message or in
SPS.

The transmission scheme is shown in Fig. 4.

Another interesting method is using of finalizingdes or marker codes at the end of the
set of tranches in the packet, such as NAL or ghaeket. In this case, variable length
segments are possible, thus a full parsing of ttséréam is required. In order to limit the
memory access here, this additional parsing prdoeshe multiplexing may be combined
with the start code emulation prevention parsieguired as first step before accessing the
RBSP data contained in an NAL unit. Such a markkesie is shown in Fig. 5.

The idea is here is to split in an interleaving mem a higher level structure, such as an
actual slice, entropy slice or similar, into itsnt@ined lower level data structure, such as
WPP substreams or tiles, while interleaving theadato tranches. These tranches, each
belonging to a lower level structure, e.g. a spedPP substream or a tile, are interleaved
in an low delay packet, which may be a specific Nétit, a NAL unit with additional
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signaling by a low delay interleaving flag or evarslice or light weighted slice header
indicating the low delay interleaving approach bylamy or the slice type, as shown for
“NAL unit #1” in the figure, thus the decoder iFarmed to apply a reordering function
for a “single” threaded decoder, that is using gusatial processing of the tranches in the
original/de-interleaved order in the decoder. Idesrto split the data of an actual slice as
interleaved tranches over multiple packets in orttergain the low delay feature, a
transport layer may fragment the NAL unit contagnihe low delay interleaved data to
networks packets of maximum MTU size. The fragmtoraof the actual slice data into
multiple NAL units may be also directly applied the coding layer, thus there is a need to
signal such type of NAL unit containing the conttion of a slice, as show in Fig. 5 for
“NAL unit #2”. In order to detect the finalizatioof interleaved data in multiple packets,
such as NAL units. There may be the need of a Bpdaialization code as also shown for
“NAL unit #2” in the figure or a flag which indicas the completion in the slice or NAL
header.

In case of losing of the NAL packets, there is asweed of detecting losses. This may be
applied by additional information in the headeg. ¢he light-weighted slice header, such
as the first MBs of the contained tranches, or amilya specific tranche #1. Having
information such as the offsets for the WPP subsiszor the actual size of the tranche,
someone may also use these size values (offsets/fiua specific WPP substream or tile)
in order to do a sanity check after receiving t_Ninit with the finalization code and the
preceding NAL units.

That is, as described, the tranches may be paeketiwo packets 300 in manner so that
each packet 300 comprises one tranche T# of eadh SMPstream or tile of the picture, or
a subset of the WPP substreams or tiles of thengi¢because, for example, a certain WPP
substream or tile has already been completely gama/by way of the preceding packets),
arranged in an order # defined among the WPP sa#st or tiles, each packet comprising
a header 302 comprising information revealing tbsitppns and/or lengths of the tranches
T# packed into the respective packet 300, or marBe# separating the tranches T# within
the respective packet 300 from each other, whehsrdecoder may be configured to, in
receiving the raw byte sequence payload, use tltoenmiation comprised by the headers
302 or the markers 304 so as to access the tramdties the packets. The packets 300a
which comprise first — in accordance with the ordefined among the WPP subtreams or
tiles - tranches of the WPP subtreams or tileshefgicture, may comprise a low delay
feature indicator 306, and packets 300b comprisg@pnd or subsequent — in accordance
with the order defined among the WPP subtreamsles t tranches T# of the WPP
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subtreams or tiles of the picture, may compris@rtiouation indicator 308. The packets
300 may be NAL units or slices

In the following, an example for signaling syntardasemantics for the low delay
interleaving into tranches is provided.

Nevertheless, the splitting of tranche data, suctaa of a WPP substream or a tile, may
be also applied on slice level or below, as stateale.

Now, an approach is shown, which can be combingti Wie parsing for start code
emulation prevention in order to reduce additiopabcessing steps. Therefore, an
interleaving is applied at RBSP level of the HEM&tlec.

A tranche may be seen as splitting RBSP data ettias to be interleaved in the NAL
unit payload section for low delay data access. fihalization of a tranche may be
indicated by the code 0x000002 and may be followgdan 8bit tranche identifier
tranche_id. The tranches may be interleaved incliccynanner, so that the tranche end
code is not followed by the tranche_id, which igiititly derived. Rbsp data in a single
tranche correspond either to data of a tile, daia substream, data of slice or data of an
entropy slice.

In the NAL unit syntax, two modes may be allowed foe low delay interleaving as
indicated by the “low delay encapsulation_flag'attis cyclic arrangement of the tranches
as well as an indication of the tranche via an taatthl identifier “tranche_id” following
the marker coder via a flag such as the “low dehgglic_flag” in the NAL unit header.
These two flags may be also present in the Sequeai@neter Sets, or even the APS. For
the cyclic tranche arrangements, there may bethkglineed for knowing the number of
tranches during the parsing, such as provideddarstS as “num_low_delay_tranches”.

In the NAL unit the interleaved “LD_rbsp_byte”s aead by the parser an reorder to the
actual, sequential RBSP order in the last for-lwoghe NAL syntax:

for (i= 0, i++, i <num_low_delay_tranches){
for (j= 0, j++, j < NumBytesInRBSPIi] ){
rbsp_byte[ NumBytesInRBSP+-+=]LD_rbsp_bytel[j][i]



10

15

20

25

30

35

11

There may be also an explicit signaling in the ®IP$he APS for a fixed size of cyclic

arranged tranches as indicated in the “low_delayctie _lenght_minusl1”. The latter has
not been used in the NAL unit syntax example, lutstraight forward if having a

packetization as shown in Fig. 4 in mind. In theNdnit syntax of Fig. 6 a packetization
as shown in Fig. 5 and discussed above was the.basi

In order to allow this interleaving feature of tctwes over multiple packets, such as slices
and/or NAL units, there may be a requirement fagl@al buffer, such as the array of
LD_rbsp_byte for the tranches, in order to have repeated adoeR8SP data of already
received NAL units.

In order to allow error resilience, after receiviadinalization code, or if the sum of the
number of received bytes for a tranche is equ#théotranche size, which may be derived
from the offset values as provided for the contaittanche data, e.g. from data concerning
the respective WPP substream or tile which thectrann question is part of.

An important requirement for WPP substreams arranigénterleaved low delay tranches
is that by a tranche n+1 only data from tranche accessed, which is already provided in
tranche n and already stored or available at toedks.

Low Delay Slice layer RBSP syntax for re-orderirggidterleaving on slice level could be

designed as follows. In particular, the syntax $than that case have almost the same
behavior as on the NAL unit layer, but the re-omfgihas to be defined on the slice level.
Fig. 8 shows the Low Delay Slice layer RBSP syntax.

In case of using the slice header for packetizirggihterleaved tranches, there may be the
requirement to indicate at codec level, if recajvan new slice, not to reset the CABAC
state, since the entropy coding of tranches of, agWPP substream, should not be
interrupted. Not to reset the CABAC in a slicenidicated as “no_cabac_reset_flag” in the
slice header. The slice header shown is suitableldar delay slices, thus also the
entropy_slice features should be present. A cooredipg slice header syntax is shown in
Fig. 9.

The transport layer enables optimization of theedcling of data forwarded to the decoder
unit(s) based on the fact if a number of substrédestranches (on transport layer, we
assume an abstract entity that can be representadibstream, a tile, part of a substream
or tile, or a part of the bitstream which has ailsimfunction, i.e. it allows parallel
decoding or gradual decoder refresh) in the cotiiggr can be processed independently of
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each other. One possibility is to start sendingdin@s in parallel to several decoding units
with minimum delay. The bitstream consists of ausege of NAL units which are the
smallest items that can be handled individuallytlos transport layer. Consequently, the
following methods of handling on the transport layeare based on
substreams/tiles/tranches which are containedgaraée slice or entropy slice NAL units.

The transport layer should also optimize decoddopmance and error resilience based on
the fact if the coding layer uses gradual decodéesh. One option is to drop irrelevant
parts of the bitstream if previous parts of thestblam have not been received correctly,
e.g. due to transmission errors, or have not beeeived at all, e.g. due to a switch
between transport channels.

In order to allow for such exploitation/optimizatiodifferent information is signaled on
the transport layer.

General side information is signaled using desorgot

— The number of substreams/tiles, where "1" mearistliese is only one stream/tile
which contains the whole video frame

- Information common to all substreamsltiles, e.galifsubstreams/tiles are of the
same size or the buffer requirements are the same

- Individual information about each substream/tilg. & the substreams/tiles are of
different size or their buffer requirements differ

— The number of gradual decoder refresh steps, whé&means that gradual decoder
refresh is not used

- A flag indicating whether these substreams/tildswalfor low delay parallel
processing

If the number of substreams/tiles > 1, syntax el@sare inserted in the stream before
each data block that contains a certain substréanThese syntax elements follow the
NAL unit syntax, but use a unique NAL unit type wainis not used by the coding layer
(e.g. nal_unit_type = 0x19 or nal_unit_type=0xJf)he following referred to as
substream markers.

These syntax elements are used as markers andrdanmation about the data block that
follows, at least a data field which identifies thestream/tile.

If the number of gradual decoder refresh stepsthelke syntax elements also carry a flag
which indicates whether the substream/tile is inbded (allows gradual decoder refresh).
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A corresponding syntax is shown in Fig. 10. Théofeing constraints could apply:

forbidden_zero_bit shall be equal to O.

nal_ref flag shall be equal to 0.

nal_unit_type shall be equal to 0x19.

substream_ID : counter value starting with O for the first slithat belongs to a picture,
incremented by each further slice or entropy dlied belongs to the same picture.

is intra: if ‘1’, the following NAL unit contains an intraoded slice or intra coded
entropy slice.

A method for the encapsulation of the video streéara transport multiplex is shown in
Fig. 11 where each slice or entropy slice is transporgghsately in an integer number of
transport stream packets. If the size of the payldees not exactly match the available
bytes in the fixed-sized TS packets, the last Té&kgiacontains an adaptation field.

It should be noted that a similar behavior of MPEQ+ansport Stream’s Elementary
Stream can be also provided by an RTP Session dRTdh stream of the Real-time
Transport Protocol as illustrated in Fig. 19. INnAR[B], an RTP Stream (identified by the
media type and payload type as indicated in the fl2P may be contained in its own
RTP session, where an RTP Session is identifieth®y(IP) network address, the (UDP)
port as well the source identifier (SSRC). A meskgsion as indicated in the SDP may
contain multiple RTP sessions, each containing feerdnt media type. But it is also
possible to transport the same media stream (ago)in different RTP streams, where
the RTP streams may be contained in the same R3$fore(analogous to 1. below) or
may be contained in their own RTP sessions (ana®dgo 2. below). Fig. 19 illustrates
case 2.

RTP payload formats [9] [13] have a decoding omember (DON), which allows to
recover the decoding order of NAL units at the n@ein case they are intentionally
transmitted out of decoding order for error resitie purposes as described in [9][13]. The
additional markers MKR are, therefore, not necgsdarcase of transporting tranches of
WPP substreams or Tiles in the order when thep@ceming available from the encoding
processes, the DON may be also used to recoveddbeding order of tranches before
providing them to a single decoder. But in thisecaan additional delay would be
introduced at the decoder due to the separateteideaving process before the decoding
process. The system described in here can protielencoded tranches directly to the
decoding processes of the different WPP substreariides while the data is arriving at
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the receiver. The identification of the tranchesoasted with a WPP substream or Tile
may be derived by the slice address in the sligensat header of the slice segment and
the transmission order of the packets as indichyetthe RTP sequence number in the RTP
header. In this scenario, the DON is used onlyomkward compatibility, i.e. for decoders

not providing the enhanced capability of decodirapm¢hes of WPP substreams or Tiles
sent out of decoding order when they arrive. Thedsgy of tranche data out of decoding

order is just applied with respect to WPP substraach Tiles level, i.e. in the transmitted

data, the tranches of a single WPP substream eraré transmitted in decoding order,

where the data of the different WPP substreamsles i& interleaved.

There are two possible options:

1. All slices and entropy slices are contained inshee elementary stream, i.e. the
same PID is assigned to all TS packets of thatoveteeam; in the following text
this method is referred to single ES encapsulation.

2. Different PIDs are assigned to slices and entroliges of the same video
bitstream; in the following text this method iseetd to multi-ES encapsulation.

Fig. 11 is valid for both options if the first opti is regarded a special case of the more
general structure by setting the same PID for &ll E

A more efficient way for the encapsulation in agenES is shown in Fig. 12. Here, at
most one adaptation field per picture is needed.

A more efficient way for the encapsulation in a tiplé ES is shown in Fig. 13. Here,
adaptation fields are avoided; instead, anothee sé.g. the collocated tile of the following
picture, starts immediately in the same transpoebsn packet.

A possible structure of the transport demultiplefarthe encapsulation with one single
elementary stream (ES) targeting a multi-threadecbder is shown in Fig. 14. Entropy
Slice in the figure may contain data of a spedM¥EP substream or tile.

The Transport Buffer (TB) collects the data thabbg to a transport packet and forwards
that to the Multiplex Buffer (MB). At the output d¥IB, the NAL unit headers are
evaluated and substream markers are dropped, Wiglelata carried in the substream
marker is stored. The data of each slice or entsbipg is stored in a separate Slice Buffer
(SB) from where it is pulled by a multi-threadedcoder once a decoder thread is
available.
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A possible structure of the transport demultiplef@r the encapsulation with multiple
elementary streams targeting a multi-threaded ddsdshown in Fig. 15.

The above outlined concepts are described agaowbiel other words. The description
below is, therefore, combinable with additionaladlstof above description individually.

Fig. 16 shows a general structure of an encodac@ordance with an embodiment of the
present application. The encoder 10 could be imeteged to be able to operate in a multi-
threaded way or not, i.e. merely single-threadddhtTs, encoder 10 could, for example, be
implemented using multiple CPU kernels. In otherdso the encoder 10 could support
parallel processing, but it does not have to. Tdairgg concept of the present application
enables parallel processing encoders to efficieapply parallel processing without,
however, compromising the compression efficiencythkegard to the parallel processing
ability, similar statements are valid for the demgdwhich is described later on with
respect to Fig. 17.

The encoder 10 is a video encoder, but in genbealkehcoder 10 may also be a picture
encoder. A picture 12 of a video 14 is shown asramg encoder 10 at an input 16.

The encoder 10 is a hybrid encoder, i.e. pictureslZredicted at a predictor 18 and the
prediction residual 20 as obtained by a residu&étrdgner 22, such as a subtractor, is
subject to a transform, such as a spectral decatiggosuch as a DCT, and a quantization
in a transform/quantization module 24. A quantizesidual 26 thus obtained is subject to
entropy coding in an entropy coder 28, namely cdraeaptive binary arithmetic coding.
The reconstructible version of the residual aslalbe for the decoder, i.e. the dequantized
and retransformed residual signal 30, is recovédngd retransform and requantization
module 31, and combined with the prediction sigdlof predictor 18 by combiner 33,
thereby resulting in a reconstruction 34 of pictlfe However, encoder 10 operates on a
block basis. Accordingly, reconstructed signal 3dfess from discontinuities at block
boundaries and accordingly, a filter 36 may be iedpto the reconstructed signal 34 in
order to yield a reference picture 38 on the basdiswhich predictor 18 predicts
subsequently encoded pictures. As shown by dashed in Fig. 16, predictor 18 may,
however, also exploit the reconstructed signal 3rectly without filter 36 or an
intermediate version. In the case of picture codiiitgr 36 may be left away.

The predictor 18 may choose among different premfianodes in order to predict certain
blocks of picture 12. There may be a temporal ptexi mode according to which a block
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is predicted on the basis of previously coded pastua spatial prediction mode according
to which a block is predicted on the basis of prasly coded blocks of the same picture,
inter-layer prediction modes according to whichi@ck of a picture showing the scene at a
higher layer, such as at higher spatial resolutiofrom a further view point, is predicted
on the basis of a corresponding picture showing fitene at a lower layer, such as at
lower spatial resolution or from another view point

A certain syntax is used in order to compile thargized residual data 26, i.e. transform
coefficient levels and other residual data, as wselthe coding mode data including, for
example, the prediction modes and prediction paremndor the individual blocks of the
picture 12 as determined by the predictor 18 amseahsyntax elements are subject to
entropy coding by entropy coder 28. The thus obthidata stream as output by entropy
coder 28 is called a raw byte sequence payload 40.

The elements of the encoder 10 of Fig. 16 aredonterected as shown in Fig. 16.

Fig. 17 shows a decoder which fits to the encodl&ig 16, i.e. is able to decoder the raw
byte sequence payload. The decoder of Fig. 17nsrg8y indicated by reference sign 50
and comprises an entropy decoder 52, a retransleqquAntizing module 54, a combiner
56, a filter 58 and a predictor 60. The entropyadiec 42 receives the raw byte sequence
payload 40 and performs entropy decoding using esttaidaptive binary arithmetic
decoding in order to recover the residual signala6@ the coding parameters 64. The
retransform/dequantizing module 54 dequantizesraemdnsforms the residual data 62 and
forwards the residual signal thus obtained to coxbb6. Combiner 56 also receives a
prediction signal 66 from predictor 60 which, inrtuforms the prediction signal 66 using
the coding parameters 64 on the basis of the récmtsd signal 68 determined by
combiner 56 by combining the prediction signal @@ #he residual signal 65. As already
explained above with respect to Fig. 16, the ptedi80 may use the filtered version of the
reconstructed signal 68 or some intermediate vergiereof, alternatively or additionally.
The picture to be finally reproduced and outputwput 70 of decoder 50 may likewise be
determined on an unfiltered version of combinatgagnal 68 or some filtered version
thereof.

In accordance with the tile concept, picture 1Zubdivided into tiles and at least the
predictions of blocks within these tiles are resét to use, as a basis for spatial prediction,
merely data relating to the same tile. By this measat least the prediction may be
performed for each tile individually in paralleloillustrative purposes only, Fig. 16
illustrates picture 12 as being subdivided intoenites. The subdivision of each tile into
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nine blocks as shown in Fig. 16 also merely seagean example. Further, for the sake of
completeness, it is noted that the way of codirgtilles separately may not be restricted to
spatial prediction (intra prediction). Rather, apsediction of coding parameters of a
respective tile across the tile’s boundaries andd®pendency of context selection in the
entropy coding of a respective tile across the aetdyge tile’s boundaries may also be
prohibited so as to be restricted to be dependeiytan data of the same tile. Thus, the
decoder is able to perform the just mentioned ders in parallel, namely in units of
tiles.

In order to be transmitted via some transmissicanokl, the syntax elements have to be
entropy coded slice-wise by entropy coder 28. Tie &nd, entropy coder 28 scans the
blocks of the tiles with traversing the blocks ofirat tile first, then proceeding with the
blocks of the next tile in tile order and so forfraster scan order may, for example, be
used in order to scan the blocks within tiles anel tiles, respectively. Slices are then
packed into NAL units which are the smallest uriiis transmission. Before entropy
coding a slice, entropy coder 28 initializes its EC probabilities, i.e. the probabilities
used to arithmetically code the syntax elemenhaf slice. The entropy decoder 52 does
the same, i.e. initializes its probabilities atslbeginnings. Each initialization, however,
negatively affects the entropy coding efficiencgicg the probabilities are continuously
adapted to the actual symbol probability statistitthe various contexts and accordingly
resetting the CABAC probabilities represents a aliwn from an adapted state. As known
to a man skilled in the art, entropy coding leanlsah optimal compression only if the
probabilities fit the actual symbol probability Sséics.

Accordingly, a decoder, in accordance with an enrhedt of the present application,
operates as shown in Fig. 18. The decoder recaivatep 80 the Raw Byte sequence
payload describing a picture 12 in tiles 82, imttzes of tiles. In Fig. 18, the first tile 82 in
tile order 84 is exemplarily shown to be choppedlit into two tranches 86a and 86b,
each exemplarily covering a sub-sequence of theeseg of blocks within that tile. Then,
in step 82, the tranches 86a and 86b are entropyded. However, in entropy decoding
the tranches 86a and 86b, CABAC probability adaptats continued across tranche
boundaries. That is, during decoding tranche 8&® CABAC probabilities are
continuously adapted to the actual symbol staisticd the state at the end of entropy
decoding tranche 86a is adapted in starting entdgeypding tranche 86b. In step 90, the
Raw Byte sequence payload, thus entropy decoddécizded to obtain the picture 12.

Due to continuing CABAC probability adaptation azsdranche boundaries 92 positioned
in the inner of tiles 82, these tranche boundadesnot negatively affect the entropy
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coding efficiency beyond the sub-division of pi&ur2 into tiles 82. On the other hand, the
tile parallel processing is still possible. Beyahdt, it is possible to individually transmit
the tranches and, as the tranches are smallectmplete tiles 82, it is possible to start in
step 90 the decoding of each tile as soon as ittetfanche of the respective tile has been
received and entropy decoded.

The description of Figs. 16 to 18 primarily coneanthe usage of tiles. As described
above, tiles result from a spatial partitioning afpicture. Similar to tiles, slices also

spatially sub-divide a picture. Slices are, acauglyi, also a means for enabling parallel
encoding/decoding. Similar to tiles, prediction aadforth are prohibited so that slices are
individually decodable. Accordingly, the descriptiof Figs. 16 to 18 is also valid for

splitting-up slices into tranches.

The same applies when using WPP substreams. WRBrears also represent a spatial
partitioning of a picture 12, namely into WPP soéains. In contrast to tiles and slices,
WPP substreams do not impose restrictions ontagii@as and contact selections across
WPP substreams. WPP substreams extend along ldasksuch as LCU rows, as shown
in Fig. 4, and in order to enable parallel proagegsnerely one compromise is made in
relation to the CABAC entropy coding in order afirted among the WPP substreams (see
Fig. 4) 92 and for each WPP substreams 92, exaepthe first WPP substream, the
CABAC probabilities are not completely reset bubptgd, or set to be equal to, the
CABAC probabilities resulting after having entroggcoded the immediately preceding
WPP substream up to the second LCU 94 thereof, théhLCU order starting, for each
WPP substream, at the same side of the pictur@id? as the left-hand side as illustrated
in Fig. 4. Accordingly, by obeying some coding gelsetween the sequence of WPP
substream, these WPP substreams 92 are decodgialellel so that the portions at which
picture 12 is decoded in parallel, i.e., concutygriorms a kind of wave front 96 which
moves across the picture in a tilted manner frdirtderight.

That is, in transferring the description of Fig. 618 to WPP substreams, any WPP
substream 92 (Fig. 4) may also be sub-divided imémches 98a and 98b without
interrupting CABAC probability adaptation at theumolary 100 between these tranches
98a and 98b in the inner of the respective WPPtsedis 92, thereby avoiding penalties
with respect to entropy coding efficiency due te tindividual transmitability of both
tranches 98a and 98b but maintaining the abilityde wave front parallel processing and
enabling to start this wave front parallel procegsearlier since the tranches are smaller
than the complete WPP substreams 92.
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As described above with respect to Figs. 1 to iéret are several possibilities to transmit
tranches packetized into NAL units. Reference iglen@ Fig. 3 where tiles or substreams
or slices of such tranches or substreams have lspétiup into tranches in the
arithmetically coded domain with a header precedigrl" tranche of each substream or
tile and presenting information allowing localizingge tranche boundaries. Another
embodiment was the one presented in Fig. 9. Thheesub-division of tiles or WPP
substreams into tranches was done by slightly dhgrtbe slice structure: slices starting at
a tile or WPP substream boundary, i.e., startinghat beginning of a tile or WPP
substream, have the no_cabac_reset flag set to them@by causing the usual CABAC
probability initialization/reset. Slices, howevearrying tranches which begin in the inner
of a tile or WPP substream have the no_cabac_fesgtset to one, thereby causing the
afore-described continuation of the CABAC probaypididaptation.

As far as the de-interleaving is concerned, whaltes$ place in the reception step 80, for
each tranche it is determined as to which WPP sedost or tile the respective tranche
belongs to. Different possibilities have been desck above such as, for example, a
round-robin cycling through the number of WPP sidasts or tiles of a current picture.
Alternatively, in case of using slice headers &m$port the tranches, the slice headers may
comprise an indication allowing localizing the begng of the respective slice within the
current picture 12.

In this regard, it is noted that the decompositbthe slices, WPP substreams or tiles into
tranches is performed along a decoding order defiviehin each slice, WPP substream or
tile: that is, within each slice, WPP substreantile; the portion of the picture spatially
covered by the respective slice, WPP substreamtepis coded into, or decoded from, the
respective slice, WPP substream or tile in thatodiexy order, and each tranche of a
respective slice, WPP substream or tile coversndiramous portion of the respective slice,
WPP substream or tile along that decoding order.tiBy manner, an order is defined
among tranches belonging to the same slice, WPBtrealn or tile, namely the order of
coding/decoding, and each tranche has a rankniltait order. As the subdivision of the
picture into WPP substreams or tiles is signalethéodecoder, the decoder knows about
the subdivision. Accordingly, for associating eathnche with a respective WPP
substream or tile, for example, it would sufficeeiich tranche has a starting address
identifying a starting position from where on thespective tranche continuously covers
the picture using the coding/decoding order of tileldWPP substreams the respective
tranche is part of. Even the order among the trasevhich belong to a certain tile or WPP
substream, for example, may be reconstructed aarsgort demultiplexer or by the
decoder using the starting positions. However,résiorting, the information of transport
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packet headers of lower OSI layers as describedeatith respect to RTP transmission,
may be used, too, such as decoding order numbeD®ON’s. A transport demultiplexer
of the just-mentioned type may be configured siryiléo the above discussed transport
demultiplexer so as to store data of tranches ohlke@/PP substream or tile in one slice
buffer, and data of tranches of WPP subtreams les tassociated different WPP
substreams or tiles in different slice buffers.mentioned above, slice structure, i.e. slice
headers, may be used to convey tranches.

Next, reference is made to the embodiments of Ri§jsto 15 in order to describe them
again in other words. As described in these figuskses Si are packetized into NAL units
with each NAL unit 110 (see Fig. 11) comprising ALNunit header 112. It should be
noted that the slices Si may be normal slicesioesicarrying tranches in accordance with
Fig. 9. Accordingly, these slices solely carry dadacerning one WPP substream or tile of
a current picture, namely of th8 WPP substream or tile, respectively. Via fragmtoma
the NAL units 110 are transported via transporeastr (TS) packets 114, namely the
payload section 116 thereof. In doing so, each NAit 110 and the corresponding slige S
is preceded by a respective substream marker MidRating i, i.e., the WPP substream or
tile the immediately following slice of the immethéy following NAL unit 110 belongs
to.

NAL units 110 carrying slices belonging to diffete’WPP substreams or tiles may be
distributed onto more than one elementary streanorsto the same elementary stream
as explained in Figs. 11 to 13. As mentioned abtlementary stream” may also identify

a separate RTP stream in its own RTP session.

As explained with respect to Figs. 14 and 15, aspart demultiplexor may comprise a
multiplex buffer MB, slice buffers SB and a trandpauffer TB. The slice buffers SB are
pulled by a multi-threaded decoder MTD which alloparallel decoding of a picture in
WPP substreams or tiles. The transport buffer T&idigured to collect data belonging to
a TS packet of a predetermined elementary streaenvideo bit stream and forward the
data to the multiplex buffer MB. The transport déiiplexor is then configured to evaluate
NAL unit headers of NAL units of an NAL unit sequenpacketized into the TS packets at
an output of the multiplex buffer MB, drop substreanarker NAL units MKR with
storing the substream marker data carried withan shbstream marker NAL units and
store data of slices of substreams or tiles withklL units following substream marker
NAL units, a data field of which identifies an etj\/dPP substream or tile in one, i.e., the
same, slice buffer SB and data of slices of WPRstseams or tiles within NAL units
following substream marker NAL units a data fieltlwhich identifies different WPP
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substreams or tiles in different slice buffers $& shown in Fig. 15, the transport
demultiplexor may comprise a demultiplexor callésl demux in Fig. 15, and configured
to receive the video bit stream and split TS packétthe video bit stream into different
elementary streams, i.e., distribute the TS paokehe video bit stream to the different
elementary streams. The demultiplexor performs ghlgting or distribution according to
PIDs contained within TS headers of the TS packethst each elementary stream is
composed of TS packets of a PAD different from PAD3SS packets of other elementary
streams.

That is, if the slices correspond to the trancimethé sense of the embodiment of Fig. 9,
the MTD, i.e., the multi-threaded decoder, is ablstart processing more than one WPP
substream or tile of a current picture as soorhascorresponding slice buffer SB of the
respective WPP substream or tile has data contéeeein, thereby reducing the delay.

Although some aspects have been described in thiextoof an apparatus, it is clear that
these aspects also represent a description ofdtniesponding method, where a block or
device corresponds to a method step or a featueeroéthod step. Analogously, aspects
described in the context of a method step alscesgmt a description of a corresponding
block or item or feature of a corresponding apper.abome or all of the method steps may
be executed by (or using) a hardware apparatus,ftik example, a microprocessor, a
programmable computer or an electronic circuitséme embodiments, some one or more
of the most important method steps may be exededich an apparatus.

The inventive encoded bitstream can be stored digital storage medium or can be
transmitted on a transmission medium such as desgdransmission medium or a wired
transmission medium such as the Internet.

This above contributions, thus, inter alias, déscrinethods for low delay encapsulation
and transmission of structured video data as peavigy the new HEVC coding standard,
such as structured in tiles, wavefront parallelcpssing (WPP) substreams, slices or
entropy slices. Techniques have been, inter ajmssented which allow low delay
transport in an parallelized encoder - transmiteceiver - decoder environment through
interleaved transport of entropy slices / slicédet / substreams.To solve the bottleneck
problems outlined in the introductory portion oftlpecification and to minimize the
delay of transmission and decoding time, i.e. thd-te-end delay, technique for an
interleaved entropy slice scheme for parallel tnaission and processing have been, inter
alias, presented.
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Depending on certain implementation requirementf)adiments of the invention can be
implemented in hardware or in software. The impletaton can be performed using a
digital storage medium, for example a floppy diskpDVD, a Blu-Ray, a CD, a ROM, a
PROM, an EPROM, an EEPROM or a FLASH memory, hawgfegtronically readable

control signals stored thereon, which cooperateafer capable of cooperating) with a
programmable computer system such that the respeatethod is performed. Therefore,
the digital storage medium may be computer readable

Some embodiments according to the invention comprés data carrier having
electronically readable control signals, which aapable of cooperating with a
programmable computer system, such that one of nle¢hods described herein is
performed.

Generally, embodiments of the present invention banimplemented as a computer
program product with a program code, the progranedeeing operative for performing
one of the methods when the computer program ptadas on a computer. The program
code may for example be stored on a machine readablier.

Other embodiments comprise the computer progranpéoforming one of the methods
described herein, stored on a machine readableicarr

In other words, an embodiment of the inventive rodtls, therefore, a computer program
having a program code for performing one of thehoes described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods igrefore, a data carrier (or a digital
storage medium, or a computer-readable medium) demg, recorded thereon, the
computer program for performing one of the methdescribed herein. The data carrier,
the digital storage medium or the recorded mediuentgpically tangible and/or non—
transitionary.

A further embodiment of the inventive method igrdéfore, a data stream or a sequence of
signals representing the computer program for paifty one of the methods described
herein. The data stream or the sequence of signaysfor example be configured to be
transferred via a data communication connectionefample via the Internet.
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A further embodiment comprises a processing meforsgxample a computer, or a
programmable logic device, configured to or adapiedoerform one of the methods
described herein.

A further embodiment comprises a computer havingfalled thereon the computer
program for performing one of the methods descrhein.

A further embodiment according to the invention poises an apparatus or a system
configured to transfer (for example, electronigall optically) a computer program for

performing one of the methods described herein t@ceiver. The receiver may, for

example, be a computer, a mobile device, a memewicd or the like. The apparatus or
system may, for example, comprise a file serverrfmsferring the computer program to
the receiver .

In some embodiments, a programmable logic devioe gkample a field programmable
gate array) may be used to perform some or allhef functionalities of the methods
described herein. In some embodiments, a field raraghable gate array may cooperate
with a microprocessor in order to perform one @& mhethods described herein. Generally,
the methods are preferably performed by any harelapparatus.

The above described embodiments are merely illissgréor the principles of the present
invention. It is understood that modifications aratiations of the arrangements and the
details described herein will be apparent to othskiied in the art. It is the intent,
therefore, to be limited only by the scope of thgénding patent claims and not by the
specific details presented by way of descriptionl @&xplanation of the embodiments
herein.
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Claims

Decoder configured to

receive raw byte sequence payload describing airgicgh WPP substreams with
one WPP substream per LCU row of the picture amtdaising CABAC from an
encoder in tranches into which the WPP substreaensegmented thereby having
tranche boundaries introduced therein;

entropy decoding the tranches with continuing CABA@bability adaptation
across the tranche boundaries introduced withiVWR® substreams; and

decode the raw byte sequence payload to obtaipich#re;

wherein the decoder is a video decoder.

Decoder according to any of the previous claimseneim the tranches are
packetized using slice headers, and the decodswniigured to, in receiving the
tranches, be responsive, upon receiving a new, sbca flag in the slice header of
the new slice, a slice_type of the new slice or ALNinit type of a NAL unit
containing the new slice so as to either intertbptCABAC probability adaptation
by resetting CABAC probabilities or to continue tH@ABAC probability
adaptation.

Decoder according to claim 1 or 2, wherein the decas configured to, in
receiving the tranches, deinterleave the trancladdmtifying, for each tranche, as
to which WPP substream the respective tranche geltm

Decoder according to any of the previous claimseneim the tranches are
packetized into packets in manner so that eachepamkmprises one tranche of
each WPP substream of the picture, or a subsetheofM{PP substreams of the
picture, arranged in an order defined among the \¥&bstreams, each packet
comprising a header comprising revealing the pmsitiand/or lengths of the
tranches packed into the respective packet, or enarkeparating the tranches
within the respective packet from each other, winettee decoder is configured to,
in receiving the raw byte sequence payload, usenfoemation comprised by the
headers or the markers so as to access the tranithasthe packets.
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Decoder according to claim 4, wherein packets caimy first — in accordance
with the order defined among the WPP substreantsesr- tranches of the WPP
substreams or tiles of the picture, comprise a telay feature indicator, and
packets comprising second or subsequent — in aacoedwith the order defined
among the WPP substreams or tiles - tranches aMPE substreams or tiles of the
picture, comprise a continuation indicator.

Decoder according to claim 4 or 5, wherein the ptclare NAL units or slices.

Decoder configured to

receive raw byte sequence payload describing airgiagh WPP substreams and
coded using CABAC from an encoder in tranches witich the WPP substreams
are segmented thereby having tranche boundarresluded therein;

entropy decoding the tranches with continuing CABA@bability adaptation
across the tranche boundaries introduced within® substreams by adopting,
in starting entropy decoding one tranche of the W4eBstream, the CABAC
probabilities at the end of entropy decoding anotteche of the WPP substream;
and

decode the raw byte sequence payload to obtaipichgre.

Decoder according to claim 1 wherein the raw bgguence payload has encoded
a scene in layers corresponding to different viem{s.

Decoder according to claim Wherein the raw byte sequence payload has encoded
there into the picture in layers.

Encoder configured to

forming, by encoding a picture, a raw byte sequeyadoad so as to describe the
picture in WPP substreams with one WPP substreanh@¥ row of the picture
with entropy encoding the raw byte sequence usiABAL, transmitting the raw
byte sequence in tranches into which the WPP sedoss are segmented thereby
having tranche boundaries introduced therein, amdirtuing CABAC probability
adaptation in the entropy encoding across the l@boundaries introduced within
the WPP substreams, wherein the encoder is a edeader.
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Encoder according to claim 10, wherein the encagleonfigured to form the raw
byte sequence such that the tranches match a mairansfer unit size.

Encoder according to claim 10 wherein the raw lsgiguence payload has encoded
a scene in layers corresponding to different viem{s.

Encoder according to claim 1Qvherein the raw byte sequence payload has
encoded there into the picture in layers.

Video bitstream comprising raw byte sequence palyldascribing a picture in
WPP substreams with one WPP substream per LCU fdheopicture and coded
using CABAC, the video bitstream being decompos#d tranches of the WPP
substreams into which the WPP substreams are ségmnéirereby having tranche
boundaries introduced therein, with continuing CABAorobability adaptation
across the tranche boundaries introduced within/R&® substreams, wherein each
tranche includes an explicit indication of its raarkong the tranches into which the
WPP substream the respective tranche belongsdegqigentially decomposed.

Video bitstream according to claim 14, wherein tfenches are packetized into
packets in manner so that each packet comprisestranehe of each WPP
substream or tile of the picture, or a subset ef WWPP substreams or tiles of the
picture, arranged in an order defined among the \W&ibstreams or tiles, each
packet comprising a header comprising revealingptsgtions and/or lengths of the
tranches packed into the respective packet, or enarkeparating the tranches
within the respective packet from each other.

Video bitstream according to claim 14 or 15, whengickets comprising first — in

accordance with the order defined among the WPBtsedms or tiles - tranches of
the WPP substreams or tiles of the picture, coram@iow delay feature indicator,

and packets comprising second or subsequent — dardance with the order

defined among the WPP substreams or tiles - tranoh¢he WPP substreams or
tiles of the picture, comprise a continuation iradac.

Video bitstream according to any of claims 14 to @Berein the packets are NAL
units or slices.
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Video bitstream according to claim 14 wherein tae byte sequence payload has
encoded a scene in layers corresponding to diffetiew points.

Video bitstream according to claim 1#herein the raw byte sequence payload has
encoded there into the picture in layers.

Method for decoding comprising

receiving raw byte sequence payload describingung in WPP substreams with
one WPP substream per LCU row of the picture amtdaising CABAC from an
encoder in tranches of the WPP substreams intohwifie WPP substreams are
segmented thereby having tranche boundaries intestitherein;

entropy decoding the tranches with continuing CABA@bability adaptation
across the tranche boundaries introduced withiVWR® substreams; and

decoding the raw byte sequence payload to obtaipittiure;
wherein the method is a method for video decoding.

Method for transport demultiplexing comprising reagg a video bitstream
comprising raw byte sequence payload describingcarp in WPP substreams
with one WPP substream per LCU row of the picture eoded using CABAC, the
video bitstream being decomposed into tranchebei¥PP substreams into which
the WPP substreams are segmented thereby havimthérdooundaries introduced
therein with continuing CABAC probability adaptatioacross the tranche
boundaries introduced within the WPP substreamsgrevh the each tranche
comprises information identifying, for each tranche to which WPP substream or
tile, the respective tranche belongs to, and assngithe tranches to the slices,
WPP substreams or tiles using the information.

Method for encoding comprising

forming, by encoding a picture, a raw byte sequeyadoad so as to describe the
picture in WPP substreams with one WPP substreanh@¥ row of the picture
with entropy encoding the raw byte sequence usiABAL, transmitting the raw
byte sequence in tranches into which the WPP sediss are segmented thereby
having tranche boundaries introduced therein, amdirtuing CABAC probability
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adaptation in the entropy encoding across the l@boundaries introduced within
the WPP substreams, wherein the method is a mébhettleo encoding.

A computer program having a program code for periog, when running on a
computer, a method according to any of claims 222to



