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Low Delay Picture Coding
Description
The present invention is concerned with low delagicg of pictures

In the current HEVC design Slices, Entropy Slidesnjer Light Weight Slices) Tiles and
WPP (Wavefront Parallel Processing) are contaisaidals for parallelization.

For parallelization of video encoders and decogécture-level partitioning has several
advantages compared to other approaches. In peevidaeo codecs, like H.264/AVC [1],

picture partitions were only possible with regudéices with a high cost in terms of coding
efficiency. For scalable parallel H.264/AVC decaglint is necessary to combine
macroblock-level parallelism for picture reconstroie and frame-level parallelism for

entropy decoding. This approach, however, provitheted reduction in picture latencies
and high memory usage. In order to overcome thesiations, new picture partition

strategies have been included in the HEVC codecre@u reference software version
(HM-6) contains 4 different approaches: regulan@mal slices, entropy slices, wavefront
parallel processing (WPP) sub-streams and tilegically those picture partitions

comprise a set of Largest Coding Units (LCUS), inra synonymous wording, Coding
Tree Units (CTU), as defined in HEVC or even a stilof those.

Figure 1 shows as a picture 898 exemplarily pas#tibinto regular slice 900 per row 902
of LCUs or macroblocks in a picture. Regular ormar slices (as defined in H.264 [1])

have the largest coding penalty as they break eytrdecoding and prediction

dependencies.

Entropy slices, like slices, break entropy decodiegendencies but allow prediction (and
filtering) to cross slice boundaries.

In WPP the picture partitions are row interleavesid both entropy decoding and
prediction are allowed to use data from blocksthreo partitions. In this way coding losses
are minimized while at the same time wavefront fglrem can be exploited. The
interleaving, however, violates bitstream causalya prior partition needs a next partition
to decode.

Figure 2 exemplarily shows a picture 898 divided inp two rows 904, 904b of
horizontally partitioning tiles 906. Tiles definerdizontal 908 and vertical boundaries 910
that partition a picture 898 into tile columns 912a and rows 904a,b. Similar to regular
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slices 900, tiles 906 break entropy decoding aradliption dependencies, but does not
require a header for each tile.

For each of these techniques the number of parsitocan be freely chosen by the encoder.
In general having more partitions leads to higlmngression losses. However in WPP the
loss propagation is not so high and therefore timaber of picture partitions even can be
fixed to one per row-. This leads also to severhlaatages. First, for WPP bitstream
causality is guaranteed. Second, decoder implet@macan assume that a certain
amount of parallelism is available, which also eages with the resolution. And, finally,
none of the context selection and prediction depeoi@s have to be broken when
decoding in wavefront order, resulting in relativev coding losses.

However, until now all parallel coding in transforeoncepts fail to provide an
achievement of high compression efficiency in cambon with keeping the delay low.
This is also true for the WPP concept. The slicedlzde smallest units of transportation, in
the coding pipeline, and several WPP substreaithbatie to be transported serially.

Accordingly, it is the object of the present inventto provide a picture coding concept
which allows for parallel decoding according to,r fexample, wavefront parallel
processing, with increased efficiency, such as witen further reducing the end-to-end
delay or enhancing coding efficiency by reducinding overhead to be spent.

This object is achieved by the subject matter efitliependent claims.

It is a basic finding of the present invention tlparallel processing concepts such as
wavefront parallel processing, may be realized witleduced end-to-end delay if the usual
slice concept according to which slices are eittweted/decoded completely independent
from areas of the picture outside of the respedliee, or at least independent from areas
outside the respective slice as far as the entcopyng is concerned is given up in favor
of slices of different modes, namely ones callegedelent slices which allow for
interdependencies across slice boundaries, andsotitéch do not, called normal slices,
for example.

It is a further basic finding of the present inventwhich may be combined with the first
one or individually be used, that WPP processimgcept may be made more efficiently if
the slices’ start syntax portions are used to BYEPP entry points.
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Preferred embodiments of the present applicatiendascribed below with regard to the
figures, wherein advantageous embodiments areubjec of dependent claims. Among
the figures,

Fig. 1 shows a picture exemplarily partitioneaiatregular slice per row of LCUs
or macroblocks in a picture;

Fig. 2 shows a picture exemplarily divided up irtteo rows of horizontally
partitioned tiles;

Fig. 3 exemplarily shows an assignment of paralteloded partitions to a slice or
network transport segment;

Fig. 4 shows a schematic diagram illustrating aegenfragmentation of a frame
with a tile coding approach for minimum end-to-eladay;

Fig. 5 shows a schematic diagram illustrating aengXary fragmentation of a
frame with WPP coding approach for minimum end+d-delay;

Fig. 6 shows a schematic block diagram illustraingcenario of a conversation
using video services;

Fig. 7 illustrates schematically a possible timehestuling of encoding,
transmission and decoding for tiles with generiosstis with minimum end-
to-end delay;

Fig. 8 schematically shows a timing schedule whiommonly achieves an end-
to-end delay;

Fig. 9 illustrates a picture exemplarily having @1goding treeblocks, that is

partitioned into two slices;

Fig. 10 illustrates a picture exemplarily havingx83coding treeblocks, that is
partitioned into three tiles;

Fig. 11 shows an example for a sequence paranedtsystax;

Fig. 12 shows an example for a picture parametesysgax;
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shows an example for a slice header syntax;

exemplifies a partition of a picture for Wirocessing into a regular slice
and, for a low delay processing, into dependenésli

shows an example for a portion within dypie parameter set syntax;

shows a possible slice-header syntax;

schematically illustrates coding interdegercies for normal slices (and
dependent slices);

shows a schematic diagram comparing andamgdor low delay transport
of tiles (wavefront parallel processing using degmnt slices);

illustrates a timing schedule illustrating exemplary WPP coding with
pipeline low delay transmission when using wavefrparallel processing

using dependent slices as shown at the right-hialedo$ Fig. 18;

shows a schematic diagram illustrating lzustness improvement by using
regular slices as anchors;

shows another embodiment for a slice hesylgax;

shows another embodiment for a picturerpatar set syntax;

shows a schematic diagram illustrating eatsyl probability initialization
process for a dependent slice in case of beginainghe left picture
boundary;

shows a schematic diagram of a decoder;

schematically shows a block diagram of @oder along with schematically
illustrating the partitioning of a picture into dad blocks and slices;

schematically shows a block diagram of mcoder;
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Fig. 27 schematically shows a picture partitionsi inormal and dependent slices,
here called slice segments;

Fig. 28a and 28b schematically shows a picture itjperéd into normal and
dependent slices here called slice segments, conthé@and, and tiles on the
other hand,

Fig. 29 shows a flow diagram illustrating an comtextialization process using

dependent slices;

Fig. 30 shows a flow diagram illustrating a contestorage process for using
dependent slices; and

Fig. 31 schematically shows different possibilitdsignaling WPP entry points.

In the following, the description starts with a ddstion of today’s concepts for enabling
parallel picture processing and low delay codiregpectively. The problems occurring
when wishing to have both abilities are outlined.particular, as will turn out from the
following discussion, the WPP substream concepaaght so far somehow conflicts with
the wish to have a low delay due to the necessityonhvey WPP substreams by grouping
same into one slice. The following embodiments eerghrallel processing concepts such
as the WPP concept, applicable to applicationssséteting even less delay by broadening
the slice concept, namely by introducing anotheetpf slice, later on called dependent
slices.

Minimization of the end to end video delay from wamg to display is one of the main
aims in applications such as video conferencingthadike.

The signal processing chain for digital video traission consists of camera, capturing
device, encoder, encapsulation, transmission, detaxer, decoder, renderer and display.
Each of these stages contributes to the end talelay by buffering image data before its
serial transmission to the subsequent stage.

Some applications require minimization of such getag. remote handling of objects in
hazardous areas, without direct sight to the hahdlgect, or minimal invasive surgery.
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Even a short delay can result in severe difficalted proper handling or even lead to
catastrophic mistakes.

In many cases, a whole video frame is bufferediwighprocessing stage, e.g. to allow for
intra frame processing. Some stages gather datarder to form packets which are

forwarded to the next stage. In general, there isweer boundary for the delay which

results from the requirements of the local procgssrhis is analyzed for each individual
stage in more detail below.

The processing inside the camera does not nedgssaquire intra-frame signal
processing, so the minimum delay is given by thegration time of the sensor, which is
bounded by the frame rate, and some design chbicése hardware manufacturer. The
camera output is typically related to the scan owd@ch usually starts processing in the
top left corner, moves over to the top right coraed continues line by line to the bottom
right corner. Consequently, it takes about one é&ataration until all data is transferred
from the sensor to the camera output.

The capturing device could forward the camera dataediately after reception; however

it will typically buffer some data and generate diarin order to optimize data access to
memory or storage. Furthermore, the connection d&twamera/capturer and memory of
the computer is typically limiting the bitrate florwarding the captured image data to the
memory for further processing (encoding). Typicatlgmeras are connected via USB 2.0
or soon with USB 3.0, which will always include arpal transport of the image data to

the encoder. This limits the parallelizability dmetencoder side in extreme low-delay
scenarios, i.e. the encoder will try to start emegds soon as possible, when data becomes
available from the camera, e.g. in a raster-scdardrom top to bottom of the image.

In the encoder, there are some degrees of freedbithvallow to trade-off encoding
efficiency, in terms of data rate needed for aaiervideo fidelity, for a reduction of the
processing delay.

The encoder uses data which has already beencspredict the image to be subsequently
encoded. In general, the difference between theahathage and the prediction can be
encoded with fewer bits than would be needed witlpwediction. This prediction values
need to be available at the decoder, thus predidibased on previously decoded portions
of the same image (intra-frame prediction) or oheotimages (inter-frame prediction)
which have been processed earlier. Pre-HEVC videoding standards use only the part
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of the image above or in the same line, but leftvikich has been previously encoded —
for intra-frame prediction, motion vector predictiand entropy coding (CABAC).

In addition to the optimization of the predictiotrusture, the influence of parallel
processing can be considered. Parallel processiggires the identification of picture
areas which can be processed independently. Fatigakaireasons, contiguous regions
such as horizontal or vertical rectangles are aheggich are often called “tiles”. In the
case of low delay constraints, those regions shalldev for parallelized coding of the data
incoming from the capturer to the memory, as so®passible. Assuming a raster-scan
memory transfer, vertical partitions of the rawadatake sense, in order to start encoding
immediately. Inside such tiles, which divides thetyre into vertical partitions (cf. figure
below), intra-prediction, motion vector predictiand entropy coding (CABAC) can lead
to reasonable coding efficiency. In order to mirdenthe delay, only part of the picture,
starting from the top, would be transferred to freme memory of the encoder, and
parallel processing should be started in vertited.t

Another way of allowing parallel processing is teed/VPP within a regular slice, that
would be compared to tiles, a “row” of tiles inckdlin a single slice. The data within that
slice, could be also parallel encoded using WPRtsedims , within the slice. The picture
separation into slices 900 and tiles/WPP substre@itdsis shown in Fig. 3/1 form of

examples.

Fig. 3, thus, shows the assignment of parallel @éed@artitions such as 906 or 914 to a
slice or network transport segment (a single netwmaicket or multiple network 900
packets).

The encapsulation of the encoded data into Netwidrgtraction Layer (NAL) units, as
defined in H.264 or HEVC, before transmission orimly the encoding process adds some
header to data blocks which allows for identifioatiof each block and the reordering of
blocks, if applicable. In the standard case, noitexhdl signaling is required, since the
order of coding elements is always in decoding Qridhat is an implicit assignment of the
position of the tile or general coding fragmengisgen.

If parallel processing is considered with an addil transport layer for low delay parallel
transport, i.e. the transport layer may re-ordetype partitions for tiles in order to allow
for low delay transmission, meaning to send ougrfrants as shown in Fig. 4 as they are
encoded. Those fragments may be also not fullygettslices, they may be a subset of a
slice, , or may be contained in a dependent Slice.
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In case of creating additional fragments, thera igade-off between efficiency, which
would be highest with large data blocks becausehisder information is adding a
constant number of bytes, and delay, because atge blocks of the parallel encoders
would need to be buffered before transmission. dverall delay can be reduced, if the
encoded representation of vertical tiles 906 isasgpd in a number of fragments 916
which are transmitted as soon as a fragment is [&ietp encoded. The size of each
fragment can be determined in terms of a fixed en@gion, such as marcroblocks, LCUs
or in terms of a maximum data as shown in Fig. 4.

Fig. 4, thus, shows a generic fragmentation of aan& with tile coding approach for
minimum end-to-end delay.

Similarly, Fig. 5 shows a fragmentation of a framéh WPP coding approach for
minimum end-to-end delay.

The transmission may add further delay, e.g., dittamhal block oriented processing is
applied, such as Forward Error Correction codegeasing the robustness of the
transmission. Besides, the network infrastructupatérs etc.) or the physical link can add
delay, this is typically known as latency for a npeation. In addition to the latency the
transmission bitrate determines, the time (delay)tfansferring the data from Party a to
Party b, in a conversation as shown in Fig. 6 whisés video services.

If encoded data blocks are transmitted out of gna&rdering delay has to be considered.
The decoding can start as soon as a data unitrhigsda assumed that other data units
which have to be decoded prior to this are avaslabl

In case of tiles, there are no dependencies betviten; thus a tile can be decoded
immediately. If fragments have been produced dafea such as separate slices per each
fragment as shown in Fig 4, the fragments can ety transported, as soon as they are
encoded respectively their contained LCUs or CU& Heeen encoded.

The renderer assembles the outputs of parallel diegoengines and forwards the
combined picture line by line to the display.

The display does not necessarily add any delayjnbptactice may do some intra frame
processing before the image data is actually dysplaThis is up to design choices by the
hardware manufacturer.
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Summing up, we can influence the stages encodingapsulation, transmission and
decoding in order to achieve minimum end-to-enchylelf we use parallel processing,
tiles and fragmentation within the tiles, the totidlay can be reduced significantly as
shown in Fig. 7, compared to a commonly used psiegshain that adds about one frame
delay at each of these stages as shown in Fig. 8.

In particular, while Fig. 7 shows encoding, transsion and decoding for tiles with generic
subsets with minimum end-to-end delay, Fig. 8 illates a commonly achieved end-to-
end delay.

HEVC allows the use of slice partitioning, tile ptaoning, and in the following way.

tile: An integer number of treeblocks co-occurringone column and one row, ordered
consecutively in treeblock raster scan of the Tilee division of each picture into tiles is a
partitioning. Tiles in a picture are ordered congiely in tile raster scan of the picture.
Although a slice contains treeblocks that are coutbee in treeblock raster scan of a tile,
these treeblocks are not necessarily consecutitreeblock raster scan of the picture.

slice: An integer number of treeblocks ordered ecosvely in the raster scan. The
division of each picture into slices is a partititn The treeblock addresses are derived
from the first treeblock address in a slice (asesented in the slice header).

raster scan: A mapping of a rectangular two-din@rali pattern to a one-dimensional
pattern such that the first entries in the one-disimnal pattern are from the first top row
of the two-dimensional pattern scanned from lefigbt, followed similarly by the second,
third, etc., rows of the pattern (going down) eacanned from left to right.

treeblock: A NxN block of luma samples and two esponding blocks of chroma samples
of a picture that has three sample arrays, or a blrkk of samples of a monochrome
picture or a picture that is coded using three i@paolour planes. The division of a slice
into treeblocks is a partitioning.

partitioning: The division of a set into subsetststhat each element of the set is in
exactly one of the subsets.

quadtree: A tree in which a parent node can beispdi four child nodes. A child node
may become parent node for another split into &ld nodes.
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In the following, the spatial subdivision of piotg:; slices and tiles is explained. In
particular, the following description specifies hawpicture is partitioned into slices, tiles
and coding treeblocks. Pictures are divided inteesland tiles. A slice is a sequence of
coding treeblocks. Likewise, a tile is a sequerfasoding treeblocks.

The samples are processed in units of coding ekl The luma array size for each
treeblock in samples in both width and height isSize. The width and height of the
chroma arrays for each coding treeblock are CtbhN@dind CtbHeightC, respectively.

For example, a picture may be divided into twoeslias shown in the next figure. As
another example, a picture may be divided intoethites as shown in the second following
figure.

Unlike slices, tiles are always rectangular andaglvcontain an integer number of coding
treeblocks in coding treeblock raster scan. Artiley consist of coding treeblocks
contained in more than one slice. Similarly, aeshtay comprise coding treeblocks
contained in more than one tile.

Fig. 9 illustrates a picture 898 with 11 by 9 cagltreeblocks 918 that is partitioned into
two slices 900a,b.

Fig. 10 illustrates a picture with 13 by 8 codinggtlocks 918 that is partitioned into three
tiles.

Each coding 898 treeblock 918 is assigned a partgignaling to identify the block sizes
for intra or inter prediction and for transform aogl The partitioning is a recursive
quadtree partitioning. The root of the quadtreassociated with the coding treeblock. The
quadtree is split until a leaf is reached, whickeierred to as the coding block. The coding
block is the root node of two trees, the predictree and the transform tree.

The prediction tree specifies the position and sizgrediction blocks. The prediction
blocks and associated prediction data are refeored prediction unit.

Fig. 11 shows an exemplary sequence parameteB&® Ryntax.

The transform tree specifies the position and sizdéransform blocks. The transform
blocks and associated transform data are refeorad transform unit.



11

The splitting information for luma and chroma iemdical for the prediction tree and may
or may not be identical for the transform tree.

The coding block, the associated coding data aedagisociated prediction and transform
5 units form together a coding unit.

A process for a conversion of a coding treebloakresk in coding treeblock raster order to

tile scan order could be as follows:

Outputs of this process are

10 - an array CtbAddrTS[ctbAddrRS], with ctbAddrRSlre range of 0 to

PicHeightInCtbs * PicWidthIinCtbs - 1, inclusive.

- an array Tileld[ ctbAddrTS ], with ctbAddrTS ind range of O to
PicHeightInCtbs * PicWidthIinCtbs - 1, inclusive.
The array CtbAddrTS[ ] is is derived as follows:

15
for( cthAddrRS = 0; ctbAddrRS < PicHeightInCtbs * PicWidthInCtbs; ctbAddrRS++ ) §
thX = ctbAddrRS % PicWidthInCtbs
thY = ctbAddrRS / PicWidthInCtbs
for(j = 0; ) <=num tile columns minusl; j++)
(tbX <ColBd[j+1])
tileX = |
for(1=0;1<=num_tile rows minusl; i++)
H(thY <RowBd[1+1])
tileY =1
CtbAddrTS[ ctbAddrRS | = ctbAddrRS — thX
for(1=0.1<tleX; 11t+)
cthAddrTS += RowHeight[ tileY ]* ColumnWidth[ 1]
CtbAddrTS[ ctbAddrRS ] += (tbY — RowBd][ tileY ] ) * ColumnWidth[ tileY ]+ tbX — ColBd[ tileX ]
1
y
The array Tileld[ ] is derived as follows:
for( ; =0, tileld = 0; j <= num_tile_columns_minusl; j++)
for(1=0;1<=num tile rows minusl; 1++, tileld++ )
for(y=RowBd[ ] ]: vy <RowBd[j+ 1 ], v++)
for(x=ColBd[1],x < ColBd[1+ 1 ], x++)
TileId[ CtbAddrTS[ y*PicWidthInCtbs + x | | = tileld
20

A corresponding, exemplary syntax is shown in Fids.12 and 13, wherein Fig. 12 has an
exemplary picture parameter set RBSP syntax. AgsHbws an exemplary slice header
syntax.

25 In the syntax example, the following semantics rapply:
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12

entropy_slice_flag equal to 1 specifies that thiieaf slice header syntax elements not
present is inferred to be equal to the value ckdtieader syntax elements in a proceeding
slice, where a proceeding slice is defined as libe sontaining the coding treeblock with
location (SliceCtbAddrRS — 1). entropy_slice_flaghak be equal to 0 when
SliceCtbAddrRS equal to 0.

tiles_or_entropy_coding_sync_idc equal to O spesithat there is only one tile in each
picture in the coded video sequence, and no spesyfichronization process for context
variables is invoked before decoding the first ogdireeblock of a row of coding
treeblocks.

tiles_or_entropy_coding_sync_idc equal to 1 spesithat there may be more than one tile
in each picture in the coded video sequence, ansproific synchronization process for
context variables is invoked before decoding thet ftoding treeblock of a row of coding
treeblocks.

tiles_or_entropy_coding_sync_idc equal to 2 spesithat there is only one tile in each
picture in the coded video sequence, a specificcleymization process for context
variables is invoked before decoding the first ogdireeblock of a row of coding
treeblocks, and a specific memorization processctotext variables is invoked after
decoding two coding treeblocks of a row of codiregblocks.

The value of tiles_or_entropy_coding_sync_idc shalin the range of 0 to 2, inclusive.

num_tile_columns_minusl plus 1 specifies the nunddetile columns partitioning the
picture.

num_tile_rows_minus1 plus 1 specifies the numbéill@fows partitioning the picture.
When num_tile_columns_minusl is equal to O, num_tdws_minusl shall not be equal
to 0.

One or both of the following conditions shall béfifled for each slice and tile:
- All coded blocks in a slice belong to the sartee ti
- All coded blocks in a tile belong to the samessli

NOTE — Within the same picture, there may be bétes that contain multiple tiles and
tiles that contain multiple slices.
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uniform_spacing_flag equal to 1 specifies that owluboundaries and likewise row
boundaries are distributed uniformly across theupéc uniform_spacing_flag equal to O
specifies that column boundaries and likewise romunuaries are not distributed

5 uniformly across the picture but signalled expljcitusing the syntax elements
column_width[ i ] and row_height[ i ].

column_width[ i ] specifies the width of the i-iretcolumn in units of coding treeblocks.

10 row_height[ i ] specifies the height of the i-tletrow in units of coding treeblocks.
Values of ColumnWidth[ i ], specifying the width tfe i-th tile column in units of coding
treeblocks, and the values of ColumnWidthinLumaSasijp ], specifying the width of the
i-th tile column in units of luma samples, are ded as follows:

for( 1=10;1==num_tile_columng_minusgl: i++) {
if{ uniform_spacing_flag )
ColimnWidth[ 1 ]=( (1 + 1) * PicWidthInCtbs ) / ( num_tile _columns minusl +1 ) -
(1 *PicWidthInCtbs ) / ( num_tile columng minusl +1)
elge
ColumnWidth[ i ] = column_width[ 1]
ColumnWidthInLumaSamples[ 1 ] = ColumnWidth[ 1 ] == Log2CtbhSize

i)
15 !
Values of RowHeight[i], specifying the height tfe i-th tile row in units of coding
treeblocks, are derived as follows:
20

for(1=0;1==num_tile rows minugl; 1++)
if{ vmform_spacing_flag )
RowHeight[ 1] =( (1+1 ) * PicHeightInCtbsg ) / ( num_ tile rows minugl +1 ) —
(1 * PicHeightInCths ) / ( num_tile_rows _minusl + 1)
elze
RowHeight] 1 ] =row height] 1]

Values of ColBd[i], specifying the location ofetHeft column boundary of the i-th tile
25 column in units of coding treeblocks, are derivedalows:

for( ColBd[ 0]=0,1=0;1==num_tile columns minusl; i++)
ColBd[ i+ 1]=ColBd[ 1]+ ColumnWidth[ i ]
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Values of RowBd[ i ], specifying the location ofethop row boundary of the i-th tile row
in units of coding treeblocks, are derived as oo

for( RowBd[ 0] =0,1=0;1<=num _tile rows mmusl; i++)
RowBd[ 1+ 1] =RowBd[ 1]+ RowHeight] 1 ]

num_substreams_minusl plus 1 specifies the maximumber of subsets included in a
slice when tiles_or_entropy_coding_sync_idc is étmu&. When not present, the value of
num_substreams_minusl is inferred to be equal to 0.

num_entry point_offsets specifies the number ofyepbint_offset[ i ] syntax elements in
the slice header. When tiles_or_entropy_coding_gvaecis equal to 1, the value of
num_entry point_offsets shall be in the range of 0 to

( num_tile_columns_minusl + 1) * ( num_tile_rowsnosl + 1) — 1, inclusive. When
tiles_or_entropy_coding_sync_idc is equal to 2 vélee of num_entry_point_offsets shall
be in the range of 0 to num_substreams_minuslysivd. When not present, the value of
num_entry point_offsets is inferred to be equd.to

offset_len_minusl plus 1 specifies the length,its, of the entry_point_offset[ i ] syntax
elements.

entry_point_offset[ i | specifies the i-th entryipboffset, in bytes and shall be represented
by offset len_minusl plus 1 bits. The coded slicéALN unit consists of
num_entry point_offsets + 1 subsets, with subseatexn values ranging from 0 to
num_entry point_offsets, inclusive. @ Subset 0 cdssis of bytesO to
entry_point_offset[ 0 ] — 1, inclusive, of the cddslice NAL unit, subset k, with k in the
range ofl to num_entry point_offsets- 1, inclesiv consists of bytes
entry_point_offsetfk—1] to entry_point_offs&t] + entry_point_offsetf k — 1] -1,
inclusive, of the coded slice NAL unit, and thetlasbset (with subset index equal to
num_entry point_offsets) consists of the remaitiyigs of the coded slice NAL unit.

NOTE — The NAL unit header and the slice heades obded slice NAL unit are always
included in subset O.

When tiles_or_entropy_coding_sync_idc is equal tand num_entry_ point_offsets is
greater than 0, each subset shall contain all ctitsdof one or multiple complete tiles,
and the number of subsets shall be equal to othessthe number of tiles in the slice.
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When tiles_or_entropy_coding_sync_idc is equal tar@d num_entry point_offsets is
greater than 0, subset k, for each of all the ptesdi values, shall contain all bits to be
used during the initialization process for the eatrbitstream pointer k.

Regarding the slice data semantics, the followiry apply.

end_of_slice_flag equal to O specifies that anothacroblock is following in the slice.
end_of_slice_flag equal to 1 specifies the endchefdlice and that no further macroblock
follows.

entry_point_marker_two_3bytes is a fixed-value sege of 3 bytes equal to 0x000002.
This syntax element is called an entry marker grefi

tile_idx_minus_1 specifies the TilelD in raster s@ader. The first tile in the picture shall
have a TileID of 0. The value of tile_idx_minusshall be in the range of 0 to
( num_tile_columns_minusl + 1) * ( num_tile_rowsnosl + 1) — 1.

A CABAC parsing process for slice data could béo#ews:

This process is invoked when parsing syntax elesn@ith descriptor ae(v).

Inputs to this process are a request for a valua syntax element and values of prior
parsed syntax elements.

Output of this process is the value of the syntarment.

When starting the parsing of the slice data ofaesthe initialization process of a CABAC
parsing process is invoked. When tiles_or_entropgiing_sync_idc is equal to 2 and
num_substreams_minusl is greater than O, a mapfabte BitStreamTable with

num_substreams_minusl + 1 entries specifying drddis pointer table to use for later
current bitstream pointer derivation is deriveda®ws.

- BitStreamTable[ O ] is initialized to contain thiésstream pointer.

- For all indices i greater than 0 and less tham raubstreams_minusl+1,
BitStreamTable[ i] contains a bitstream pointer dotry _point_offset[ i] bytes after

BitStreamTable[i - 1].

The current bitstream pointer is set to BitStreabid[e0 ].
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The mininum coding block address of the codingli@ek containing the spatial neighbor
block T, ctbMinCbAddrT, is derived using a locatipr0, y0 ) of the top-left luma sample
of the current coding treeblock such so, for exanas follows.

X =X0 + 2 << Log2CtbSize - 1

y=y0-1

ctoMinCbAddrT = MinCbAddrZS[ x >> Log2MinCbSize Y >> Log2MinCbSize ]

The variable availableFlagT is obtained by invokiag appropriate coding block
availability derivation process with ctbMinCbAddas input.

When starting the parsing of a coding tree andg tibe_entropy_coding_sync_idc is equal
to 2 and num_substreams_minusl is greater thameOfollowing applies.

- If CtbAddrRS % PicWidthInCtbs is equal to 0, thbowing applies.

- When availableFlagT is equal to 1, the synchation process of the
CABAC  parsing process is invoked as  specified in
subclause “Synchronization process for contextades”.

- A decoding process for binary decisions befomnitgation is invoked,
followed by an initialisation process for the anitétic decoding engine.

- The current bitstream pointer is set to indidit&StreamTable[ i ] with the
index i derived as follows.

i = ( CtbAddrRS / PicWidthInCtbs ) % ( num_substnsaminusl + 1)

- Otherwise, if CtbAddrRS % PicWidthInCtbs is egieaR, the memorization

process of the CABAC parsing process is invokespagified in

subclause “Memorization process for context vaesbl
An initialization process could be as follows:
Outputs of this process are initialised CABAC intdrvariables.
Special processes thereof are invoked when stattimgarsing of the slice data of a slice
or when starting the parsing of the data of a apdiee and the coding tree is the first
coding tree in a tile.

Memorization process for context variables coulabdollows:

Inputs of this process are the CABAC context vdealndexed by ctxIdx.
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Output of this process are variables TableState@ynt TableMPSSync containing the

values of the variables m and n used in the irgaébn process of context variables that
are assigned to syntax elements except for theotsliee flag.

For each context variable, the corresponding entriand m of tables TableStateSync and
TableMPSSync are initialized to the correspondiStpfeldx and valMPS.

Synchronization process for context variables ctnalés follows:

Inputs of this process are variables TableStateSyrt TableMPSSync containing the
values of the variables n and m used in the meratioh process of context variables that
are assigned to syntax elements except for theotsliee flag.

Outputs of this process are the CABAC context \desiindexed by ctxldx.

For each context variable, the corresponding cantaxables pStateldx and valMPS are
initialized to the corresponding entries n and m tables TableStateSync and
TableMPSSync.

In the following, a low delay coding and transpasing WPP is explained. In particular,
the below discussion reveals as to how the lowydgknsport as described in Fig. 7 can
be also applied to WPP.

First of all, it is important that a subset of fhieture can be sent, before completion of the
whole picture. Normally, this is achievable usitiges, as already shown in Fig. 5.

In order to reduce the delay compared to tilesshasvn in the following figures, there is

the need to apply a single WPP substream per ravCtfs and further allow the separate
transmission of each of those rows. In order tqokbe coding efficiency high, slices per
each row/sub stream cannot be used. Thereforewpeoso-called Dependent Slice as
defined in the next section is introduced. Thiseslifor example, has not all fields of the
full HEVC Slice Header, but the fields used for fepty Slices. Furthermore, there may be
a switch to turn off the break of CABAC between souwn case of WPP, usage of CABAC
context (arrows in Fig. 14) and prediction of roglwall be allowed to keep the coding
efficiency gain of WPP over tiles.

In particular, Fig. 14 exemplifies a picture 10 WPP into a regular slice 900 (reg. SL),
and, for low delay processing, into dependent s(i0&) 920.
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Currently the upcoming HEVC standard offers twoetyf partitioning in terms of slices.

There are regular (normal) slice and entropy slitee regular slice is completely

independent picture partition except some depenegribat may be available due to
deblocking filter process on slice boundaries. €n&opy slice is also independent but
only in terms of entropy coding. The idea of Fid.i% to generalize the slicing concept.
Thus the upcoming HEVC standard should offer twoegal types of slices: independent
(regular) or dependent. Therefore, a new typeioé sk Dependent Slice, is introduced.

Dependent Slice is a slice that has dependencipsetaous slice. The dependencies are a
particular data that can be utilized between sliseentropy decoding process and/or pixel
reconstruction process.

In Figure 14 a concept of dependent slices is elamihppresented. The picture starts, for
example, always with a regular slice. Note, in thimcept the regular slice behavior is
slightly changed. Typically, in the standards li264/AVC or HEVC, regular slice is
completely independent partition and do not havketep any data after decoding except
some data for deblocking filter process. But thecpssing of forthcoming dependent slice
920 is only possible by referencing the data afeshbove, here in the first row: regular
slice 900. To establish that, regular slices 908ukhkeep the data of the last CU-row.
This data comprises:

- CABAC coding engine data (context model statesomé CU from that the entropy
decoding process of dependent slice can be izidd)i

- all decoded syntax elements of CUs for regulaBB& decoding process of dependent
CUs,

- Data of intra and motion vector prediction.

Consequently each dependent slice 920 shall dos#éinee procedure — keep data for
forthcoming dependent slice in the same picture.

In practice, these additional steps should notrbessue, because the decoding process in
generally is forced always to store some datadikgax elements.

In the sections below possible changes for the HEY#@dard syntax that are required to
enable the concept of dependent slices, are peskent

Fig. 5, for example, illustrates possible changgsicture parameter set RBSP syntax

Picture parameter set semantics for dependenssimdd be as follows:
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dependent_slices present flag equal to 1 specifies that the picture is contgnin
dependent slices and the decoding process of eaghldr or dependent) slice shall store
states of entropy decoding and data of intra antlom@ector prediction for next slice that

may be a dependent slice that may also follow &ggilar slice. The following dependent
slice may reference that stored data.

Fig. 16 shows a possible slice_header syntax \wghchanges relative to HEVC's current
status.

dependent_dlice flag equal to 1 specifies that the value of slice heagatax elements
not present is inferred to be equal to the valueslmfe header syntax elements in a
proceeding (regular) slice, where a proceeding sBcdefined as the slice containing the
coding treeblock with location (SliceCtbAddrRS ~ dgpendent_slice_flag shall be equal
to 0 when SliceCtbAddrRS equal to O.

no_cabac reset flag equal to 1 specifies CABAC initialization from sal state of
previously decoded slice (and not with initial vl Otherwise, i.e. if 0, CABAC
initialization independent from any state of pressty decoded slice, i.e. with initial
values.

last_ctb_cabac init_flag equal to 1 specifies CABAC initialization from sl state of
last coded treeblock of previously decoded slicay.(dor tiles always equal to 1).
Otherwise (equals to 0), initialization data iserehced from saved state of second coded
treeblock of last (neighboring) ctb-row of previbuslecoded slice, if the first coded
treeblock of current slice is first coded treeblaokrow (i.e. WPP mode), otherwise
CABAC initialization is preformed from saved statelast coded treeblock of previously
decoded slice.

A comparison of Dependent Slices and other paniitip schemes(informative) is provided
below.

In Fig. 17, the difference between normal and ddpenslices is shown.
A possible coding and transmission of WPP substseamdependent slices (DS) as

illustrated with respect to Fig. 18 compares anodimg for low delay transport of tiles
(left) and WPP/DS (right). The bold continuouslywn crosses in Fig. 18 show the same
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time point of time for the two methods assuming th& encoding of the WPP row take
the same time as the encoding of a single tile. Duine coding dependencies, only the
first line of WPP is ready, after all tiles haveeheencoded. But using the dependent slice
approach allows the WPP approach to send out tiierbw once it is encoded. This is
different from earlier WPP substream assignmerssbstream” is defined for WPP as a
concatenation of CU rows of slice to be WPP decduethe same decoder thread, i.e. the
same core/processor. Although, a substream peanowper entropy slice would also have
been possible before, the entropy slice breaksettiwmpy coding dependencies and has
therefore lower coding efficiency, i.e. the WPHadéincy gain is lost.

Additionally the delay difference between both agmhes may be really low, assuming a
transmission as shown in Fig. 19. In particulag. A9 illustrates a WPP coding with
pipelined low delay transmission.

Assuming that the encoding of the latter two CUD&f#1.1 in th WPP approach in Fig.
18, does not take longer than the transmissioheofitst row SL #1, there is no difference
between Tiles and WPP in the low delay case. Bat dbding efficiency of WP/DS
outperforms the tile concept.

In order to increase the robustness for WPP lovaydehode, Fig. 20 illustrates that
robustness improving is achieved by using Regulige$ (RS) as anchors. In the picture
shown in Fig. 20 a (regular) slice (RS) is followey dependent slices (DS). Here, the
(regular) slice acts as an anchor to break therdbpeies to preceding slices, hence more
robustness is provided at such insertion point @kegular) slice. In principal, this is not
different from inserting (regular) slices anyway.

The concept of dependent slices could also be imgiéed as follows.
Here, Fig. 21 shows a possible slice header syntax.
The slice header semantics is as follows:

dependent_dlice flag equal to 1 specifies that the value of each shieader syntax
element not present is inferred to be equal tovilee of corresponding slice header
syntax element in the preceding slice containirgabding tree block for which the coding
tree block address is SliceCtbAddrRS —1. When noesent, the value of
dependent_slice_flag is inferred to be equal toh& value of dependent_slice_flag shall
be equal to 0 when SliceCtbAddrRS equal to 0.
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dlice_address specifies the address in slice granularity regmhuin which the slice starts.
The length of the slice_address syntax element @eil( Log2( PicWidthinCtbs *
PicHeightInCtbs ) ) + SliceGranularity ) bits.

The variable SliceCtbAddrRS, specifying the codirgg block in which the slice starts in
coding tree block raster scan order, is derivefbiésns.

SliceCtbAddrRS = ( slice_address >> SliceGranuylgrit

The variable SliceCbAddrZS, specifying the addmfséirst coding block in the slice in
minimum coding block granularity in z-scan orderderived as follows.

SliceCbAddrZS = slice_address
<< ( (log2_diff_max_min_coding_block_size — StBranularity ) <<1)

The slice decoding starts with the largest coding possible, or, in other terms, CTU, at
the slice starting coordinate.

first_dlice in_pic flag indicates whether the slice is the first slice tbé picture. If
first_slice_in_pic_flag is equal to 1, the variab®liceCbAddrZS and SliceCtbAddrRS are
both set to 0 and the decoding starts with thé d¢iwgling tree block in the picture.

pic_parameter_set id specifies the picture parameter set in use. Thkievaof
pic_parameter_set_id shall be in the range ofZbtg inclusive.

num_entry_point_offsets specifies the number of entry_point_offset[ i h&ax elements
in the slice header. When tiles_or_entropy_codiygcsidc is equal to 1, the value of
num_entry point_offsets shall be in the range of 0 to

( num_tile_columns_minusl + 1) * ( num_tile_rowsnosl + 1) -1, inclusive. When
tiles_or_entropy_coding_sync_idc is equal to 2 vélee of num_entry_point_offsets shall
be in the range of 0 to PicHeightinCtbs — 1, incles When not present, the value of
num_entry point_offsets is inferred to be equd.to

offset_len_minusl plus 1 specifies the length, in bits, of the enprgint_offset[ i ] syntax
elements.
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entry_point_offset[ i] specifies the i-th entry point offset, in legt and shall be
represented by offset_len_minusl plus 1 bits. Towed slice data after the slice header
consists of num_entry_point_offsets + 1 subsett) subset index values ranging from 0
to num_entry point_offsets, inclusive. Subset 0 swa of bytesO to
entry_point_offset[ 0 ] — 1, inclusive, of the cadslice data, subset k, with k in the range
of 1 to num_entry_point_offsets - 1, inclusive, sists of bytes entry _point_offset[ k — 1 ]
to entry_point_offset[ k ] + entry_point_offsetfkl ] — 1, inclusive, of the coded slice
data, and the last subset (with subset index dqualim_entry_point_offsets) consists of
the remaining bytes of the coded slice data.

When tiles_or_entropy_coding_sync_idc is equal tad num_entry_ point_offsets is
greater than 0, each subset shall contain all cbitsdf exactly one tile, and the number
of subsets (i.e., the value of num_entry _point eaffs- 1) shall be equal to or less than the
number of tiles in the slice.

NOTE - When tiles_or_entropy_coding_sync_idc isatdo 1, each slice must include
either a subset of one tile (in which case signglbf entry points is unnecessary) or an
integer number of complete tiles.

When tiles_or_entropy_coding_sync_idc is equal tar@dl num_entry point_offsets is
greater than 0, each subset k with k in the ranfgg to num_entry_point_offsets — 1,
inclusive, shall contain all coded bits of exaablye row of coding tree blocks, the last
subset (with subset index equal to num_entry_poifgets) shall contain all coded bits of
the remaining coding blocks included in the sliaderein the remaining coding blocks
consist of either exactly one row of coding treeckk or a subset of one row of coding tree
blocks, and the number of subsets (i.e., the valuauim_entry point_offsets + 1) shall be
equal to the number of rows of coding tree blockthe slice, wherein a subset of one row
of coding tree blocks in the slice is also counted.

NOTE When tiles_or_entropy coding_sync _idc is éqoa2, a slice may include a

number of rows of coding tree blocks and a subfet mw of coding tree blocks. For

example, if a slice include two and a half rowscofling tree blocks, the the number of
subsets (i.e., the value of num_entry_point_offset$ shall be equal to 3.

The corresponding picture parameter set RBSP syttakl be selected as shown in Fig.
22.

The picture parameter set RBSP semantics could bmlaws:
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dependent_slice_enabled flag equal to 1 specifies the presence of the syntameht
dependent_slice _flag in the slice header for cogedures referring to the picture
parameter set. dependent_slice_enabled_flag eg@aspecifies the absence of the syntax
element dependent_slice_flag in the slice headetdded pictures referring to the picture
parameter set. When tiles_or_entropy coding_sycc itdd equal to 3, the value of
dependent_slice_enabled_flag shall be equal to 1.

tiles or_entropy_coding_sync _idc equal to O specifies that there shall be only dedrt
each picture referring to the picture parameter, sbere shall be no specific
synchronization process for context variables imebkefore decoding the first coding tree
block of a row of coding tree blocks in each pietveferring to the picture parameter set,
and the values of cabac_independent_flag and deperslice_flag for coded pictures
referring to the picture parameter set shall ndbdtd equal to 1.

Note, when cabac_independent_flag and depederd_fiig are both equal to 1 for a
slice, the slice is an entropy slice.

tiles_or_entropy_coding_sync_idc equal to 1 spesithat there may be more than one tile
in each picture referring to the picture parameset, there shall be no specific
synchronization process for context variables imebkefore decoding the first coding tree
block of a row of coding tree blocks in each pietveferring to the picture parameter set,
and the values of cabac_independent_flag and deperslice_flag for coded pictures
referring to the picture parameter set shall ndbdtd equal to 1.

tiles_or_entropy_coding_sync_idc equal to 2 spesifthat there shall be only one tile in
each picture referring to the picture parameter aepecific synchronization process for
context variables shall be invoked before decodmegfirst coding tree block of a row of

coding tree blocks in each picture referring to pieture parameter set and a specific
memorization process for context variables shalhlieked after decoding two coding tree
blocks of a row of coding tree blocks in each pietreferring to the picture parameter set,
and the values of cabac_independent_flag and deperslice_flag for coded pictures

referring to the picture parameter set shall ndbdtd equal to 1.

tiles_or_entropy_coding_sync_idc equal to 3 spesifthat there shall be only one tile in
each picture referring to the picture parameter, sbere shall be no specific

synchronization process for context variables imebkefore decoding the first coding tree
block of a row of coding tree blocks in each pietveferring to the picture parameter set,
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and the values of cabac_independent_flag and deperslice_flag for coded pictures
referring to the picture parameter set may botbdeal to 1.

When dependent_slice_enabled_flag shall be equialttes _or_entropy_coding_sync_idc
shall not be equal to 3.

Its a requirement of bitstream conformance that e thvalue of
tiles_or_entropy_coding_sync_idc shall be the stonall picture parameter sets that are
activated within a coded video sequence.

For each slice referring to the  picture  parameteret, s when
tiles_or_entropy_coding_sync_idc is equal to 2 #redfirst coding block in the slice is not
the first coding block in the first coding tree thoof a row of coding tree blocks, the last
coding block in the slice shall belong to the sanm& of coding tree blocks as the first
coding block in the slice slice.

num_tile_columns_minusl plus 1 specifies the number of tile columns pariihg the
picture.
num_tile_rows_minusl plus 1 specifies the number of tile rows partitioning pieture.

When num_tile_columns_minusl is equal to O, num_tdws_minusl shall not be equal
to 0. uniform_spacing_flag equal to 1 specified t@umn boundaries and likewise row
boundaries are distributed uniformly across theupéc uniform_spacing_flag equal to O
specifies that column boundaries and likewise romunuaries are not distributed
uniformly across the picture but signalled expljcitusing the syntax elements
column_width[ i ] and row_height[ i ].

column_width[ i ] specifies the width of the i-th tile column units of coding tree blocks.
row_height[ i ] specifies the height of the i-th tile row imits of coding tree blocks.

The vector colWidth[ i ] specifies the width of tiuh tile column in units of CTBs with
the column i ranging from 0 to num_tile_columns_usih, inclusive.

The vector CtbAddrRStoTS[ ctbAddrRS ] specifies toaversation from a CTB address
in raster scan order to a CTB address in tile srder with the index ctbAddrRS ranging
from O to (picHeightInCtbs * picWidthInCtbs) — hdlusive.
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The vector CtbAddrTStoRS[ ctbAddrTS ] specifies toaversation from a CTB address
in tile scan order to a CTB address in raster sedar with the index ctbAddrTS ranging
from O to (picHeightInCtbs * picWidthInCtbs) — hdlusive.

The vector Tileld[ ctbAddrTS ] specifies the corsagion from a CTB address in tile scan
order to a tile id with ctbAddrTS ranging from 0 to
(picHeightInCtbs * picWidthInCtbs) — 1, inclusive.

The values of colWidth, CtbAddrRStoTS, CtbAddrTS®RNd Tileld are derived by
invoking a CTB raster and tile scanning conversapoocess with PicHeightInCtbs and
PicWidthInCtbs as inputs and the output is assigiwedolWidth, CtbAddrRStoTS and
Tileld.

The values of ColumnWidthinLumaSamples[i], spgod the width of the i-th tile
column in units of luma samples, are set equabtd/@th[ i ] << Log2CtbSize.

The array MinCbAddrZS[ x ][y ], specifying the omersation from a location (x,y) in
units of minimum CBs to a minimum CB address ircarsorder with x ranging from 0 to
picWidthinMinCbs — 1, inclusive, and y ranging frdnto picHeightinMinCbs - 1,
inclusive, is dervied by invoking a Z scanning arderay initialization process with
Log2MinCbSize, Log2CtbSize, PicHeightinCtbs, PicWidCtbs, and the vector
CtbAddrRStoTS as inputs and the output is assigm&iinCbAddrZS.

loop_filter_across tiles enabled flag equal to 1 specifies that in-loop filtering opé&ras
are performed across tile boundaries. loop_filteross_tiles_enabled flag equal to 0
specifies that in-loop filtering operations are petformed across tile boundaries. The in-
loop filtering operations include the deblockinljefi, sample adaptive offset, and adaptive
loop filter operations. When not present, the valtibwop_filter_across_tiles_enabled_flag
is inferred to be equal to 1.

cabac_independent_flag equal to 1 specifies that CABAC decoding of codihacks in a
slice is independent from any state of the prellousdecoded slice.
cabac_independent_flag equal to O specifies thaBAA decoding of coding blocks in a
slice is dependent from the states of the prewodsktoded slice. When not present, the
value of cabac_independent_flag is inferred todueakto O.

A derivation process for the availability of a cogliblock with a minimum coding block
address could be as follows:
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Inputs to this process are

a minimum coding block address minCbAddrZS ircarsorder
the current minimum coding block address currMin@BAZS in z-scan order

Output of this process is the availability of thedimg block with mininum coding block
address cbAddrZS in z-scan order cbAvailable.

NOTE 1 — The meaning of availability is determivelten this process is invoked.

NOTE 2 — Any coding block, regardless of its simeassociated with a mininum coding
block address, which is the address of the codlogkbwith the mininum coding block
size in z-scan order.

If one or more of the following conditions aradr cbAvailable is set to FALSE.

- minCbAddrZS is less than 0

- minCbAddrZS is greater than currMinCBAddrZS

- the coding block with mininum coding block addreminCbAddrZS

belongs to a different slice than the coding bladth the current mininum coding
block address currMinCBAddrZS and the dependemtstiag of the slice
containing the coding block with the current minmucoding block address
currMinCBAddrZS is equal to O.

- the coding block with mininum coding block addreminCbAddrZS is

contained in a different tile than the coding blaadkh the current mininum coding
block address currMinCBAddrZS.

Otherwise, cbAvailable is set to TRUE.

A CABAC parsing process for slice data could béo#ews:

This process is invoked when parsing certain syataments with descriptor ae(v).

Inputs to this process are a request for a valua syntax element and values of prior
parsed syntax elements.

Output of this process is the value of the syntarment.

When starting the parsing of the slice data ofieeslthe initialization process of the
CABAC parsing process is invoked.
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Fig. 23 illustrates as to how a spatial neighbds Tised to invoke the coding tree block
availability derivation process relative to theremt coding tree block (informative).

The minimum coding block address of the coding tbdeck containing the spatial
neighbor block T (Fig. 23), ctbMinCbAddrT, is deztv using the location ( x0, y0 ) of the
top-left luma sample of the current coding treecklas follows.

X =X0 + 2 << Log2CtbSize - 1
y=y0-1
ctoMinCbAddrT = MinCbAddrZS[ x >> Log2MinCbSize Y >> Log2MinCbSize ]

The variable availableFlagT is obtained by invokeangoding block availability derivation
process with ctbMinCbAddrT as input.

When starting the parsing of a coding tree as fipdcthe following ordered steps apply.

The arithmetic decoding engine is initialised dkfes.

If CtbAddrRS is equal to slice_address, dependéot dlag is equal tol and
entropy_coding_reset_flag is equal to 0, the follmnapplies.

The synchronization process of the CABAC parsingcess is invoked with
TableStateldxDS and TableMPSValDS as input.

A decoding process for binary decisions before teation is invoked, followed by
an initialization process for the arithmetic decagengine.

Otherwise if tiles_or_entropy_coding_sync_idc is uaq toz2, and
CtbAddrRS % PicWidthInCtbs is equal to 0, the faliog applies.

When availableFlagT is equal to 1, a synchronimagwocess of the CABAC
parsing process is invoked with TableStateldxWPH @&ableMPSValWPP as
input.

A decoding process for binary decisions before teation is invoked, followed by
the process for the arithmetic decoding engine.
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When cabac_independent_flag is equal to 0 and deperslice flag is equal to 1, or
when tiles_or_entropy_coding_sync_idc is equal, tthh@& memorization process is applied
as follows.

When tiles_or_entropy_coding_sync_idc is equal to 2 and

CtbAddrRS % PicWidthinCtbs is equal to 2, the memadion process of the
CABAC parsing process is invoked with TableState®¥lBf and

TableMPSValWPP as output.

When cabac_independent_flag is equal to 0, dep¢érslme_flag is equal to 1, and
end_of_slice flag is equal to 1, the memorizatioocpss of the CABAC parsing
process is invoked with TableStateldxDS and TabIEM&DS as output.

The parsing of syntax elements proceeds as follows:

For each requested value of a syntax element aizatian is derived.

The binarization for the syntax element and theusege of parsed bins determines the
decoding process flow.

For each bin of the binarization of the syntax edatnwhich is indexed by the variable
binldx, a context index ctxldx is derived.

For each ctxldx the arithmetic decoding processvisked.

The resulting sequence ( b0..bbinldx ) of parsed s compared to the set of bin strings
given by the binarization process after decodingawh bin. When the sequence matches a
bin string in the given set, the corresponding gatuassigned to the syntax element.

In case the request for a value of a syntax elemgbcessed for the syntax element pcm-
flag and the decoded value of pcm_flag is equdl,tthe decoding engine is initialised
after the decoding of any pcm_alignment zero_bitmnsubsequent_pcm, and all
pcm_sample_luma and pcm_sample_chroma data.

Thus, the above description reveals a decoder@srsim Fig. 24. This decoder, which is
generally indicated by reference sign 5, reconstra@icture 10 from a data stream 12 into
which the picture 10 is coded in units of slicesirité which the picture 10 is partitioned,
wherein the decoder 5 is configured to decode lisess14 from the data stream 12 in
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accordance with a slice order 16. Naturally, decd&des not restricted to serially decode
the slices 14. Rather, the decoder 5 may use wauefrarallel processing in order to
decode the slices 14, provided the pictures 1Qtjpaihg into slices 14 is appropriate for
wavefront parallel processing. Accordingly, deco8emay, for example, be a decoder
which is able to decode slices 14 in parallel istaggered manner with starting the
decoding of the slices 14 by taking the slice offeinto account so as to allow wavefront
processing as it has been described above anteviéscribed below, too.

Decoder 5 is responsive to a syntax element poft®within a current slice of the slices
14 so as to decode the current slice in accordattbeone of at least two modes 20 and
22. In accordance with a first of the at least imades, namely mode 20, the current slice
is decoded from the data stream 12 using contesgptae entropy decoding including a
derivation of context across slice boundaries,aceoss the dashed lines in Fig. 24, i.e. by
using information stemming from coding/decodingotifier “in slice order 16 preceding
slices”. Further, decoding the current slice frdra tlata stream 12 using the first mode 20
comprises a continuous update of symbol probadslitif the codec and an initialization of
the symbol probabilities at the beginning of theatbng of the current slice, which
depends on saved states of the symbol probabibfies previously decoded slice. Such
dependency was described above, for example, inemtion with the “synchronization
process for codec variables”. Finally, the firstdad®0 also involves predictive decoding
across the slice boundaries. Such predictive dagodcross slice boundaries may, for
example, involve intra-prediction across slice bidanes, i.e. predicting sample values
within the current slice on the basis of alreadyorsstructed sample values of an “in slice
order 16", preceding slice, or a prediction of cwfdparameters across slice boundaries
such as a prediction of motion vectors, predictimdes, coding modes or the like.

In accordance with the second mode 22, the decodiercodes the current slice, i.e. the
slice currently to be decoded, from the data strd@&rusing context adaptive entropy
decoding with restricting, however, the derivatiointhe contexts so as to not cross the
slice boundaries. If ever, for example, a templateneighboring positions used for
deriving the context for a certain syntax elemetating to a block within the current slice
extends into a neighboring slice, thereby crossitggslice boundary of the current slice,
the corresponding attribute of the respective portf the neighboring slice, such as the
value of the corresponding syntax element of tleigmboring portion of the neighboring
slice, is set to the default value in order to lnithinterdependencies between the current
slice and the neighboring slices. While a contirmuopdate of symbol probabilities of the
contexts may take place just as it is the casearfitst mode 20, the initialization of the
symbol probabilities in the second mode 22 is imthejent of any previously decoded



10

15

20

25

30

35

30

slice. Further, the predictive decoding is perfadmath restricting the predictive decoding
S0 as to not cross the slice boundaries.

In order to ease the understanding of the desoniptf Fig. 24 and the following

description, reference is made to Fig. 25, whicbwsh a possible implementation of
decoder 5 in a more structural sense than compared). 24. As it is the case in Fig. 24,
the decoder 5 is a predictive decoder using comt@aptive entropy decoding for decoding
the data stream so as to obtain, for example, tiedigiion residual and prediction
parameters.

As shown in Fig. 25, the decoder 5 may compriserdaropy decoder 24, a dequantization
and inverse transform module 26, a combiner 28 empehted, as shown in Fig. 25, for
example, as an adder and a predictor 28. Entropyd#e 24, module 26 and adder 27 are
serially connected between input and output of decd in the order of their mentioning,
and predictor 28 is connected between an outpatddér 28 and a further input thereof in
order to form the prediction loop along with condnir27. Hence, the decoder 24 has its
output additionally connected to a coding paramietaut of predictor 28.

Although Fig. 25 provides the impression that tleeatler serially decodes the current
picture, the decoder 5 may, for example, be impigete so as to decode picture 10 in
parallel. The decoder 5 may, for example, compnsaltiple cores each operating
according to elements 24-28 in Fig. 25. The pdrphecessing, however, is optional and a
serially operating decoder 5 is also able to de¢hdedata stream inbound at the input of
entropy decoder 24.

In order to efficiently achieve the just-mentionability of either serially or in parallel
decoding the current picture 10, the decoder 5atpsrin units of coding blocks 30 in
order to decode picture 10. Coding blocks 30 awe,ekample, leaf blocks into which
coding tree blocks or largest coding blocks 32 pagtitioned by recursive multitree
partitioning such as quadtree partitioning. The ecdtkeblocks 32, in turn, may be
regularly arranged in columns and rows so as to farregular partitioning of picture 10
into these code treeblocks 32. In Fig. 25, the ¢oskblocks 32 are shown with continuous
lines, whereas coding blocks 30 are shown with edmes. For illustration purposes,
merely one code treeblock 32 is shown to be furpatitioned into coding blocks 30,
while the other code treeblocks 32 are shown tadidurther partitioned so as to directly
form a coding block, instead. The data stream 12 comprise a syntax portion signaling
as to how picture 10 is partitioned into the colieks 30.
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The data stream 12 conveys, for each coding bl@¢lsyhtax elements which reveal as to
how modules 24 to 28 are to recover the picturdesdrwithin that coding block 30. For
example, these syntax elements comprise:

1) optionally, partitioning data further partitiolgy coding block 30 into prediction
blocks,

2) optionally, partitioning data further partitioig the coding block 30 into residual
and/or transform blocks,

3) a prediction mode signaling as to which predittmode is to be used for deriving
the prediction signal for the coding block 30, wdierthe granularity at which this
prediction mode is signaled may depend on codirogksl 30 and/or prediction
block.

4) prediction parameters may be signaled per codilogk or, if present, per
prediction block with a kind of prediction paranmsteent depending, for example,
on the prediction mode. Possible prediction modey,nfior example, comprise
intra-prediction and/or inter-prediction.

5) Other syntax elements may also be present sufiheaing information for filtering
picture 10 at coding block 30 so as to obtain thedigtion signal and/or the
reconstructed signal to be reproduced.

6) Finally, residual information in form of, int@lia, transform coefficients may be
comprised in a data stream for coding block 3nits of residual blocks, residual
data may be signaled; per residual block, the sgledecomposition may , for
example, performed in units of the aforementiomadgform blocks, if present.

The entropy decoder 24 is responsible for obtairireg just-mentioned syntax elements
from the data stream. To this end, the entropy diexc@4 uses context adaptive entropy
decoding. That is, the entropy decoder 24 provelsral context. In order to derive a
certain syntax element from the data stream 12gtitopy decoder 24 selects a certain
context among the possible contexts. The selectioong the possible contexts is
performed depending on an attribute of a neighbmathof the portion of picture 10 to

which the current syntax element belongs. For eddhe possible contexts, the entropy
decoder 24 manages symbol probabilities, i.e., adoaiility estimate for each possible
symbol of the symbol alphabet based on which theopy decoder 24 operates. The
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“managing” involves the aforementioned continuopdates of the symbol probabilities of

the contexts so as to adapt the symbol probaBildgsociated with each context to the
actual picture content. By this measure, the sympbababilities are adapted to the actual
probability statistics of the symbols.

Another circumstance where attributes of a neighdod influence the reconstruction of a
current portion of picture 10 such as a curreniraptblock 30, is the predictive decoding

within predictor 28. The prediction is restrictedt ronly to prediction content within the

current coding block 30, but may also encompassligiien of parameters contained

within the data stream 12 for the current codingckl30 such as prediction parameters,
partitioning data, or even transform coefficierfibat is, predictor 28 may predict picture
content or such parameters from the aforementioreeghborhood so as to obtain the
written signal which is then combined with the petidn residual as obtained by module
26 from data stream 12. In case of predicting patars, predictor 28 may use syntax
elements contained within the data stream as predicesiduals so as to obtain the actual
value of the prediction parameter. Predictor 2&uke latter prediction parameter value in
order to obtain the just-mentioned prediction sigwabe combined with the prediction

residual in combiner 27.

The aforementioned “neighborhood” primarily covehe upper left-hand part of the
circumference of the current portion to which tlyatax element currently to be entropy-
decoded or the syntax element to be currently ptedi belongs. In Fig. 25, such
neighborhood is illustrated at 34 exemplarily foeaoding block 30.

A coding/decoding order is defined among the codilugks 30: at a coarsest level, the
code treeblocks 32 of picture 10 are scanned taa erder 36, here illustrated as a raster
scan leading row-wise from top to bottom. Withircke@ode treeblock, the coding blocks
30 are scanned in a depth first traversal orden so@at, in each hierarchy level, the code
treeblock 32 is substantially scanned also in #gerascan leading row-wise from top to
bottom.

The coding order defined among the coding blocksh&@nonizes with the definition of
the neighborhood 34 used for deriving an attribntehe neighborhood so as to select
contexts and/or perform spatial prediction in thla@ neighborhood 34 mostly covers
portions of picture 10 which have already beenexthjp decoding in accordance with the
coding order. Whenever a portion of neighborhoodcB84ers non-available portions of
picture 10, default data is, for example, beingdusstead. For example, a neighborhood
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template 34 may extend outside picture 10. Anothessibility is, however, that the
neighborhood 34 extends into a neighboring slice.

Slices divide-up, for example, picture 10 alongoding/decoding order defined along the
coding blocks 30, i.e. each slice is a continuaus-interrupted sequence of coding blocks
30 along the aforementioned coding block order=itn 25, the slices are indicated with

dash-dot-lines 14. The order defined among theslie! results from their composition of

runs of sequential coding blocks 30 as outlinedrabl the syntax element portion 18 of a

certain slice 14 indicates that same is to be dstadthe first mode, then entropy-decoder
24 allows the context adaptive entropy decodingeiave contexts across slice boundaries.
That is, the spatial neighborhood 34 is used irotd select contexts in entropy decoding
data concerning the current slice 14. In case @f &, for example, slice number 3 may be
the currently decoded slice, and in entropy-deapdiyntax element concerning coding

block 30 or some portion contained therein, theogyt decoder 24 may use attributes
stemming from decoding portions within the neighibgrslice such as slice number 1. The
predictor 28 behaves the same: for slices beintheffirst mode 20, predictor 28 uses
spatial prediction across the slice boundary ehliegthe current slice.

For slices, however, having the second mode 2Z&ded therewith, i.e. for which syntax
element portion 18 indicates the second mode 22omn decoder 24 and predictor 28
restrict the derivation of entropy contexts anddpmtve decoding to depend on attributes
relating to portions lying within the current slicaly. Obviously, the coding efficiency
suffers from this restriction. On the other hanites of the second mode 22 allow for
disrupting interdependencies between the sequehséces. Accordingly, slices of the
second mode 22 may be interspersed within pictQrerlwithin a video to which picture
10 belongs in order to allow for resynchronizafpmints. It is not necessary, however, that
each picture 10 has at least one slice in the secmue 22.

As already mentioned above, first and second mddlearad 22 also differ in their
initialization of the symbol probabilities. Slicesded in the second mode 22, result in the
entropy decoder 24 re-initializing the probabibtimdependent of any previously decoded
slice, i.e. previously decoded in the sense of draer defined among the slices. The
symbol probabilities are, for example, set to diéfaalues known to both encoder and
decoder side, or initialization values are contdimgthin slices coded in a second mode
22.
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That is, for slices being coded/decoded in a secoode 22, the adaptation of the symbol
probabilities always starts immediately from thegibaing of these slices. Accordingly,
the adaptation accuracy is bad for these slicdsedbeginning of these slices.

Things are different in slices coded/decoded infitts¢ mode 20. For the latter slices, the
initialization of the symbol probabilities perforohéoy entropy decoder 24 depends on
saved states of symbol probabilities of a previpustcoded slice. Whenever a slice
coded/decoded in a first mode 20, has its beginriorgexample, positioned other than the
left-hand side of picture 10, i.e. not at the diden where the raster scan 36 starts running
row-wise before stepping to the next row bottomesgarthe symbol probabilities as
resulting at the end of entropy decoding the imm@ietly preceding slice are adopted. This
is illustrated, for example, in Fig. 2 by an arr®® for slice no. 4. Slice no. 4 has its
beginning somewhere in between the right-hand aidkleft-hand side of picture 10 and
accordingly, in initializing the symbol probabié8, entropy decoder 24 adopts, in
initializing the symbol probabilities, the symbotopabilities which were obtained in
entropy decoding the immediately preceding sliee,slice no. 3, until the end thereof, i.e.
including the continuous update of symbol prob#ébgi during the entropy decoding of
slice 3 until its end.

Slices having the second mode 22 associated thbrewhich have, however, the
beginning at the left-hand side of picture 10 sashfor example, slice no. 5, do not adapt
the symbol probabilities as obtained after finighithe entropy decoding of the
immediately preceding slice no. 4, because thisldvpuevent decoder 5 from parallelly
decoding picture 10 by use of wavefront procesdiagher, as outlined above, the entropy
decoder 24 adapts the symbol probabilities as mddaafter finishing entropy decoding the
second - in encoding/decoding order 36 — code livekIB2 in the immediately preceding
—in encoding/decoding order 36 — code treeblockaswlustrated by an arrow 40.

In Fig. 25, for example, picture 10 was exemplaghrtitioned into three rows of code
treeblocks and four columns of coding tree roottkd032 and each code treeblock row
was sub-divided into two slices 14, so that theirb@gg of every second slice coincides
with the first coding unit in coding unit order afrespective code treeroot block row. The
entropy decoder 24 would, accordingly, be ablede wavefront processing in decoding
picture 10, by decoding each code tree root blamk m parallel, with commencing
decoding these code tree root block rows in a stagigmanner, starting with a first or
topmost code tree root block row, then the secand,then the third.
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Naturally, the partitioning of blocks 32 in a reste manner into further coding blocks 30
is optional and accordingly, in a more general sgbfocks 32 could be called “coding
blocks” as well. That is, more generally speakipgiture 10 may be partitioned into
coding blocks 32 arranged in rows and columns awhly a raster scan order 36 defined
among each other, and the decoder 5 may be coeditierassociate each slice 14 with a
continuous subset of the coding blocks 32 in tisterascan order 36 so that the subsets
follow each other along the raster scan order 3&aordance with the slice order.

As became also clear from the above discussiongeiceder 5 or, more specifically, the
entropy decoder 24 may be configured to save symimddabilities as obtained in context
adaptive entropy decoding any slice up to a secolthg block in a coding block row in
accordance with the raster scan order 36. In lizitiey the symbol probabilities for the
context adaptive entropy decoding of a currenteshiaving the first mode 20 associated
therewith, the decoder 5, or, more specificallye #ntropy decoder 24, checks as to
whether a first coding block 32 of the continuoudset of coding blocks 32 associated
with the current slice is a first coding block 32a coding block row in accordance with
the raster scan order 36. If so, the symbol prditesi for the context adaptive entropy
decoding of the current slice is initialized as lekped with respect to arrow 40, namely
depending on the saved symbol probabilities asimddain context entropy decoding the
previously decoded slice up to the second codingkiin coding block row in accordance
with the raster scan order 36. If not, initialipati of the symbol probabilities for the
context adaptive entropy decoding of the curreisesk performed depending on symbol
probabilities as obtained in context adaptive gntrdecoding the previously decoded slice
up to the end of the previously decoded slice aiceording to arrow 38. Again, in case of
initialization according to 38, the saved statetla end of entropy decoding the
immediately preceding slice in slice order 36 isantewhereas in case of initialization 40,
it is that previously decoded slice comprising thied of the second block of the
immediately preceding row of block 32 in block ar@é.

As illustrated by dashed lines in Fig. 24, the discanay be configured to be responsive to
the syntax element portion 18 within the curremtesbf the slices 14 so as to decode the
current slice in accordance with one of at leasteghmodes. That is, there may be a third
mode 42 beside the other ones 20 and 22. The ok 42 may differ from the second
mode 22 in that prediction across slice boundaigsallowed, whereas entropy
coding/decoding is still restricted so as to nossrslice boundaries.

Above, two embodiments were presented regardingsyiéax element portion 18. The
table below summarizes these two embodiments.
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embodiment 1 embodiment 2
syntax element portion | dependent_slice_flag, | dependent_slice flag
no_cabac reset flag
mode 1 dependent_slice_flag = 1,dependent_slice_flag = 1,
no_cabac reset flag=1
mode 2 dependent_slice_flag = 0 dependent_slice _flag =0
mode 3 dependent_slice_flag = 1|,dependent_slice_flag =1,
no_cabac reset flag =0 | cabac_independent flag = |[1,
tiles_or_entropy_coding_sync_idc
=3

In the one embodiment, the syntax element port®mslformed by dependent_slice flag
individually, while in the other embodiment, thendaination of dependent_slice_flag and
no_cabac reset flag forms the syntax element portReference is made to the
synchronization process for context variables as ds the initialization of symbol
probabilities depending on saved states of symbabgbilities of a previously decoded
slice is concerned. In particular, the decoder mag configured to, if
last_ctb_cabac_init flag=0 and tiles_or_entropyig sync _idc=2, save symbol
probabilities as obtained in context adaptive entrdecoding the previously decoded slice
up to a second coding block in a row in accordanitk the raster scan order, and, in
initializing the symbol probabilities for the corteadaptive entropy decoding of the
current slice in accordance with the first modesathas to whether a first coding block of
the continuous subset of coding blocks associat#id twe current slice is a first coding
block in a row in accordance with the raster scateQ and, if so, initialize the symbol
probabilities for the context adaptive entropy dbéig of the current slice depending on
the saved symbol probabilities as obtained in cdnsslaptive entropy decoding the
previously decoded slice up to a second codingkloa row in accordance with the raster
scan order, and, if not, initialize the symbol mblities for the context adaptive entropy
decoding of the current slice depending on symbsobabilities as obtained in context
adaptive entropy decoding the previously decodaxt slp to the end of the previously
decoded slice.

Thus, in other words, in accordance with the sea@mbodiment for a syntax, the decoder
would reconstruct picture 10 from datastream 1@ wahich the picture is coded in units of
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slices 14 into which the picture (10) is partitidnevherein the decoder is configured to
decode the slices 14 from the datastream 12 inrdanoe with a slice order 16 and the
decoder is responsive to a syntax element port8ymamely dependent_slice_flag within
a current slice of the slices, so as to decodetinent slice in accordance with one of at
least two modes 20, 22. In accordance with a #@sbf the at least two modes, namely if
dependent_slice_flag=1, the decoder decodes thentuslice from the datastream 12
using context adaptive entropy decoding 24 inclgdirderivation of contexts across slice
boundaries, a continuous update of symbol proligsiliof the contexts and an
initialization 38, 40 of the symbol probabilitieepending on saved states of symbol
probabilities of a previously decoded slice, anedptive decoding across the slice
boundaries, and in accordance with a second 2hefat least two modes, namely if
dependent_slice_flag=0, the decoder decodes thentuslice from the datastream 12
using context adaptive entropy decoding with resibg the derivation of the contexts so
as to not cross the slice boundaries, a continuguaste of symbol probabilities of the
contexts and an initialization of the symbol probaés independent on any previously
decoded slice, and predictive decoding with retstigcthe predictive decoding so as to not
cross the slice boundaries. The picture 10 mayabttipned in coding blocks 32 arranged
in rows and columns and having a raster scan @@ elefined among each other, and the
decoder is configured to associate each slice 14 aicontinuous subset of the coding
blocks 32 in the raster scan order 36 so thatubeeis follow each other along the raster
scan order 36 in accordance with the slice ordée d@ecoder may be configured to,
namely responsive to tiles_or_entropy_coding_syu=2, save symbol probabilities as
obtained in context adaptive entropy decoding tieeipusly decoded slice up to a second
coding block 32 in a row in accordance with thaeascan order 36, and, in initializing
the symbol probabilities for the context adaptiverepy decoding of the current slice in
accordance with the first mode, check as to whedhinst coding block of the continuous
subset of coding blocks 32 associated with theeotirslice is a first coding block 32 in a
row in accordance with the raster scan order, ahdo, initialize 40 the symbol
probabilities for the context adaptive entropy dbog of the current slice depending on
the saved symbol probabilities as obtained in ocdnselaptive entropy decoding the
previously decoded slice up to a second codingkdloa row in accordance with the raster
scan order 36, and, if not, initialize 38 the syinpbabilities for the context adaptive
entropy decoding of the current slice dependingsymbol probabilities as obtained in
context adaptive entropy decoding the previouslgoded slice up to the end of the
previously decoded slice. The decoder may be corddjto be responsive to the syntax
element portion (18) within the current slice oé thlices 14, so as to decode the current
slice in accordance with one of at least three rmodamely in the one of the first 20 and a
third mode 42 or a second mode 22, wherein thed#gds configured to, in accordance
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with  the third mode 42, namely if dependent _dlice flag=1 and
tiles_or_entropy_coding_sync_idc=3, decode theeatrslice from the datastream using
context adaptive entropy decoding with restrictihg derivation of the contexts so as to
not cross the slice boundaries, a continuous upafaggmbol probabilities of the contexts
and an initialization of the symbol probabilitiesdependent on any previously decoded
slice, and predictive decoding across the slicenlaties, wherein the one of the first and
third modes is selected depending on a syntaxesilemamely cabac_independent_flag.
The decoder may further be configured to, namely if
tiles_or_entropy_coding_sync_idc=0,1,and 3 (“3” whmbac_independent flag=0), save
symbol probabilities as obtained in context adaptentropy decoding the previously
decoded slice up to an end of the previously detatiee, and, in initializing the symbol
probabilities for the context adaptive entropy dbing of the current slice in accordance
with the first mode, initialize the symbol probatids for the context adaptive entropy
decoding of the current slice depending on symbobabilities saved. The decoder may
be configured to, namely if tiles_or_entropy_codisgnc_idc=1, in the first and second
mode, restrict the predictive decoding within tile® which the picture is sub-divided.

Naturally, an encoder is able to set the aboveepted syntax accordingly in order to
enable the decoder to gain the above outlined ddgas. The encoder may a parallel
processing, such as a multi-core, encoder, but doeseed to be. For encoding picture 10
into datastream 12 in units of slices 14, the eacadbuld be configured to encode the
slices 14 into the datastream 12 in accordance slide order 16. The encoder would
determine syntax element portion 18 for, and c@uheesinto, a current slice of the slices so
that the syntax element portion signals the cursbog to be coded in accordance with one
of the at least two modes 20, 22, and if the curskee is to be coded in accordance with a
first 20 of the at least two modes, encode theeturslice into the datastream 12 using
context adaptive entropy encoding 24 including aivddon of contexts across slice
boundaries, a continuous update of symbol proliesiliof the contexts and an
initialization 38, 40 of the symbol probabilitieepending on saved states of symbol
probabilities of a previously encoded slice, anedptive encoding across the slice
boundaries, and if the current slice is to be cadeatcordance with a second 22 of the at
least two modes, encode the current slice intodttastream 12 using context adaptive
entropy encoding with restricting the derivationtloé contexts so as to not cross the slice
boundaries, a continuous update of symbol proligsiliof the contexts and an
initialization of the symbol probabilities indepeamd on any previously encoded slice, and
predictive encoding with restricting the predictigacoding so as to not cross the slice
boundaries. While the picture 10 may be partitiomedoding blocks 32 arranged in rows
and columns and having a raster scan order 36ateimong each other, the encoder may
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be configured to associate each slice 14 with dmeous subset of the coding blocks 32 in
the raster scan order 36 so that the subsets f@émh other along the raster scan order 36
in accordance with the slice order. The encoder iayconfigured to save symbol
probabilities as obtained in context adaptive gntrencoding the previously encoded slice
up to a second coding block 32 in a row in accacdamith the raster scan order 36, and, in
initializing the symbol probabilities for the comrteadaptive entropy encoding of the
current slice in accordance with the first modesathas to whether a first coding block of
the continuous subset of coding blocks 32 assatiaith the current slice is a first coding
block 32 in a row in accordance with the rastemsceder, and, if so, initialize 40 the
symbol probabilities for the context adaptive epyroencoding of the current slice
depending on the saved symbol probabilities asimddain context adaptive entropy
encoding the previously encoded slice up to a scoding block in a row in accordance
with the raster scan order 36, and, if not, ind@l38 the symbol probabilities for the
context adaptive entropy encoding of the curreicesllepending on symbol probabilities
as obtained in context adaptive entropy encodiregpiteviously decoded slice up to the
end of the previously encoded slice. The encodsr Imeaconfigured to be code the syntax
element portion (18) into the current slice of glees (14) so that the current slice is
signaled to be coded thereinto in accordance with af at least three modes, namely in
the one of the first (20) and a third mode (42a@econd mode (22), wherein the encoder
is configured to ** in accordance with the third deo(42), encode the current slice into the
datastream using context adaptive entropy encoditiy restricting the derivation of the
contexts so as to not cross the slice boundariesordginuous update of symbol
probabilities of the contexts and an initializatiohthe symbol probabilities independent
on any previously encoded slice, and predictiveirgpdacross the slice boundaries,
wherein the encoder distinguishes between the éribeofirst and third modes being
using a syntax element, namely cabac_independagi fir example. The encoder may be
configured to determine a generic syntax elemeoh |18 dependent_slices_present_flag
and write same into the datastream with operatingnie of at least two generic operating
modes depending on the generic syntax element,Ipamieh, according to a first generic
operating mode, performing coding the syntax eldnyortion for each slice, and,
according to a second generic operating mode, talgyi using a different one of the at
least two modes other than the first mode. The @grcmay be configured to according to
the first and second modes, inevitably und uniofgedly continue continuously updating
the symbol probabilities from a beginning to an ehthe current slice. The encoder ay be
configured to save symbol probabilities as obthimecontext adaptive entropy encoding
the previously encoded slice up to an end of thevipusly encoded slice, and, in
initializing the symbol probabilities for the comrteadaptive entropy encoding of the
current slice in accordance with the first modétjahze the symbol probabilities for the
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context adaptive entropy encoding of the curreicesllepending on symbol probabilities
saved. And the encoder may, in the first and secoode, restrict the predictive encoding
within tiles into which the picture is sub-divided.

A possible structure of an encoder is depicted im B6 for sake of completeness.
Predictor 70 operates almost the same as pred8tare. performs the prediction, but also
determines, by optimization, for example, the cgdoaramters including the prediction
parameters and modes. Modules 26 and 27 also aectime decoder. Subtractor 72
determines the lossless prediction residual whickthen, lossy - by use of quantization
and, optionally, using spectrally decomposing ti@amsation -, coded in the
transformation and quantization module 74. Entrawger 76 performs the context
adaptive entropy encoding.

In addition to the above concrete syntax exam@edifferent example is outlined below
with presenting the concordance between terms hisesinafter and terms used above.

In particular, without having particularly outlinembove, dependent slices are not only
“dependent” in that same allow for exploiting knedtie known from outside its
boundary, such as, as outlined above, have themntontexts adapted faster, or achieve a
better spatial prediction due to allowance of drag#ts boundary. Rather, in order to save
rate cost having to be spent for defining the shieaders by splitting-up the picture into
slices, dependent slices adopt a part of the Bkagler syntax from previous slices, i.e. this
slice syntax header portion is not transmitted ragai dependent slices. This is shown for
example, in Fig. 16 at 100 and in Fig. 21 at 1@20&ding to which the slice type, for
example, is adopted from the previous slice. By theasure, the sub-division of a picture
into slices, such as an independent slice and depeslices, as less expensive in terms of
bit-consumption expensive.

It is the just-mentioned dependency which leadsthm below outlined example, to a
slightly different wording: slices are defined asityportions of a picture at which slice
header syntax is individually settable. Accordinglljces are composed of one — using the
nomenclature above - independent/regular/normak sihow called independent slice
segment and no, one or more — using the nomenelatoove - dependent slices, now
called dependent slice segments.

Fig. 27, for example, shows a picture to be parigd into two slices, one formed by slice
segments 14to 14 and the other solely formed by slice segment The indices 1 to 4
show the slice order in coding order. Fig. 28a arghow different example in case of a
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sub-division of picture 10 into two tiles, with, agase of Fig. 28a, one slice formed by all
five slice segments 14, covering both tileg 88d 5Q — the index again raising in coding
order -, and, in case of Fig. 28a, two slices fatrhg slice segments 14nd 14and 14
and 14, respectively, subdividing tile 30and another slice formed by slice segments 14
145 covering tile 56.

The definitions could be as follows:

dependent slice segment: A slice segmerfor which the values of sonsyntax elementsf
the slice segment headare inferred from the values for the precedimdependent slice
segmenin decoding order — formerly, in the above embodimeargled a dependent slice

independent slice segment: A slice segmerfor which the values of thgyntax elementsf
the slice segment headare not inferred from the values for a precedihge segment —
formerly, in the above embodiments- called a norshaé

dice: An integer number ofoding tree unitcontained in onéndependent slice segment
and all subsequertependent slice segmer(is any) that precede the nektdependent
slice segmen(if any) within the samaccess unit/picture

dlice header: Theslice segment headef theindependent slice segmehit is a current
slice segmenor is theindependent slice segmethiat precedes a curredépendent slice
segment

dlice segment: An integer number o€oding tree unitordered consecutively in thée
scanand contained in a singAL unit the division of eaclpictureinto slice segments is
apartitioning.

slice segment header: A part of a codedslice segmentontaining the data elements
pertaining to the first or aloding tree unitsepresented in th&ice segment

The signaling of the “modes” 20 and 22, i.e. “degmmt slice segment” und “independent
slice segment” could be as follows:
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In some extra NAL units such as PPS, a syntax eleroeuld be used to signal as to
whether usage of dependent slices is made or na éertain picture of even a sequence
for certain pictures:

dependent_slice_segments enabled flag equal to 1 specifies the presence of the syntax
element  dependent_slice_segment_flag in the sliceegment  headers.
dependent_slice_segments_enabled_flag equal tce€ifisg the absence of the syntax
element dependent_slice_segment_flag in the shigment headers.

dependent_slice_segments _enabled flag is similar in scope to the formerly described
dependent_slices present flag .

Similarly, dependent_dlice flag could be calledlependent_slice segment_flag so as to
account for the different nomenclature with repsedlices.

dependent_slice_segment_flag equal to 1 specifies that the value of each dmgment
header syntax element that is not present in threruslice segment’s header is inferred to
be equal to the value of the corresponding sligenemt header syntax element in the slice
header, i.e. the slice segment heaer of the pregéailependent slice segment.

In the same level, such as picture level, the Walg syntax element could be included:

entropy_coding_sync_enabled flag equal to 1 specifies that a specific synchronirati
process for context variables is invoked beforeodewy the coding tree unit which
includes the first coding tree block of a row ofdowy tree blocks in each tile in each
picture referring to the PPS, and a specific sqagcess for context variables is invoked
after decoding the coding tree unit which incluttesssecond coding tree block of a row of
coding tree blocks in each tile in each picture eméig to the PPS.
entropy_coding_sync_enabled_flag equal to 0 smgecifinat no specific synchronization
process for context variables is required to belked before decoding the coding tree unit
which includes the first coding tree block of a rofaxcoding tree blocks in each tile in each
picture referring to the PPS, and no specific gtferarocess for context variables is
required to be invoked after decoding the codireg tunit which includes the second
coding tree block of a row of coding tree blockseach tile in each picture referring to the
PPS.

It is a requirement of bitstream conformance thahe t value of
entropy_coding_sync_enabled_flag shall be the Jama&l PPSs that are activated within
a CVs.
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When entropy_coding_sync_enabled_flag is equaldadlLthe first coding tree block in a
slice is not the first coding tree block of a rod amding tree blocks in a tile, it is a
requirement of bitstream conformance that the ¢tasting tree block in the slice shall
belong to the same row of coding tree blocks agitstecoding tree block in the slice.
When entropy_coding_sync_enabled_flag is equaldadlLthe first coding tree block in a
slice segment is not the first coding tree block odw of coding tree blocks in a tile, it is a
requirement of bitstream conformance that the dasling tree block in the slice segment
shall belong to the same row of coding tree blaskshe first coding tree block in the slice
segment.

As already described, the coding/decoding order rgmine CTBs 30 leads in raster
manner row-wise from top to bottom starting witlarsaing the first tile with then visiting
the next tile, if more than one tile is presenthiea picture.

The decoder 5 — and the encoder accordingly - astfollows in entropy decoding
(coding) the slice segments 14 of the picture:

Al) Whenever a currently decoded/coded syntax etesynEl is the first syntax element
of a tile 50, slice segment 14 or row of CTB, aitiatization process of Fig. 29 is
commenced.

A2) Otherwise, decoding of this syntax element $aféace using the current entropy
contexts.

A3) If the current syntax element was the lastaymiement in a CTB 30, then an entropy
context storage process as shown in Fig. 30 is cmed.

A4) The process proceeds at Al) with the next syatement.

In the initialization process, it is checked 200etvter synEl is the first syntax element of a
slice segment 14 or tile 50. If yes, the contexts iaitialized independent from any

previous slice segment in step 202. If no, is kbd204 whether synEl is the first syntax
element of a row of CTBs 30 amdtropy_coding_sync_enabled flag equals one. If yes,

it is checked 206 whether in the previous line ®B8 30 of equal tile, the second CTB 30
is availble (see Fig. 23). If yes, a context admptccording to 40 is performed in step 210
using the currently stored context probabilities tigpe 40 adoptions. If not, contexts are
initialized independent from any previous slicesegt in step 202. If the ckeck 204

reveals no, then it is checked in step 212, whethgtEl is the first syntax element in the
first CTB of a dependent slice segment 14 and vdretlependent_slice_segement_flag
equals one, and if yes, context adoption accorthir#g is performed in step 214 using the
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currently stored context probabilities for type &Boptions. After any of steps 214, 212,
210 and 202, the decoding/coding is actually conuaén

Dependent slice segments with dependent_slice_segeflag equaling one, thus help to
further decrease coding/decoding delay with almostoding efficiency penalty.

In the storage process of Fig. 30, it is checkedtap 300 whether the coded/decoded
synEl is the last syntax element of a second CTBo8(a row of CTBs 30, and
entropy_coding_sync_enabled flag equals one. If yes, the current entropy contex¢s ar
stored in step 302, i.e. the entropy coding prdhiss of the contexts, in a storage which
is spcific for adoptions a la 40. Similarly, itéeecked in step 304, in addition to steps 300
or 302, whether the coded/decoded synEl is thesiagtx element of a a slice segment 14,
and dependent_slice_segement_flag equals ones]ftlge current entropy contexts are
stored in step 306, i.e. the entropy coding prdhisgs of the contexts, in a storage which
is spcific for adoptions a la 38.

It is noted that any check querying as to whethsyrdgax element is the first synEl of a
CTB row, exploits for example, the syntax elemeltesadress 400 within the slice
segment’s headers, i.e. a start syntax elementaliegea position of a begin of the
respective slice segment along the deocoding order.

In reconstructing the picture 10 from the datasird2 using WPP processing, the decoder
is able to exploit exactly the latter start synfgortion 400 so as to retrieve the WPP
substream entry points. Since each slice segmanpriges a start syntax portion 400
indicating the position of a decoding begin of tespective slice segment within the
picture 10, the decoder is able to identify theryemoints of the WPP substreams into
which the slice segments are grouped, by identifyirsing the slice segments’ start syntax
portions 400, slice segments starting at a lefdhside of the picture. The decoder may
then, in parallel, decode the WPP substreams itaggered manner with sequentially
commencing the decoding of the WPP substreamscior@ance with the slice order. The
slice segments may even be smaller than one piatigith, i.e. one row of CTBs, so that
their transmission may be interleaved among the \M#3treams so as to further reduce
the overall transmission end-to-end delay. TheoHac provides each slice (14) with a
start syntax portion (400) indicating a positionaotoding begin of the respective slice
within the picture (10) and would group the slite® WPP substreams so that for each
WPP substream, the first slice in slice order statta left hand side of the picture. The
encoder may even, by itself, use WPP processingnooding the picture: the encoder
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parallel encodes the WPP substreams in a staggereder with sequentially commencing
the encoding of the WPP substreams in accordartbethg slice order.

By the way, the latter aspect of using the sliggnsnt’s start syntax portions as a means
for locating the WPP substream’s entry points, rnayused without the dependent slice

concept.

It would be feasible to all for parallel processppigture 10, by setting above variables as

follows:
tiles_ena tiles_ena| entropy_| tiles_ena| entropy_
bled_fla | bled_fla | cooding | bled_fla | cooding
g== g==1 _sync_e|g==1 _sync_e
nable fl nable fl
ag == ag ==
dependent slice segment flag | 0/1 0/1 0/1 0/1 0/1
Picture subdivision into tiles No Yes No Yes No
Slice subdivision with entryNo Yes Yes No No
points to indicate start of WPP
substream or Tile.
parallel processing possible inslices inTiles PRVP | inTiles | WPP

It would even feasible to mix WPP with tile paxiting. In that case, one could treat tiles
as individual pictures: each which uses WPP wdeldtomposed of a slice having one or
more dependent slice segments, and the check pn3§@ and 208 would refer to the

second CTB in the above CTB row in the same tigt @s steps 204 and Al would refer to
the first CTB 30 in the CTB 30 row of the currei!tin that case, above table could be
extanded:

tiles_e | tiles_e | entrop | tiles_e | entrop | entrop | entrop
nabled | nabled | y coo | nabled|y coo |y coo |y coo
_flag | _flag= | ding_s | _flag= | ding_s | ding_s | ding_s
=1 ync_en| =1 ync_enj ync_en| ync_en
able fl able fl | able fl | able fl
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ag == ag==1 ag==1 ag-=31
dependent_slice segm | 0/1 0/1 0/1 0/1 0/1 0/1 0/1
ent flag
Picture subdivision into No Yes No Yes No Yes Yes
tiles
Slice subdivision with No Yes Yes No No No Yes
entry points to indicate (each | (each
start of WPP substream substre| tile in
or Tile. am of| a
a tile| separat
in its|e slice
own and
depend entry
ent points
slice) | for
WPP
substre
ams
within
the
slice
of the
tile)
parallel processingin in WPP in WPP | WPP | WPP
possible slices | Tiles Tiles substre| substre
ams ams
within | within
Tiles | Tiles

As a brief note, the latter extension would haw®o dleen possible with embodiment 2.
Embidment 2 allows the following processing:

Syntax
level

tiles_or_entropy_coding_sync_idger 0 1 2 3
picture
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cabac_independent_flag per slice not | not not 0/1
present | present | present

dependent_dlice flag per slice | 0/1 0/1 0/1 0/1

Picture subdivision into tiles No Yes No No

Slice subdivision with entry No Yes Yes No

points to indicate start of WPP

substream or Tile

parallel processing possible in slices in Tiles PRV Entropy
coding
of slices

But with the following extensions, the table belaauld result:

Add to semantics of picture parameter set:

If tiles_or_entropy_coding_sync_idc is equal tedch, but the first row of CTBs shall be

contained in a different slice with dependent shieg) set to 1. CTBs of different rows
must not be present in the same slice. There magdve than one slice present per CTB

If tiles_or_entropy_coding_sync_idc is equal tdHg CTBs of each, but the first tile must

be contained in different slice. CTBs of differéifds must not be present in the same slice.

5
row.
10
There may be more than one slice present per tile.
See Fig. 31, for further explanation.
15

That is, above table may be extended:

Synta

X

level
tiles_or_entropy_codin per 0 1 2 3 5 4 6 7
g_sync_idc pictur

e
cabac_independent_flaper not | not not |0/1 | not |not not not
g slice | pres | presen| pres pres | presen| present present

ent |t ent ent |t

dependent_dlice flag | per 0/1 | 0/1 0o/1A | O0/1| 0/1] 0/1 0/1 0/1
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slice
Picture subdivision into No | Yes No No | Yes| No Yes Yes
tiles
Slice subdivision with No | Yes Yes | No No No No Yes
entry points to indicate (each | (each
start of WPP substream substre| tile in
or Tile. am of|a
a tile| separat
in its|e slice
own and
depend entry
ent points
slice) | for
WPP
substre
ams
within
the
slice
of the
tile)
parallel processing in in WP | Entr |in WPP | WPP | WPP
possible slice | Tiles | P opy | Tiles substre| substre
S codi ams ams
ng within | within
of Tiles | Tiles
slice
S

With regard the above embodiments, it should besdhdhat the decoder could be
configured to, for example, responsive to tileseotropy coding_sync_idc=1,2, in the
first and second mode, read information from curstice revealing a subdivision of the

current slice into parallel subsections, whereimalel subsections could be WPP

substreams or tiles, cease the context adaptivepmntecoding at the end of the first
parallel subsection and resume the context adaptitrepy decoding anew at a beginning
of any subsequent parallel subsection includinghenfirst mode, an initialization of the
symbol probabilities depending on saved statesywoibsl probabilities of the preceding
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parallel subsection and, in the second mode, dmlination of the symbol probabilities
independent from any previously decoded slice ang previously decoded parallel
subsection.

Thus, above description revealed methods for lolaydencoding, decoding, encapsulation
and transmission of structured video data as peavigy the new HEVC coding standard,
such as structured in tiles, Wavefront ParallelcBssing (WPP) substreams, slices or
entropy slices.

Especially, it has been defined how to transporalfel encoded data in a conversational
scenario in order to gain minimum latency in theaging, decoding and transmission
process. Therefore it has been described a pipkelpaeallel coding, transmission and
decoding approach in order to allow minimal delgpleations like gaming, remote

surgery, etc.

Furthermore, the above embodiments closed the gayavefront Parallel Processing
(WPP) to make it useable in low delay transmissgmenarios. Therefore, a new
encapsulation format for WPP substreams 0 has pexsented, a dependent slice. This
dependent slice may contain Entropy Slice dataPd\&ubstream, a full row of LCUs, just
a fragment of a slice, where the prior transmitikce header also applies to the contained
fragment data. The contained data is signaledarstib slice header.

It is finally noted, that the naming for the newceb could also be “Subset / Light weight
slices”, but the name “Dependent Slice” has beenddo be better.

A signaling has been presented which describesetted of parallelization in coding and
transport.

Although some aspects have been described in thiextoof an apparatus, it is clear that
these aspects also represent a description ofdtnesponding 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.
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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 ptadus 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 thehoés 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, electronigadl 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 illisstréor 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 for reconstructing a picture from aadfieam into which the picture is
coded in units of slices into which the picturg@éastitioned, using WPP processing,
wherein the decoder is configured to decode theeslifrom the datastream in
accordance with a slice order, wherein each slreprises a start syntax portion
indicating a position of a decoding begin of thepective slice within the picture
and the decoder is configured to

identifying entry points of WPP substreams into abhthe slices are grouped, by
identifying, using the slices’ start syntax porsomslices starting at a left hand side
of the picture,

parallel decoding the WPP substreams in a stagg®ther with sequentially
commencing the decoding of the WPP substreams dordance with the slice
order.

Decoder of claim 1, wherein the data stream dpi$ting information which is
different for luma and chroma.

Encoder for coding a picture into a datastréaim which the picture is coded in

units of slices into which the picture is partiteah using WPP processing, wherein
the encoder is configured to encode the slices tiodatastream in accordance
with a slice order, wherein the encoder is confgluto provide each slice with a
start syntax portion indicating a position of a iogdbegin of the respective slice

within the picture and the encoder is configured to

group the slices into WPP substreams so that fon 8PP substream, the first
slice in slice order starts at a left hand sidéhefpicture, and

parallel encode the WPP substreams in a staggessthan with sequentially
commencing the encoding of the WPP substreams dordance with the slice
order.

Encoder of claim 3, wherein the data stream dpi$ting information which is
different for luma and chroma.
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Method for reconstructing a picture from a datam into which the picture is
coded in units of slices into which the picturg@éastitioned, using WPP processing,
wherein the method comprises decoding the slicesn fithe datastream in
accordance with a slice order, wherein each slreprises a start syntax portion
indicating a position of a decoding begin of thepective slice within the picture
and the method further comprises

identifying entry points of WPP substreams into aebhthe slices are grouped, by
identifying, using the slices’ start syntax porsomslices starting at a left hand side
of the picture,

parallel decoding the WPP substreams in a stagg®ther with sequentially
commencing the decoding of the WPP substreams dordance with the slice
order.

Method for coding a picture into a datastreamo which the picture is coded in
units of slices into which the picture is partiteah using WPP processing, wherein
the method comprises encoding the slices into #tastream in accordance with a
slice order, and providing each slice with a stgritax portion indicating a position
of a coding begin of the respective slice withia gicture and further

grouping the slices into WPP substreams so thaédoh WPP substream, the first
slice in slice order starts at a left hand sidéhefpicture, and

parallel encoding the WPP substreams in a stagg®ther with sequentially
commencing the encoding of the WPP substreams dordance with the slice
order.

Computer program having a program code for pevifty, when running on a
computer, a method according to claim 5 or 6.

Digital storage medium storing a datastrearm wich a picture is coded in units
of slices into which the picture is partitioned, exin the slices are decodable,
using WPP processing, from the datastream in aaocel with a slice order,
wherein each slice comprises a start syntax poritaiicating a position of a
decoding begin of the respective slice within tietyse so that a decoder is able to
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identify entry points of WPP substreams into whtble slices are grouped, by
identifying, using the slices’ start syntax porsomslices starting at a left hand side
of the picture,

in parallel decode the WPP substreams in a stagigeenner with sequentially
commencing the decoding of the WPP substreams dordance with the slice
order.

Digital storage medium of claim 8, wherein tdhata stream has splitting
information which is different for luma and chroma.



