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(57) Abstract: A video encoder is configured to encode, by block based predictive encoding, pictures of a video into coding data,
wherein the block based predictive encoding comprises an intra-picture prediction. The video encoder is configured to use, for the
intra-picture prediction, for encoding a prediction block of a picture, a plurality of nearest reference samples of the picture directly
neighboring the prediction block and a plurality of extended reference samples, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest reference sample of the plurality of reference
samples. The video encoder is further configured to sequentially determine an availability or unavailability of each of the plurality of
nearest reference samples and to substitute a nearest reference sample being determined as unavailable by a substitution sample. The
video encoder is configured to use the substitution sample for the intra-picture prediction.
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Extended Reference Intra-Picture Prediction

The present invention relates to video coding, in particular hybrid video coding comprising an
intra-picture prediction. The present invention further relates to a video encoder, a video decoder

and methods for video encoding, decoding, respectively.

H.265/HEVC is video codec which already provides tools for elevating or even enabling parallel
processing at encoder and/or decoder. For instance, HEVC supports a sub-division of pictures
into an array of tiles which are encoded independently from each other. Another concept
supported by HEVC pertains to WPP, according to which CTU rows or CTU-lines of the pictures
may be processed in parallel from left to right, i.e. in stripes, provided that some minimum CTU
offset is obeyed in the processing of consecutive CTU lines. It would be favorable, however, to
have a video codec at hand which supports parallel processing capabilities of video encoders

and/or video decoders even more efficiently.

It is, thus, the object of the present invention to provide a video codec which enables a more
efficient processing at encoder and/or decoder in terms of reference samples used for predicting

a prediction block.

This object is achieved by the subject-matter of the independent claims of the present application.

According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction. The video encoder is configured to use, for the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of extended reference samples
of the picture, each extended reference sample of the plurality of extended reference samples
separated from the prediction block at least by one nearest reference sample of the plurality of
reference samples, directly neighboring the prediction block. The video encoder is further
configured to sequentially determine an availability or unavailability of each of the plurality of
nearest reference samples and to substitute a nearest reference sample being determined as
unavailable by a substitution sample. The video encoder is configured to use the substitution
sample for the intra-picture prediction. This allows to use prediction concepts using nearest

reference samples even if such samples are unavailable which may occur, for example, when
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having a line or row of samples in a buffer/memory whilst not actually having a column of samples

in the memory being thus unavailable.

According to an embodiment a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction. The video encoder is configured to use, in the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of extended reference samples
of the picture, each extended reference sample of the plurality of extended reference samples
separated from the prediction block at least by one nearest reference sample of the plurality of
reference samples, directly neighboring the prediction block. The video encoder is further
configured to filter at least a subset of the plurality of extended reference samples using a bilateral
filter so as to obtain a plurality of filtered extended reference samples; and to use the plurality of

filtered extended reference samples for the intra-picture prediction.

According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction. The video encoder is configured to use, in the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of extended reference samples
of the picture, each extended reference sample of the plurality of extended reference samples
separated from the prediction block at least by one nearest reference sample of the plurality of
reference samples, directly neighboring the prediction block, wherein a plurality of nearest
reference samples is arranged along a first picture direction of the prediction block and along a
second picture direction of the prediction block; and to map at least a part of the nearest reference
samples arranged along the second direction to extended reference samples being arranged
along the first direction, such that the mapped reference samples exceed an extension of the
prediction block along the first picture direction. The video encoder is configured to use the

mapped extended reference samples for the prediction.

According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction. The video encoder is configured to use, for the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of nearest reference samples of
the picture directly neighboring the prediction block and a plurality of extended reference samples,
each extended reference sample of the plurality of extended reference samples separated from

the prediction block at least by one nearest reference sample of the plurality of reference samples,
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wherein the video encoder is configured to boundary filtering in a mode where no extended
samples are used; and not to use boundary filtering when extended samples are used; or wherein
the video encoder is configured to boundary filtering at least a subset of the plurality of nearest

reference samples and not using boundary filtering for the extended samples.

According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction. The video encoder is configured to determine, in the intra-
picture prediction, for encoding a prediction block of a picture, a plurality of nearest reference
samples of the picture directly neighboring the prediction block and a plurality of extended
reference samples, each extended reference sample of the plurality of extended reference
samples separated from the prediction block at least by one nearest reference sample of the
plurality of reference samples. The video encoder is further configured to determine a prediction
for the prediction block using the extended reference samples and to filter the extended reference
samples so as to obtain a plurality of filtered extended reference samples; and to combine the
prediction and the filtered extended reference samples so as to obtain a combined prediction for

the prediction block.

According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction. The video encoder is configured to use, for the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of nearest reference samples of
the picture directly neighboring the prediction block and/or a plurality of extended reference
samples, each extended reference sample of the plurality of extended reference samples
separated from the prediction block at least by one nearest reference sample of the plurality of
reference samples; to determine a first prediction for the prediction block using a first prediction
mode of a set of prediction modes, the first set of prediction modes comprising prediction modes
using the plurality of nearest reference samples in absence of the extended reference samples;
and to determine a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset of the
prediction modes of the first set, the subset being associated with the plurality of extended
reference samples. The video encoder is configured to weightedly (wo;wi) combine the first
prediction (po(x,y)) and the second prediction (pi(x,y)) so as to obtain a combined prediction

(p(x,y)) as prediction for the prediction block in the coding data.
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According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction; to use, for the intra-picture prediction, for encoding a
prediction block of a picture, a plurality of nearest reference samples of the picture directly
neighboring the prediction block and/or a plurality of extended reference samples, each extended
reference sample of the plurality of extended reference samples separated from the prediction
block at least by one nearest reference sample of the plurality of reference samples; to use a
prediction mode being one of a first set of prediction modes for predicting the prediction block
using the nearest reference samples, e.g., in absence of extended reference samples; or being
one of a second set of prediction modes for predicting the prediction block using the extended
reference samples; wherein the second set of prediction modes is a subset of the first set of
prediction modes; to signal a mode information (m) indicating the prediction mode used for
predicting the prediction block; and to afterwards signal a parameter information (i) indicating a
subset of the extended reference samples used for the prediction mode if the prediction mode is
contained in the second set of prediction modes; and to skip signaling the parameter information
when the used prediction mode is not contained in the second set of prediction modes, thereby
allowing a conclusion at the decoder that a specific value of the parameter is chosen or selected
ort determined, the predefined nature allowing skipping of the signaling, i.e., the absence of the
signal is given an informative meaning. For example, the absence may indicate that the nearest

reference samples have to be used.

According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction; 1o use, for the intra-picture prediction, for encoding a
prediction block of a picture, a plurality of reference samples comprising nearest reference
samples of the picture directly neighboring the prediction block and a plurality of extended
reference samples, each extended reference sample of the plurality of extended reference
samples separated from the prediction block at least by one nearest reference sample of the
plurality of reference samples; to use a prediction mode being one of a first set of prediction
modes for predicting the prediction block using the nearest reference samples; or being one of a
second set of prediction modes for predicting the prediction block using the extended reference
samples; wherein the second set of prediction modes is a subset of the first set of prediction
modes. The video encoder may use available reference data so as to generate the first set and/or
the second set and/or may determine the set using information derived from the pictures. The

second set being a subset of the first set includes the case that both sets are equal. The video
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encoder is configured to signal a parameter information indicating a subset of the plurality of
reference samples used for the prediction mode, the subset of the plurality of reference samples
comprising nearest reference samples only or extended reference samples; and to afterwards
signal a mode information (m) indicating the prediction mode used for predicting the prediction
block, wherein the mode information indicates a prediction mode from a subset of modes, the
subset being restricted to a set of allowed prediction modes according to the parameter
information (i). Based on an association of the references samples used, i.e., nearest or extended,
an identification of the restricted set is possible as only those prediction modes apply which are

associated with the reference samples indicated.

According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding, pictures of a video into coding data, wherein the block based predictive encoding
comprises an intra-picture prediction; to use, for the intra-picture prediction, for encoding a
prediction block of a picture, a plurality of nearest reference samples of the picture directly
neighboring the prediction block and/or a plurality of extended reference samples, each extended
reference sample of the plurality of extended reference samples separated from the prediction
block at least by one nearest reference sample of the plurality of reference samples; to determine
a first prediction for the prediction block using a first prediction mode of a set of prediction modes,
the first set of prediction modes comprising prediction modes using the plurality of nearest
reference samples in absence of the extended reference samples; and to determine a second
prediction for the prediction block using a second prediction mode of a second set of prediction
modes, the second set of prediction modes comprising a subset of the prediction modes of the
first set being associated with the plurality of extended reference samples. The video encoder is
configured to combine the first prediction and the second prediction so as to obtain a combined

prediction as prediction for the prediction block in the coding data.

According to an embodiment, a video encoder is configured to encode, by block based
predictive encoding, pictures of a video into coding data, wherein the block based predictive
encoding comprises an intra-picture prediction; to use, in the intra-picture prediction, for encoding
a prediction block of a picture, a plurality of extended reference samples of the picture, each
extended reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference samples,
directly neighboring the prediction block; and to use the plurality of extended reference samples

according to a predefined set of pluralities of extended reference samples. The pluralities of
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extended reference samples, may be included, for example, in a list of area indices being

identified by an identifier.

According to an embodiment, a video encoder is configured to encode, by block based predictive
encoding a plurality of prediction blocks, pictures of a video into coding data, wherein the block
based predictive encoding comprises an intra-picture prediction; to use, for the intra-picture
prediction, for encoding a prediction block of the plurality of prediction blocks, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest reference
sample of the plurality of reference samples, directly neighboring the prediction block. The video
encoder is configured to determine the extended reference samples so as to be at least partially
a part of an adjacent prediction block of the plurality of prediction blocks, and to determine that
the adjacent prediction block has not yet been predicted; and to signal information indicating the
extended prediction samples associated to the prediction block and arranged in the adjacent

prediction block as unavailable samples.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, in the intra-picture prediction, for encoding a
prediction block of a picture, a plurality of extended reference samples of the picture, each
extended reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference samples,
directly neighboring the prediction block; to sequentially determine an availability or unavailability
of each of the plurality of nearest reference samples; to substitute a nearest reference sample
being determined as unavailable by a substitution sample; and to use the substitution sample for

the intra-picture prediction.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, in the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of extended reference samples of the picture, each
extended reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference samples,
directly neighboring the prediction block; to filter at least a subset of the plurality of extended

reference samples using a bilateral filter so as to obtain a plurality of filtered extended reference



10

15

20

25

30

35

WO 2020/002641 PCT/EP2019/067412
-7-

samples; and to use the plurality of filtered extended reference samples for the intra-picture

prediction.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, in the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of extended reference samples of the picture, each
extended reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference samples,
directly neighboring the prediction block, wherein a plurality of nearest reference samples is
arranged along a first picture direction of the prediction block and along a second picture direction
of the prediction block; to map at least a part of the nearest reference samples arranged along
the second direction to extended reference samples being arranged along the first direction, such
that the mapped reference samples exceed an extension of the prediction block along the first

picture direction; and to use the mapped extended reference samples for the prediction.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, for the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of nearest reference samples of the picture directly
neighboring the prediction block and a plurality of extended reference samples, each extended
reference sample of the plurality of extended reference samples separated from the prediction
block at least by one nearest reference sample of the plurality of reference samples. The video
decoder is configured to boundary filtering in a mode where no extended samples are used; and
not to use boundary filtering when extended samples are used; or to boundary filtering at least a
subset of the plurality of nearest reference samples and not using boundary filtering for the

extended samples.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to determine, in the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of nearest reference samples of the picture directly
neighboring the prediction block and a plurality of extended reference samples, each extended
reference sample of the plurality of extended reference samples separated from the prediction

block at least by one nearest reference sample of the plurality of reference samples; to determine
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a prediction for the prediction block using the extended reference samples; to filter the extended
reference samples so as to obtain a plurality of filtered extended reference samples; and to
combine the prediction and the filtered extended reference samples so as to obtain a combined

prediction for the prediction block.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, for the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of nearest reference samples of the picture directly
neighboring the prediction block and/or a plurality of extended reference samples, each extended
reference sample of the plurality of extended reference samples separated from the prediction
block at least by one nearest reference sample of the plurality of reference samples; to determine
a first prediction for the prediction block using a first prediction mode of a set of prediction modes,
the first set of prediction modes comprising prediction modes using the plurality of nearest
reference samples in absence of the extended reference samples; and to determine a second
prediction for the prediction block using a second prediction mode of a second set of prediction
modes, the second set of prediction modes comprising a subset of the prediction modes of the
first set, the subset being associated with the plurality of extended reference samples. The video
decoder is configured to weightedly combine the first prediction and the second prediction so as

to obtain a combined prediction as prediction for the prediction block in the coding data.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, for the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of nearest reference samples of the picture directly
neighboring the prediction block and/or a plurality of extended reference samples, each extended
reference sample of the plurality of extended reference samples separated from the prediction
block at least by one nearest reference sample of the plurality of reference samples; to use a
prediction mode being one of a first set of prediction modes for predicting the prediction block
using the nearest reference samples; or being one of a second set of prediction modes for
predicting the prediction block using the extended reference samples; wherein the second set of
prediction modes is a subset of the first set of prediction modes; to receive a mode information
(m) indicating the prediction mode used for predicting the prediction block; and to afterwards
receive a parameter information (i} indicating a subset of the extended reference samples used

for the prediction mode thereby indicating that the prediction mode is contained in the second set
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of prediction modes; and to determine that the used prediction mode is not contained in the
second set of prediction modes when not receiving the parameter information and to determine a

use of the nearest reference samples for the prediction.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, for the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of reference samples comprising nearest reference
samples of the picture directly neighboring the prediction block and a plurality of extended
reference samples, each extended reference sample of the plurality of extended reference
samples separated from the prediction block at least by one nearest reference sample of the
plurality of reference samples; to use a prediction mode being one of a first set of prediction
modes for predicting the prediction block using the nearest reference samples; or being one of a
second set of prediction modes for predicting the prediction block using the extended reference
samples; wherein the second set of prediction modes is a subset of the first set of prediction
modes; to receive a parameter information (i) indicating a subset of the plurality of reference
samples used for the prediction mode, the subset of the plurality of reference samples comprising
nearest reference samples only or at least one extended reference sample; and to afterwards
receive a mode information (m) indicating the prediction mode used for predicting the prediction
block; wherein the mode information indicates a prediction mode from a subset of modes, the
subset being restricted to a set of allowed prediction modes according to the parameter

information (i).

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; use, for the intra-picture prediction, for decoding a prediction
block of a picture, a plurality of nearest reference samples of the picture directly neighboring the
prediction block and/or a plurality of extended reference samples, each extended reference
sample of the plurality of extended reference samples separated from the prediction block at least
by one nearest reference sample of the plurality of reference samples; to determine a first
prediction for the prediction block using a first prediction mode of a set of prediction modes, the
first set of prediction modes comprising prediction modes using the plurality of nearest reference
samples in absence of the extended reference samples; and to determine a second prediction for
the prediction block using a second prediction mode of a second set of prediction modes, the

second set of prediction modes comprising a subset of the prediction modes of the first set being
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associated with the plurality of extended reference samples. The video decoder is configured to
combine the first prediction and the second prediction so as to obtain a combined prediction as

prediction for the prediction block in the coding data.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, in the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of extended reference samples of the picture, each
extended reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference samples,
directly neighboring the prediction block; and to use the plurality of extended reference samples

according to a predefined set of pluralities of extended reference samples.

According to an embodiment, a video decoder is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein for each picture a plurality of
prediction blocks is decoded, wherein the block based predictive decoding comprises an intra-
picture prediction; and to use, for the intra-picture prediction, for decoding a prediction block of
the plurality of prediction blocks, a plurality of extended reference samples of the picture, each
extended reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference samples,
directly neighboring the prediction block. The video decoder is configured to determine the
extended reference samples so as to be at least partially a part of an adjacent prediction block of
the plurality of prediction blocks, and to determine that the adjacent prediction block has not yet
been predicted; and to receive information indicating the extended prediction samples associated

to the prediction block and arranged in the adjacent prediction block as unavailable samples.

Further embodiments relate to methods for encoding and decoding a video and to a computer

program product.

With respect to the aforementioned embodiments of the present application, it is noted that same
may be combined so that more than one of the aforementioned embodiments such as all

embodiments are implemented in a video codec concurrently.
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Further, advantageous embodiments of the present application are the subject of dependent

claims and preferred embodiments of the present application are described below with respect to

the figures among which

Fig. 1

Fig. 2

Fig. 3

Fig. 4a-4e

Fig. 4f

Fig. 4g-4h

Fig. ba-5¢

Fig. 6a-6¢

Fig. 7a-7c

Fig. 8

shows a schematic block diagram of a video encoder according to an embodiment,

comprising a decoder according to an embodiment;

shows a schematic flow chart of a method for encoding a video stream according to

an embodiment;

shows an example of directly neighboring (nearest) reference samples and

extended reference samples used in embodiments;

show examples of five angular intra-picture prediction angles for a 4x2 block of

prediction samples according to embodiments;

shows a schematic diagram for illustrating an of a direction of an angular prediction

used in embodiments;
show tables for illustrating example dependencies of a number of taps used in filters,
the number being dependent from a block size of the prediction block and from the

prediction mode;

show an embodiment in connection with an angular prediction using a definition of

an angle parameter;

show a derivation of a vertical offset in connection with mapping reference samples

according to embodiments;

show a derivation of a horizontal offset according to an embodiment;

shows an embodiment for a diagonal top-left angle and a use of nearest reference

samples according to an embodiment;
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Fig. 9 shows an example projection of extended left reference samples as side reference
next to the extended top reference samples as main reference in case of top-left

diagonal prediction according to an embodiment;

Fig. 10 shows an example projection of nearest left reference samples as side reference

next to the extended top reference samples according to an embodiment;

Fig. 11 shows an example truncated unary code for a specific set of reference areas

according to an embodiment;

Fig. 12a-b  show a schematic illustration of usable block sizes according to embodiments;

Fig. 13 shows a schematic diagram according to an embodiment of vertical angular

prediction with an angle of 45 degree of a prediction block; and

Fig. 14a-b  show an example of required nearest reference samples and extended reference
samples in case of diagonal vertical intra-picture prediction and according to an

embodiment.

Equal or equivalent elements or elements with equal or equivalent functionality are denoted in the
following description by equal or equivalent reference numerals even if occurring in different

figures.

In the following description, a plurality of details is set forth to provide a more thorough explanation
of embodiments of the present invention. However, it will be apparent to those skilled in the art
that embodiments of the present invention may be practiced without these specific details. In other
instances, well known structures and devices are shown in block diagram form rather than in
detail in order to avoid obscuring embodiments of the present invention. In addition, features of
the different embodiments described hereinafter may be combined with each other, unless

specifically noted otherwise.

In hybrid video coding, intra-picture prediction is used to encode an area of picture samples by
generating a prediction signal from available neighboring samples, i.e. the reference samples.
The prediction signal is subtracted from the original signal to get the residual signal. This residual

signal or prediction error is further transformed, scaled, quantized and entropy coded as illustrated
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in Fig. 1 showing a schematic block diagram of a video encoder 1000 according to an embodiment
being, for example, a hybrid video encoder with an intra-picture prediction block 1001. The video
encoder 1000 is configured to receive an input video signal 1002 comprising a plurality of pictures,
a sequence of pictures forming a video. The video encoder 1000 comprises a block 1004 being
configured to divide the signal 1002 into an area of samples, i.e., to form blocks from the input
video signal 1002. A controller 1006 of the video encoder 1000 is configured to control the block
1004 and to control a decoder 1008 that may be a part of the encoder 1000. A decoder for
receiving and decoding an output bitstream 1012 and a generated output video signal 1014, i.e.,
coding data, may be implemented accordingly. In particular, a transform, scaling and quantization
block 1016 together with a block 1018 for motion estimation of the signal 1022 being the input
video signal 1002 divided into blocks by the block 1004 may both provide information in terms of
quantized transform coefficients and a motion information so as to enable entropy coding for the

output bitstream 1012.

The quantized transformed coefficients are then scaled and inversed transformed to generate the
reconstructed residual signal before potential in-loop filtering operations. This signal can be added
to the prediction signal again to get the reconstruction that is also available at the decoder. The
reconstructed signal can be used to predict succeeding samples in coding order within the same

picture.

The intra-picture prediction is further detailed in Fig. 2. First, the reference samples used for the
prediction are generated in a block 1042 based on the reconstructed samples. This stage also
includes substituting neighboring samples that are not available, e.g. at picture, slice or tile
boundaries. Second, in a block 1044 the reference samples can be filtered to eliminate
discontinuities in the reference signal. Third, in a block 1046 the prediction samples are calculated
using the reference samples according to the intra prediction mode. The prediction mode
describes how the prediction signal is generated from the reference samples, e.g. by averaging
them in the DC mode or by copying them along one prediction angle in an angular prediction
mode. The encoder has to decide which intra prediction mode to select and the selected intra
prediction mode is signaled in the bitstream by entropy coding to the decoder. At the decoder
side, the intra prediction mode is extracted from the bitstream by entropy decoding. Fourth and
possibly last, in a block 1048 the prediction samples can be filtered as well to smoothen the signal.
In other words, Fig. 2 shows a flowchart of an intra-picture prediction process or method. In
general, the correlation between samples in an image decreases with increasing distance. Hence

directly neighboring samples are generally well suited as reference samples to predict an area of
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samples. However, there are cases where the directly neighboring reference samples represent
an edge or an object in a uniform area (occlusion). In these cases, the correlation between the
samples to predict (uniform or textured area) and the directly neighboring reference samples
(edge) would be low. Extended reference intra-picture prediction solves this problem by
incorporating more distant reference samples that are not directly neighboring. The concept of
extending the nearest reference samples is known but several novel improvements for all parts
of the intra-picture prediction process and signaling are defined in embodiments of the present

invention and described in the following.

Extended reference intra-picture prediction allows to generate the prediction signal of a sample
area using extended references samples. Extended reference samples are available reference
samples that are not direct neighbors. In the following, improved reference sample generation,
filtering, prediction and prediction filtering using extended reference samples according to
embodiments are described in further detail. The special case of combining predictions using
extended reference samples with prediction using directly neighboring samples or unfiltered
reference samples is covered in afterwards. After that, various methods according to
embodiments are described to improve prediction mode and extended reference area signaling
for extended reference samples. Further, embodiment to facilitate parallel encoding with extended

reference samples are described.

For reference sample generation, current video coding standards use directly neighboring
samples to predict the current block. In literature, it was proposed to use multiple reference lines
in addition to the nearest, directly neighboring samples. The additional reference lines to be used
in intra-picture prediction are further referred to as extended reference samples in detailed in the
following. After that, improved methods for substitution of non-available extended reference

samples according to embodiments are described.

An example showing a nearest reference sample line and three extended reference sample lines
of a 16x8 block to be predicted is illustrated in Fig. 3 showing an example of directly neighboring

(nearest) reference samples 1062 and extended reference samples 10644, 1064, and 1064;.

The nearest reference samples 1062 and the extended reference samples 10644, 1064, and
10643 are arranged adjacent to a prediction block 1066 to be predicted and being arranged along
two directions of the picture, namely direction x and direction y being arranged perpendicular to

direction x. Along the direction x, the prediction block comprises an extension W with samples
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ranging from 0 to W-1. Along the direction y, the prediction block comprises an extension H with

samples ranging from 0 to H-1.

A reference area with index i may indicate a distance between the respective reference sample,
i.e., the nearest reference sample having index i =0, i.e., being arranged directly adjacent, and
extended reference samples being spaced from the prediction block 1066 at least by the nearest
reference samples 1062. For example, the reference area index i may indicate an extension of a
distance between the prediction block 1066 and the respective reference sample 1062 or 1064.
By way of example, increasing parameter x along the direction x may be referred to as moving

right and, on the contrary, reducing the x may be referred to as moving left.

Alternatively or in addition, reducing the index i along a negative direction y may be referred to as
moving upwards or towards a top of the picture, wherein with an increase of parameter y, a
movement downwards or towards a bottom of the picture may be indicated. Terms like top,
bottom, left and right are used to simplify the understanding of the present invention. According
to other embodiments, such terms may be changed, altered or substituted with any other
directions without limiting the scope of the present embodiments. By way of example, reference
samples 1062 and/or 1064 being arranged left from the prediction block, i.e., having x<0, may be
referred to as left reference samples. Reference samples 1062 and/or 1064 being arranged so
as to have y<0 may be referred to as top reference samples, assuming that an upper left edge of
the prediction block 1066 has positions 0,0. Reference samples being identified as well as left
reference samples and as top reference samples may be referred to as corner reference samples.
Accordingly, reference samples exceeding the extension W along the x-direction may be referred
to as right reference samples, wherein reference samples exceeding the extension H of the

prediction block 1066 may be referred to as bottom reference samples.

In order to indicate which reference samples to use for prediction, each line of reference samples
is associated with a reference area index i. The nearest reference samples are given an index i =
0, the next line of extended reference samples i = 1 and so on. Using the notation from Fig. 3, the
top reference samples can be described by r(x, —1 — i) with x ranging from 0 to M and the left
reference samples can be described by r(—1 — i, y) with y ranging from 0 to N. The parameters
M for the horizontal extend and N for the vertical extend of the reference samples depend on the
intra-picture prediction. In case top-right diagonal prediction is used as maximum angle clockwise
for example as described in connection with Fig. 4e, the top reference samples need to extent

M =W + H — 1+ i samples in horizontal direction. In case bottom-left diagonal prediction is used
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as maximum angle counter clockwise for example as described in Fig. 4a, the left reference
samples need to extent M = H + W — 1 + i samples in vertical direction. As in Fig 3, W describes
the width and H the height of the prediction block.

A video encoder according to an embodiment, such as video encoder 1000 may be configured to
encode, by block based predictive encoding, pictures of a video into coding data, wherein the
block based predictive encoding comprises an intra-picture prediction. The video encoder may
use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest reference
sample of the plurality of reference samples, directly neighboring the prediction block. The video
encoder may sequentially determine an availability or unavailability of each of the plurality of
nearest reference samples and may substitute a nearest reference sample being determined as
unavailable by a substitution sample. The video encoder may use the substitution sample for the

intra-picture prediction.

For determining the availability or unavailability, the video encoder may check the samples
sequentially according to a sequence, determine the substitution sample as a copy a last
extended reference sample being determined as available in the sequence; and/or determine the
substitution sample as a copy a next extended reference sample being determined as available

in the sequence.

The video encoder may further determine the availability or unavailability sequentially according
to a sequence and determine the substitution sample based on a combination of an extended
reference sample being determined as available and being arranged in the sequence prior to the
reference sample being determined as unavailable and of an extended reference sample being
determined as available and being arranged in the sequence after the reference sample being

determined as unavailable.

Alternatively or in addition, the video encoder may be configured to use, for the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of nearest reference samples of
the picture directly neighboring the prediction block and a plurality of extended reference samples,
each extended reference sample of the plurality of extended reference samples separated from

the prediction block at least by one nearest reference sample of the plurality of reference samples;
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and to determine an availability or unavailability of each of the plurality of extended reference
samples. The video encoder may signal a use of the plurality of extended reference samples
when a portion of available extended reference samples of the plurality of extended reference
samples is larger than or equal a predetermined threshold; and skip signaling the use of the
plurality of extended reference samples when the portion of available extended reference samples

of the plurality of extended reference samples is below the predetermined threshold.

A respective decoder such as video decoder 1008 or a video decoder for generating a video
stream again, may accordingly be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to use, in the intra-picture prediction, for encoding a prediction block
of a picture, a plurality of extended reference samples of the picture, each extended reference
sample of the plurality of extended reference samples separated from the prediction block at least
by one nearest reference sample of the plurality of reference samples, directly neighboring the
prediction block; and to sequentially determine an availability or unavailability of each of the
plurality of extended reference samples. The video decoder may substitute an extended reference
sample being determined as unavailable by a substitution sample; and use the substitution

sample for the intra-picture prediction.

The video decoder may further be configured to determine the availability or unavailability
sequentially according to a sequence; determine the substitution sample as a copy a last
extended reference sample being determined as available in the sequence; and/or determine the
substitution sample as a copy a next extended reference sample being determined as available

in the sequence.

Further, the video decoder may be configured to determine the availability or unavailability
sequentially according to a sequence; and to determine the substitution sample based on a
combination of an extended reference sample being determined as available and being arranged
in the sequence prior to the reference sample being determined as unavailable and of an
extended reference sample being determined as available and being arranged in the sequence

after the reference sample being determined as unavailable.

The video decoder may alternatively or in addition be configured to use, for the intra-picture
prediction, for decoding a prediction block of a picture, a plurality of nearest reference samples of

the picture directly neighboring the prediction block and a plurality of extended reference samples,
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each extended reference sample of the plurality of extended reference samples separated from
the prediction block at least by one nearest reference sample of the plurality of reference samples;
to determine an availability or unavailability of each of the plurality of extended reference samples;
to signal receive information indicating a use of the plurality of extended reference samples when
that a portion of available extended reference samples of the plurality of extended reference
samples is larger than or equal a predetermined threshold and use of the plurality of extended
reference samples; and to skip using the plurality of extended reference samples in absence of
the information, i.e., when the portion of available extended reference samples of the plurality of

extended reference samples is below the predetermined threshold.

When neighboring reference samples are not available, according to embodiments, an extended
reference sample substitution may be performed. For example, the unavailable samples can be
replaced by the closest neighboring sample that is available, a combination of the closest two or
by a predetermined value in case there are no neighboring samples available, e.g. 2bitdepth-1,
Reference samples are not available e.g. when they are located outside a picture, slice or tile
boundary or when constrained intra prediction is used that disallows using samples from inter-

picture predicted areas as reference for intra-picture prediction areas.

For example, if the current block to be predicted is located at the left picture boundary. the left
and top-left corner reference samples are not available. In this case, the left and top-left corner
reference samples are substituted by the first available top reference sample. When this first
available top reference sample is the first one, i.e. r(0,—1 — i), the substitution for nearest (i=0)

and extended (i>0) reference samples can be formulated as follows:

r(=1—4,y) =7r0,-1—-Dwithy=-1-i..M
r(x,-1—-0=r0,-1-)withy=—-1—i..Mfori>0

The parameter i may have any maximum value larger than 0 within the encode/decoder system,

e.g., 1, 2, 3, 4 or more such as 5 or more or 10 or more.

When constrained intra prediction is used, it can happen that one or more neighboring blocks are
not available because they are coded using inter-picture prediction. For example, the left H
samples r(—1—i,y) with y=0..H -1 are inside an inter-picture predicted block and not

available because constrained intra prediction is enabled.
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In one embodiment, the availability checking process for each reference sample is done
sequentially, e.g. from the bottom-left to the top-right reference samples or vice versa, the first
sample that is not available along this direction is replaced by the last one that is available if there
is one. If there is no sample available before, the unavailable samples are replaced by the next
available sample. In the embodiment starting from bottom-right, the W bottom-right samples
r(=1—1i,y) withy = H..W - 1 are available. Consequently, the left samples are replaced by as

follows:

r(=1—-i,y)=r(-1—-iM)withy =0..M — 1

In another embodiment, unavailable reference samples between available reference samples
could be generated by linearly interpolating between the two nearest samples, one from each

side.

In case it is determined that most of the extended reference area samples are not available, the
use of extended reference samples does not bring any benefit compared to using the nearest
reference samples. Hence the signaling of the reference area index can be saved and its signaling

can be restricted to blocks where at least half of the extended reference samples are available.

A video encoder according to an embodiment such as video encoder 1000 may be configured to
encode, by block based predictive encoding, pictures of a video into coding data, wherein the
biock based predictive encoding comprises an intra-picture prediction; to use, in the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of extended reference samples
of the picture, each extended reference sample of the plurality of extended reference samples
separated from the prediction block at least by one nearest reference sample of the plurality of
reference samples, directly neighboring the prediction block; to filter at least a subset of the
plurality of extended reference samples using a bilateral filter so as to obtain a plurality of filtered
extended reference samples; and to use the plurality of filtered extended reference samples for

the intra-picture prediction.

The video encoder according to this embodiment may be configured to combine the plurality of
filtered extended reference samples with a plurality of unfiltered extended reference samples so
as to obtain a plurality of combined reference values, wherein the video encoder is configured to

use the plurality of combined reference values for the intra-picture prediction.
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Alternatively or in addition, the video encoder may be configured to filter the plurality of extended

reference samples using one of a 3-tap filter, a 5-tap filter and a 7-tap filter.

The video encoder may further be configured to select predict the prediction block using an
angular prediction mode; wherein the 3-tap filter, a 5-tap filter and a 7-tap filter are configured as
bilateral filters, wherein the video encoder is configured to select to use one of the 3-tap filter, the
5-tap filter and the 7-tap filter based on an angle used for the angular prediction, the angle
arranged between a horizontal or a vertical direction of the angular prediction mode; and/or
wherein the video decoder is configured to select to use one of the 3-tap filter, the 5-tap filter and
the 7-tap filter based on a block size of the prediction block. As shown in Fig. 4f, an angle € may
describe an angle of a direction of an angular prediction used for predicting the prediction block
1066 with respect to horizontal borders 1072 and/or vertical borders 1074 of the prediction block
1066 and measured towards a diagonal 1076 between the horizontal and vertical direction, i.e.,
the angle of the angular prediction is at most 45°. With increasing angle € an increased number
of taps may be used in the filter. Alternatively or in addition, a block size may define a basis or

dependency for selecting the filter.

A corresponding video decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to use, in the intra-picture prediction, for decoding a prediction block
of a picture, a plurality of extended reference samples of the picture, each extended reference
sample of the plurality of extended reference samples separated from the prediction block at least
by one nearest reference sample of the plurality of reference samples, directly neighboring the
prediction block; to filter at least a subset of the plurality of extended reference samples using a
bilateral filter so as to obtain a plurality of filtered extended reference samples; and to use the

plurality of filtered extended reference samples for the intra-picture prediction.

The video decoder may further be configured to combine the plurality of filtered extended
reference samples with a plurality of unfitered extended reference samples so as to obtain a
plurality of combined reference values, wherein the video decoder is configured to use the plurality

of combined reference values for the intra-picture prediction.

Alternatively or in addition, the video decoder of may be configured to filter the plurality of
extended reference samples using one of a 3-tap filter, a 5-tap filter and a 7-tap filter. As described

for the encoder, the 3-tap filter, a 5-tap filter and a 7-tap filter are configured as bilateral filters,
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wherein the video decoder is configured to predict the prediction block using an angular prediction
mode, and to select to use one of the 3-tap filter, the 5-tap filter and the 7-tap filter based on an
angle used for the angular prediction, the angle arranged between a horizontal or a vertical
direction of the angular prediction mode; and/or wherein the video decoder is configured to select
to use one of the 3-tap filter, the 5-tap filter and the 7-tap filter based on a block size of the

prediction block.

For example, instead of a bilateral filter, 3-tap FIR filters may be used. This may allow to filter only
the nearest reference samples (although not with bilateral filter) and to leave the extended

reference samples unfiltered.

For larger sample areas, discontinuities in the reference samples can occur that distort the
prediction. The state of the art solution to this is to apply linear smoothing filters to the reference
samples. In case of discontinuities, which can be detected for example by comparing to a
predetermined threshold, strong smoothing can be applied. This typically generates the reference

samples by interpolating between corner reference samples.

However, linear smoothing filters can also remove edge structure that needs to be preserved.
Applying bilateral filters to the extended references samples according to an embodiment for
reference sample filtering can prevent undesired smoothing of sharp edges. Since bilateral
filtering is more efficient for larger blocks and intra prediction angles that deviate from the exact
horizontal and exact vertical directions, the decision of whether to apply the filter and the length
of the filter can depend on the block size and/or the prediction mode. One example design can
incorporate dependencies as shown in Fig. 4g showing a dependency for block sizes smaller than
64x64 and larger than or equal to 64x64 with respect to WxH and Fig. 4h showing a different
dependency for block sizes smaller than 64x64 and larger than or equal to 64x64 with respect to
WxH. In the embodiment of Fig. 4g the intra-prediction mode may, for example, one of a planar
mode, a DC mode, a near horizontal mode, a near vertical mode or a different angle of an angular
mode. In the embodiment of Fig. 4h, additionally angles being identified as farer horizontal and
farer vertical may be selected, for example, having a larger value of angle € shown in Fig. 4f when
compared to near horizontal or near vertical. As may be seen, larger block sizes may result in a
higher number of taps so as to facilitate filtering of the larger amount of data, wherein, additionally,
an increase of € may also result in an increase of taps. According to Fig. 4h, an embodiment may
apply a small 3-tap filter for near horizontal and near vertical modes and increases the filter length

with increasing distance from horizontal and vertical direction. Although being illustrated as being
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dependent on both, the prediction mode and the block size, the selection of the filter or at least

the number of taps may alternatively depend only on one of both and/or on additional parameters.

In another embodiment for reference sample filtering, an intra-picture prediction that uses filtered
reference samples can be combined with unfiltered reference samples using a position-
dependent weighting as described in connection with Position Depending Prediction
Combination. In this case, the reference samples for the prediction that uses filtered references
samples can use a different reference sample filtering than for the non-combined prediction. For

example, the filtering can select among a set of 3-, 5- and 7-tap filters.

A video encoder according to an embodiment such as video encoder 1000 may be configured to
encode, by block based predictive encoding, pictures of a video into coding data, wherein the
block based predictive encoding comprises an intra-picture prediction; to use, in the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of extended reference samples
of the picture, each extended reference sample of the plurality of extended reference samples
separated from the prediction block at least by one nearest reference sample of the plurality of
reference samples, directly neighboring the prediction block, wherein a plurality of nearest
reference samples is arranged along a first picture direction of the prediction block and along a
second picture direction of the prediction block; to map at least a part of the nearest reference
samples arranged along the second direction to extended reference samples being arranged
along the first direction, such that the mapped reference samples exceed an extension of the
prediction block along the first picture direction; and; and to use the mapped extended reference

samples for the prediction.

The video encoder may further be configured to map the portion of nearest reference samples
according to a prediction mode used for predicting the prediction block. The video encoder may
be configured to map the portion of nearest reference samples according to a direction used in

the prediction mode for predicting the prediction block.

A corresponding video decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to use, in the intra-picture prediction, for decoding a prediction block
of a picture, a plurality of extended reference samples of the picture, each extended reference
sample of the plurality of extended reference samples separated from the prediction block at least

by one nearest reference sample of the plurality of reference samples, directly neighboring the
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prediction block, wherein a plurality of nearest reference samples is arranged along a first picture

direction of the prediction block and along a second picture direction of the prediction block;

map at least a part of the nearest reference samples arranged along the second direction to
extended reference samples being arranged along the first direction, such that the mapped
reference samples exceed an extension of the prediction block along the first picture direction;

and to use the mapped extended reference samples for the prediction.

The video decoder may be configured to map the portion of nearest reference samples according
to a prediction mode used for predicting the prediction block. The video decoder may be
configured to map the portion of nearest reference samples according to a direction used in the

prediction mode for predicting the prediction block.

In principle, every intra-picture prediction that uses the directly neighboring reference samples
can be adapted to use the extended reference samples. In literature, the following three

predictions have been adapted

e Planar
e DC
e Angular

In the following each prediction will be detailed for extended reference samples to thereby

describe embodiments of the present invention.

The planar prediction is a bilinear interpolation of the WxH prediction samples illustrated in Fig. 3
from the boundaries. Since the right and bottom boundaries are not yet reconstructed, the right
boundary samples are set equal to the top-right corner sample (I, - 1) and the bottom boundary

samples are set equal to the bottom-left corner sample (-1, H):

W'pver(xry) + H 'phor(x'Y) +W-H
2W - H

Prer (X, y) = H-1=y)r(x,-D+y+1)- r(—1,H)
Pror(x,y) =W —=1—x)-r(-=Ly) + (x + 1) - r(W,-1)

p(x,y) = withx =0.W—-1,y=0..H~—1

For extended reference samples, the vertical and horizontal predictions p,.,and p;,,,- depend on

the reference area index i:
Poeri(,y) =(H—=1=y) v, -1-D+ @ +1) r(-1-iH)
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Phori(X,y) =W —=1—-x) r(=1=i,y)+ (x+ 1) -r(W,-1~1)

One embodiment to improve extended reference samples is to use the nearest top-right corner
sample r(W,-1) and the nearest bottom-left corner sample r(-1, H) in vertical and horizontal

predictions p,e,; and pp,r,; as follows:

pver,i(x'y) =H=-1=-y)r(x,-1-D+@+ 1D -r(-LH)
Prorixy) =W —1—-x) - r(=1-4y)+ (x+ 1) - 7(W,-1)

Another embodiment defines to include the corner reference samples in the horizontal and vertical
predictions as well with distance-dependent weighting. The farer away the extended reference
area gets, i.e. the larger the parameter i gets, the more top-left corner samples are available for
the prediction. For i=0 it is one sample r(—1,—1), i.e., adjacent to the prediction block or with
distance 0, for />0 there are i vertical corner samples r(—1 — i,y) withy = —1.. -1 — i, i horizontal
corner samples r(x, —1 — i) with x = —1.. -1 — i and the corner sample r(—1-1i,—-1—1i). One
implementation according to an embodiment defines to average the horizontal and vertical corner
samples (both including the corner sample) and include it with a distance-dependent weighting
by a() and b() in the vertical and horizontal predictions be as follows:
rezlir(xg, —1-1)
i+1
witha(y) + b(y) = (H—1-y)
vl r (=1 =1, yp)
i+1
witha(x) + b(x) = W —-1-x)

Prer,i(x,y) = a(y) + b)) rx,=1=D+ @ +1)-r(=1—=i,H)

Phor,i(x,¥) = alx) + bx) r(-1—i,y)+x+1D)-r(W,—-1-1)

Another embodiment is a combination of the two previous embodiments using the nearest top-

right sample, the nearest bottom-left sample and the extended corner samples.

The DC prediction calculates the average of the reference sample values DC and sets every

prediction sample p(x, y) inside a WxH block equal to the average:

plx,y) = DCwithx=0..W -1,y=0..H—-1



10

15

20

25

30

WO 2020/002641 PCT/EP2019/067412
-25-

For the average value DC, only N samples left and M samples right to the prediction block can be
used where N can be set to the height H and M can be set to the width W:

1 N-1 M-1
DC = VTN <Z r(=1,n)+ Zor(m,—1)>

n=0

For extended reference samples, the average value DC depend on the reference area index /.

1 N-1 M=1
DC; = T N(Z r(-1—-in)+ Zor(m,~1 - l))
m=

n=0

In one embodiment, the corner sample(s) to the top left of the prediction block can be used in the

average as well:

1 N-1 M-1
DCi:M+N+1+2i<2,r(~1—l'n)+ Z r(m,—1~t)>

n=—i m=—i-1
Angular prediction calculates the prediction samples by deriving them along a specified direction
or angle. The simplest prediction directions are horizontal, vertical and three diagonal ones which
are illustrated in Fig. 4a to Fig. 4e showing examples of five angular intra-picture prediction angles
for a 4x2 block of prediction samples. It can be seen that the reference samples along each
direction always point to a full (integer) sample position. The modification for extended reference
samples (in green) as described in literature is straightforward and just extends the direction.
Although the size of the block of prediction samples is 4x2, angular intra prediction can be

extended to arbitrary block sizes.

According to embodiments, a finer prediction angle granularity may be used, such that a direction
can point to non-integer samples positions. These may be generated by interpolation using the
nearest integer sample positions. Interpolation can be done using a simple bilinear filter or more

advanced filters, for example cubic or Gaussian 4-tap filters.

For the prediction angles between horizontal and vertical, e.g. the diagonal top-left angle and all
angles in between, reference samples from the left and top are used to generate the prediction.
A reference sample projection may be used to facilitate such generation. For all vertical angles
between diagonal top-left and vertical, the top reference samples can be seen as the main

reference and the left samples can be seen as side reference. For all horizontal angles between
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horizontal and diagonal top-left, the left reference samples can be seen as the main reference
and the top reference sample can be seen as the side reference. In order to simplify the
computation, i.e. to not switch between main reference sample calculation and side reference
sample calculation, the side reference samples are projected along the prediction angle to extend
the line of main reference samples. Each reference sample r(x, —1) left to the top main reference
orr(—1,y) above the left main reference is projected onto a corresponding side reference sample
according to the inverse prediction angle. Depending on the prediction angle, the projection can

point to a sub-sample position.

Fig. 5a to Fig. 5¢ show an embodiment in connection with an angular prediction using a definition
of an angle parameter A given in 1/32 sample accuracy for the top-left diagonal prediction angle
and two other vertical angles. The following embodiment assumes 1/32 sample accuracy and
vertical prediction angles between vertical and top-left diagonal, wherein any other vales may be
implemented. The 33 prediction angles range can be described by an angle parameter A ranging
from O (vertical) to 32 (top-left diagonal) as illustrated in Fig. 5a to Fig. 5¢c. A may be referred to
as a distance along a second picture direction with respect to a given first picture extension such
as 32 samples. In Fig. 5a A is 32 samples, i.e., 32 resulting in an angle of 45° based on a picture
extension of 32 samples along the picture direction perpendicular to A. In Fig. 5b, A =17 and in
Fig. 5¢c, A= 1.

Based on the angle parameter A, the vertical offset verOffset(x)into the left side reference

column for each main reference sample r(x, —1) can be calculated as follows:

(256 * 32)

verOffset(x) = (x * round + 128) >> 8

r(—=1—x,—1) = r(—1,—-1 +verOf fset(x))withx = 1..maxOffset — 1

AxH
maxOffset = ceil <—§—§~>

The derivation of the vertical offset verOf fset(x) and the maximum horizontal offset maxOf fset
based on the parameter A is illustrated in Fig. 6a to Fig. 6¢ and Fig. 7a to Fig. 7c, wherein Fig. 6a
to Fig. 6¢ show a calculation of the vertical offset given horizontal displacement x for top-left

horizontal prediction angles with A=32, 17, 1 according to Fig. 5a to Fig. 5c.

Fig. 7a to Fig. 7c show a calculation of maximum horizontal offset maxOf fset given the height

H of the prediction block for top-left horizontal prediction angles with A=32, 17, 1.
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In the embodiment, the nearest integer reference sample is used instead of the sub-sample
position by rounding the vertical offset. This facilitates the computation. However, it is also

possible to project the interpolated sub-sample side reference sample.

Fig. 8 shows an embodiment for the diagonal top-left angle (A = 17) and the nearest reference
samples. With a height of eight samples (H = 8), it can be seen that four (max0ffset — 1) left
reference samples can be projected along the diagonal direction to extend the main reference
sample line, i.e. nearest top reference samples. According to embodiments the illustrated size of

pictures, blocks, slices or the like are given as example only and may comprise any other values.

Fig. 8 shows an example projection of nearest left reference samples as side reference next to
the nearest top reference samples as main reference in case of a top-left horizontal direction with

angle parameter A=17 according to an embodiment.

For extended reference samples with reference area index /, the projection can be adapted as

follows:
256 * 32
verOffset(x) = (x * round (——-—-———~> + 128) >> 8
r(—=1—i—x,—1-1i) = r(=1—i,—1+verOffset(x)) withx =1..max0Offset — 1
fAx(H+1D) .
maxOffset = Cell(—3~2——> —1

Fig. 9 shows the embodiment for the diagonal top-left angle (A = 17) and a height of eight
samples (H = 8) using the extended reference line with i = 3. Here, two (maxOffset — 1) left
reference samples can be projected along the diagonal direction to extend the main reference

sample ling, i.e. nearest top reference samples.

Fig. 9 shows an example projection of extended left reference samples as side reference next to
the extended top reference samples as main reference in case of top-left diagonal prediction with

angle parameter A=17 according to an embodiment.

When reference samples from the left and top are used, extended reference samples allow to
combine nearest and extended references samples. This embodiment of the straight-forward
approach from Fig. 9 allows to make use of the extended references samples along the main
direction, i.e. main reference, where the larger distance of reference samples can be beneficial in

case of occlusion or an edge on the nearest reference samples. However, for the side reference
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the correlation between the samples to be predicted and the nearest reference samples can be

higher than between the extended reference samples and the samples to be predicted.

For example, one way to combine the extended main reference samples r(x, —1 — i) with the

nearest side reference samples r(—1,y) can be formulated as follows:

(256 * 32)

verOffset(x) = (x * round + 128) >> 8

r(=1—i—x,—1-10)= r(—l -1+ verOffset(x))
withx = 1..maxOf fset — 1 and verOf fset(x) > i
Ax(H+ i))

maxOffset = cezl( T

This combination is illustrated in Fig. 10 based on the same embodiment as described in
connection with the previous figures. Here, the extended reference samples 1064; arranged in a
line are used for the main reference samples (top) within the prediction direction (vertical) while
the nearest reference samples 1062 arranged in a column can be used for the side reference
samples that are projected to the extended reference sample line (top row) along the prediction

direction to extend the main reference sample line.

Fig. 10 shows an example projection of nearest left reference samples as side reference next to
the extended top reference samples as main reference in case of top-left diagonal prediction with
angle parameter A=17. According to the embodiment of Fig. 10, nearest reference samples are
used as source for generating extended reference samples, i.e., the nearest reference samples
are mapped to extended reference samples. Alternatively, extended reference samples may be

mapped to extended reference samples, see Fig. 9.

A video encoder according to an embodiment such as video encoder 1000 may be configured to
encode, by block based predictive encoding, pictures of a video into coding data, wherein the
block based predictive encoding comprises an intra-picture prediction; to use, for the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of nearest reference samples of
the picture directly neighboring the prediction block and a plurality of extended reference samples,
each extended reference sample of the plurality of extended reference samples separated from
the prediction block at least by one nearest reference sample of the plurality of reference samples.
The video encoder is configured to boundary filtering in a mode where no extended samples are

used; and not to use boundary filtering when extended samples are used; or to boundary filtering
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at least a subset of the plurality of nearest reference samples and not using boundary filtering for

the extended samples.

A corresponding video decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to use, for the intra-picture prediction, for decoding a prediction block
of a picture, a plurality of nearest reference samples of the picture directly neighboring the
prediction block and a plurality of extended reference samples, each extended reference sample
of the plurality of extended reference samples separated from the prediction block at least by one
reference sample of the plurality of reference samples. The video decoder is configured to
boundary filtering in a mode where no extended samples are used; and not to use boundary
filtering when extended samples are used; or to boundary filtering at least a subset of the plurality

of nearest reference samples and not using boundary filtering for the extended samples.

Since the extended reference samples are not directly neighboring the prediction sample,
discontinuities on specific block boundaries may not be as severe as when the nearest reference

samples are used. Therefore, it is beneficial to perform a prediction filtering according to:

e Not perform boundary filtering operations in case extended reference samples are used,
or
¢ Modify boundary smoothing by using the nearest reference samples instead of the

extended reference samples.

With the extended predictions, it is possible to combine predictions from nearest and extended
reference samples so as to obtain a combined prediction. In literature, a fixed combination of a
prediction using the nearest reference samples with a prediction using extended reference
samples with predetermined weights is described. In this case both prediction use the same
prediction mode for all reference areas and signaling the mode also signals the combination of
the predictions. On one hand this reduces the signaling overhead to indicate the reference sample
area but it also removes the flexibility to combine two different prediction modes with two different
reference samples areas. Possible combinations that allow for more flexibility are detailed in the

following.

A video encoder according to an embodiment such as video encoder 1000 may be configured to

encode, by block based predictive encoding, pictures of a video into coding data, wherein the
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block based predictive encoding comprises an intra-picture prediction; to determine, in the intra-
picture prediction, for encoding a prediction block of a picture, a plurality of nearest reference
samples of the picture directly neighboring the prediction block and a plurality of extended
reference samples, each extended reference sample of the plurality of extended reference
samples separated from the prediction block at least by one nearest reference sample of the
plurality of reference samples; to determine a prediction for the prediction block using the
extended reference samples; to filter the extended reference samples so as to obtain a plurality
of filtered extended reference samples. The video encoder is configured to combine the prediction
and the filtered extended reference samples so as to obtain a combined prediction for the

prediction block.

The video encoder may be configured to combine the prediction and extended reference samples
being arranged in a major diagonal or minor diagonal of samples with respect to the prediction
block.

The video encoder may be configured to combine the prediction and the extended reference

samples based on the determination rule:

C(") C(v) C(’l) L‘(h)
e =)~ E (=1 = =1 = D)+ (-1 = Ly) =gl — L =1 = D+ b y) plx,y) + 64
l@‘ 2|@] 2 I MJ

dy Zldx

dy

=2

wherein pc(x,y) denotes the combined prediction for coordinates x and y in the prediction block,
p(x,y) denotes the prediction for coordinates x and y in the prediction block, c?,c?,cl, ¢} are
prediction weights, dy is a parameter set to 1 or 2 dependent on a size of the prediction block in
dimension x, dy is a parameter set to 1 or 2 dependent on a size of the prediction block in
dimension vy, r(x,-1-i) for i>0 is the extended top reference sample at horizontal position x, r(-1-i,y)
for i>0 is the extended left reference sample at vertical position y and r(-1-i,-1-i) for i>0 is an
extended corner reference sample of the plurality of extended reference samples with respect to

a boundary of the prediction block and b(x,y) denotes a normalization factor.

The normalization factor may be determined based on the determination rule:

(v) (v) ) ()

b(x,y)=128—I—y+£2-y—_ﬁl..x. Lo
I I B < A
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The video encoder may be configured to filter the extended reference samples so as to obtain
filtered extended reference samples (r(x,-1-i), r(-1-i,y), r(-1-i,-1-i) for i>0) (combined) using one of
a 3-tap filter, a 5-tap filter and a 7-tap filter and to use the filtered extended reference samples for

the prediction.

The video encoder may be configured to use a combination of extended corner reference samples
of the prediction block and of extended reference samples being arranged in a corner region of

reference samples (r(-1-i,~1-i)).

The video encoder may be configured to obtain the combined prediction based on the

determination rule:

pc(x.y)
) W) §y-1-i .. P (@) ) ~1=i o :
Cy ) ; C, }_.x0:~17(x0:*‘1 -0 [ i Cy Ey ZLr(=1—-1yy) .
—ZIY/“)'] r{x,-1—1) — 7] Tr 1 + ST r(—1—1iy) - ST (] FTT +b(x,y) p(x,y) + 64

128

wherein p¢(x,y) denotes the combined prediction for coordinates x and y in the prediction block,
p(x,y) denotes the prediction for coordinates x and y in the prediction block, ¢?,cy,cl, ck are
prediction weights, dx is a parameter set to 1 or 2 dependent on a size of the prediction block in
dimension x, dy is a parameter set to 1 or 2 dependent on a size of the prediction block in
dimension y, r(x,-1-i) for i>0 is the extended top reference sample at horizontal position x, r(-1-i,y)

Syasly r(=1-1y0)

- for i>0 are
i+1

for i>0 is the extended left reference sample at vertical position y and

the combined extended corner reference samples with respect to a boundary of the prediction

block and b(x,y) denotes a normalization factor.

The video encoder may be configured to obtain the prediction p(x,y) based on an intra-picture

prediction.

The video encoder may be configured to use only planar prediction as intra-picture prediction.

The video encoder may be configured, for each encoded video block, to determine a parameter
set identifying the combination of the prediction and the filtered extended reference samples. The
video encoder may be configured to determine the parameter set identifying the combination of
the prediction and the filtered extended reference samples using a look-up table containing sets

for different block sizes of the prediction block.
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A corresponding video decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to determine, in the intra-picture prediction, for decoding a prediction
block of a picture, a plurality of nearest reference samples of the picture directly neighboring the
prediction block and a plurality of extended reference samples, each extended reference sample
of the plurality of extended reference samples separated from the prediction block at least by one
nearest reference sample of the plurality of reference samples; to determine a prediction for the
prediction block using the extended reference samples; to filter the extended reference samples
so as to obtain a plurality of filtered extended reference samples; and to combine the prediction
and the filtered extended reference samples so as to obtain a combined prediction for the

prediction block.

The video decoder may be configured to combine the prediction and extended reference samples
being arranged in a major diagonal or minor diagonal of samples with respect to the prediction
block.

The video decoder may be configured to combine the prediction and the extended reference

samples based on the determination rule:

RO RO RO RO
yrx-1=0 = (1= =1 =D+ (=1 = 4y) = Fyr(-1 =L -1= ) + b(x,y) - p(x,y) + 64
ey 2 J2] il il

128

wherein pc(X,y) denotes the combined prediction for coordinates x and y in the prediction block,
p(x,y) denotes the prediction for coordinates x and y in the prediction block, ¢¥,c¥,clt, clt are
prediction weights, dy is a parameter set to 1 or 2 dependent on a size of the prediction block in
dimension x, dy is a parameter set to 1 or 2 dependent on a size of the prediction block in
dimension vy, r{x,-1-i) for i>0 is the extended top reference sample at horizontal position x, r(-1-,y)
for i>0 is the extended left reference sample at vertical position y and r(-1-i,-1-i) for i>0 is an
extended corner reference sample of the plurality of extended reference samples with respect to

a boundary of the prediction block and b(x,y) denotes a normalization factor.

The normalization factor may be determined based on the determination rule:
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b(x,y) = 128 ~ I S R

m S o

The video decoder may be configured to filter the extended reference samples so as to obtain
filtered extended reference samples (r(x,-1-i), r{(-1-i,y), r(-1-i,-1-i) for i=0) (combined) using one of
a 3-tap filter, a 5-tap filter and a 7-tap filter and to use the filtered extended reference samples for

the prediction.

The video decoder may be configured to use a combination of extended corner reference samples
of the prediction block and of extended reference samples being arranged in a corner region of

reference samples (r(-1-i,-1-i)).

The video decoder may be configured to obtain the combined prediction based on the

determination rule:

pe(x,y)
) @ 0 ) g-1-i
c ] Yol r(xe, =1 — 1) ¢ . c ZLr(=1—1i,5)
zlyl/dyj -1 -0) - Zb/d ] B +01 + Sty (-1 = LYY = b T “TET =+ b(6y) p(ry) + 64

128

wherein p¢(X,y) denotes the combined prediction for coordinates x and y in the prediction block,
p(x,y) denotes the prediction for coordinates x and y in the prediction block, c?,c¥,cl, ¢} are
prediction weights, dx is a parameter set to 1 or 2 dependent on a size of the prediction block in
dimension x, dy is a parameter set to 1 or 2 dependent on a size of the prediction block in
dimension vy, r(x,-1-i) for i>0 is the extended top reference sample at horizontal position x, r(-1-i,y)

Zy(,——‘l T'( 1- lyO)

for i>0 is the extended left reference sample at vertical position y and ey for i>0 are

the combined extended corner reference samples with respect to a boundary of the prediction

block and b(x,y) denotes a normalization factor.

The video decoder may be configured to obtain the prediction p(x,y) based on an intra-picture
prediction. The video decoder may use, for example, only planar prediction as intra-picture

prediction.

The video decoder may be configured, for each decoded video block, to determine a parameter

set identifying the combination of the prediction and the filtered extended reference samples.
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The video decoder may be configured to determine the parameter set identifying the combination
of the prediction and the filtered extended reference samples using a look-up table containing

sets for different block sizes of the prediction block.

When the reference samples are filtered, it is possible to combine the prediction that uses the
filtered samples with the unfiltered reference samples based on a position of the respective
samples o as to obtain a position depending prediction combination. Let, according to an example
embodiment, p(x,y) be the prediction using filtered reference samples and r(x,y) be the

unfiltered reference samples. The combined prediction p.(x, y) can be calculated as follows:

(v) @) (h) (1)

C [
mr(x,—l) ——2—l72/"—i;]7‘(—1,“1) + WT(_L)/) —%T(_l,—‘l) + b(X,y) ) P(X,y) + 64
128

pe(x,y) =

The coefficients c?,c3, cl, c# are stored prediction weights that are scaled by position dependent
terms where d, = 1 for blocks with width smaller than or equal to 16 and d,, = 2 for blocks with
width larger than 16, d,, = 1 for blocks with height smaller than or equal to 16 and d, = 2 for

blocks with height larger than 16. The normalization factor b(x, y) may be derived as follows:

Cl(u) Cz(v) Cl(h) Céh)

- +
Sidy] | Flidy] | 2 T g/

b(x,y) = 128 —

As already described in connection with the reference sample filtering, the reference sample
filtering for this combination can be different from the filtering for regular predictions. For example,
one of e.g., three or less or more pre-defined low pass filters can be used to smooth the boundary
samples. The three pre-defined low-pass filters can include one 3-tap, one 5-tap and one 7-tap
filter. In order to adapt the smoothing to the content, the selection of smoothing filter can be based
on the block size and the intra prediction mode. Defining hy as the impulse response of a filter k,
and an additional stored weighting parameter a, the filtered reference r’ is computed from the

Wkt

non-filtered reference r as follows where “*" represents convolution:

r=ar+ (1 —a)h,*r)
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Accounting again for different characteristics of different block sizes, one fixed set of prediction

parameters (c¥, c¥, ct, ¢}, a and filter index k) can be defined per block size.

This known combination for nearest reference samples can be improved by embodiments by
using extended reference samples for the filtered and unfiltered reference samples. in the
following, a prediction combination according to an embodiment and with extended reference
samples is shown where the nearest corner sample r(-1,-1) is replaced by the extended corner

sample r(—1 —i,—1 — i) as follows.

C(V) ) C(h) C(’l)
mr(x,~—1~i) r(-1—i-1-D+ dexl?( 1- y)—mﬂ—l—i,~1—i)+b(x,y)-p(x,y)+64

128
Another embodiment for extended reference samples refers to replace the nearest corner sample

C
zly/d ]

pe(x,y) =

r(-1,-1) with the closed extended vertical corner sample r(—1 —i,-1) and horizontal corner

sample r(—1,—1 — i) as follows:

C(V) C(V) ) C(h) C(h) )
—2-1}1-/71]1'(35,—1 —i)y— IJ’/" ]T( 1,-1-i)+ 2[/\'/(1,\ r(-1-4y)— ZW“ st (-1 - L -1) +b(x,y) - plx, y) + 64

128

p(x,y) =

Another embodiment for extended reference samples defines to replace the nearest corner
sample r(-1,-1) with an average of the horizontal and vertical corner samples (both including the

corner sample) as follows.

&) ) 1-i i (h) (h) 1~i
[ . ¢, Xzpee17(xq, —1—1) [ c; 0 Xyeeiar(=1—1,y4)
21)/(1 J7(x —i) - i) T + de J7( 1-iy)— ST/ Tr1 +b(x,y) plx,y) + 64

128

plx,y) =

In one embodiment, the prediction p(x,y) to be combined is a planar prediction. In another
embodiment, the combination can be applied to other intra-picture predictions such as DC or

angular as well.

Alternatively or in addition, to combine a prediction with samples, different extended prediction

modes may be combined.

A video encoder according to an embodiment such as video encoder 1000 may be configured to
encode, by block based predictive encoding, pictures of a video into coding data, wherein the
block based predictive encoding comprises an intra-picture prediction; to use, for the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of nearest reference sampies of

the picture directly neighboring the prediction block and/or a plurality of extended reference
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samples, each extended reference sample of the plurality of extended reference samples
separated from the prediction block at least by one nearest reference sample of the plurality of
reference samples; to determine a first prediction for the prediction block using a first prediction
mode of a set of prediction modes, the first set of prediction modes comprising prediction modes
using the plurality of nearest reference samples in absence of the extended reference samples;
and to determine a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset of the
prediction modes of the first set, the subset being associated with the plurality of extended
reference samples. The video encoder may be configured to weightedly (wo;w;) combine the first
prediction (po(x,y)) and the second prediction (p(x,y)) so as to obtain a combined prediction

(p(x,y)) as prediction for the prediction block in the coding data.

The video encoder may be configured to use the first prediction and the second prediction
according to a predefined combination being a portion of possible combinations of enabled first

prediction modes and enabled second prediction modes.

The video encoder may be configured to signal either the first prediction mode or the second
prediction mode whilst not signaling the other prediction mode. For example, the first mode may
be derived from the parameter i based on additional implicit information such as specific prediction

modes that only may be used in connection with a specific index i or index m.

The video encoder may be configured to exclusively use, as an example for such implicit
information, a planar prediction mode as one of the first prediction mode and the second prediction

mode.

The video encoder may be configured to adapt a first weight applied to the first prediction in the
combined prediction and a second weight applied to the second prediction in the combined
prediction based on a block size of the prediction block; and/or to adapt the first weight based on

the first prediction mode or the second weight based on the second prediction mode.

The video encoder may be configured to adapt a first weight applied to the first prediction in the
combined prediction and a second weight applied to the second prediction in the combined

prediction based on a position and/or distance in the prediction block.
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The video encoder may be configured to adapt the first weight and the second weight based on

the determination rule

p(x,y) = wo(x,y) po(x,¥) + wi(x,y) pi(x,y)

wherein wy(X,y) is the first weight based on the position x,y in the prediction block, w; is the second
weight based on the position x,y in the prediction block, po(x,y) is the first prediction for the position
X,y and pi(x,y) is the second prediction for the position x,y, and i indicates the extended reference

samples to be used for the second prediction.

A corresponding video decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to use, for the intra-picture prediction, for decoding a prediction block
of a picture, a plurality of nearest reference samples of the picture directly neighboring the
prediction block and/or a plurality of extended reference samples, each extended reference
sample of the plurality of extended reference samples separated from the prediction block at least

by one nearest reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the plurality
of nearest reference samples in absence of the extended reference samples; and to determine a
second prediction for the prediction block using a second prediction mode of a second set of
prediction modes, the second set of prediction modes comprising a subset of the prediction
modes of the first set, the subset being associated with the plurality of extended reference
samples. The video decoder may be configured to weightedly (wo;w;) combine the first prediction
(po(x,y)) and the second prediction (pi{x,y)) so as to obtain a combined prediction (p(x,y)) as

prediction for the prediction block in the coding data.

The video decoder may be configured to use the first prediction and the second prediction
according to a predefined combination being a portion of possible combinations of enabled first
prediction modes and enabled second prediction modes. This allows to obtain a low load of

signaling.
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The video decoder may be configured to receive a signal indicating the second prediction mode
whilst not receiving a signal indicating the first prediction mode and to derive the first prediction

mode from the second prediction mode or a parameter information (i).

The video decoder may be configured to exclusively use a planar prediction mode as one of the

first prediction mode and the second prediction mode.

The video decoder may be configured to adapt a first weight applied to the first prediction in the
combined prediction and a second weight applied to the second prediction in the combined
prediction based on a block size of the prediction block; and/or to adapt the first weight based on

the first prediction mode or the second weight based on the second prediction mode.

The video decoder may be configured to adapt a first weight applied to the first prediction in the
combined prediction and a second weight applied to the second prediction in the combined

prediction based on a position and/or distance in the prediction block.

The video decoder may be configured to adapt the first weight and the second weight based on

the determination rule

p(,y) = wolx,y) po(x,y) + wi(x,y) pi(x,y)

wherein wo(x,y) is the first weight based on the position x,y in the prediction block, wi is the second
weight based on the position X,y in the prediction block, po(x,y) is the first prediction for the position
X,y and pi(x,y) is the second prediction for the position x,y, and i indicates the extended reference
samples to be used for the second prediction. For a varying position x,y in the prediction block,
the extended reference samples i may comprise varying distances. Alternatively or in addition,
different sets of predefined extended reference samples, indicated by the area index i and/or by

mode m may comprise different distances to the prediction block.
When using different reference sample areas, it is possible to combine the prediction p,(x, y)

using the nearest reference samples modes with a prediction p;(x,y) using the extended

reference samples i as follows:

p(x,y) = wopo(x,y) + w; pi(x,y)
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One known way to combine the predictions is with fixed weights and using the same prediction

mode for both predictions. This eliminates the need to signal a second prediction mode.

An embodiment to loosen this tight restriction defines to allow only specific combinations of
modes. This still requires signaling of the second mode but it limits the number of mode to signal
compared to the first mode. More details on prediction mode signaling are given in connection
with mode and reference signaling. One promising combination according to an embodiment is
to use only planar as second mode so that an additional signaling of intra modes is obsolete. For
example, one could use p;(x, y) with an arbitrary intra mode as first part of the weighted sum and
the second part is generated by using the nearest reference samples and planar mode. Another

possibility is to switch the order, i.e. the planar mode is used for the extended reference samples.

In order to adapt the weighting to the prediction size and mode, the weights w can be specified
separately per block size as well as per intra prediction mode. Furthermore, the weights can be
signaled on a sequence, picture or slice level to be able to adapt the combination to the video
content. Another embodiment is to weight the different reference sample predictions differently
for different areas inside the prediction block. This may result in position-dependent weights

w(x,y) as follows:

P, y) = wolx,y) po(x,y) + wi(x,y) pi(x,y)

In case of using one prediction and extended reference samples, it is state of the art to signal the
prediction mode and the reference area index i that is used, i.e., to perform mode and reference
area signaling. In the following, embodiments to prediction mode coding in case of using one
and/or more predictions are presented followed by embodiments to extended reference area

index coding.

A video encoder according to an embodiment such as video encoder 1000 may be configured
1000 to encode, by block based predictive encoding, pictures of a video into coding data, wherein
the block based predictive encoding comprises an intra-picture prediction; to use, for the intra-
picture prediction, for encoding a prediction block of a picture, a plurality of nearest reference
samples of the picture directly neighboring the prediction block and/or a plurality of extended
reference samples, each extended reference sample of the plurality of extended reference
samples separated from the prediction block at least by one nearest reference sample of the

plurality of reference samples; to use a prediction mode being one of a first set of prediction
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modes for predicting the prediction block using the nearest reference samples, for example to use
only the nearest sample or at least in absence of extended reference samples; or being one of a
second set of prediction modes for predicting the prediction block using the extended reference
samples; wherein the second set of prediction modes is a subset of the first set of prediction
modes, the second subset may be determined by the encoder; wherein a subset may also include
a coincidence of both sets. The video encoder may be configured to signal a mode information
(m) indicating the prediction mode used for predicting the prediction block; and to afterwards
signal a parameter information (i) indicating a subset of the extended reference samples used for
the prediction mode if the prediction mode is contained in the second set of prediction modes;
and to skip signaling the parameter information when the used prediction mode is not contained
in the second set of prediction modes, thereby allowing the conclusion that the parameter i has a

predefined value such as 0.

The video encoder may be configured to skip signaling the parameter information, when the mode

information indicates a DC mode or a planar mode.

A corresponding video decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to use, for the intra-picture prediction, for decoding a prediction block
of a picture, a plurality of nearest reference samples of the picture directly neighboring the
prediction block and/or a plurality of extended reference samples, each extended reference
sample of the plurality of extended reference samples separated from the prediction block at least
by one nearest reference sample of the plurality of reference samples; to use a prediction mode
being one of a first set of prediction modes for predicting the prediction block using the nearest
reference samples, for example to use only the nearest sample or at least in absence of extended
reference samples; or being one of a second set of prediction modes for predicting the prediction
block using the extended reference samples. The second set of prediction modes is a subset of
the first set of prediction modes and may be determined and/or signaled by the encoder. Being a
subset may include a coincidence of both sets. The video encoder may be configured to receive
a mode information (m) indicating the prediction mode used for predicting the prediction block;
and afterwards receive a parameter information (i) indicating a subset of the extended reference
samples used for the prediction mode thereby indicating that the prediction mode is contained in
the second set of prediction modes; and to delermine that the used prediction mode is not
contained in the second set of prediction modes when not receiving the parameter information

and to determine a use of the nearest reference samples for the prediction.
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The video decoder may be configured to determine the mode information as indicating a use of a

DC mode or a planar mode when not receiving the parameter information.

When the set of allowed intra prediction modes for extended reference samples is restricted, i.e.
a subset of the allowed intra prediction modes for nearest reference samples, there are two
different ways to signal the mode m and the index i, e.g., when the subset is referred to as

restricted prediction modes for the extended reference samples:

1. Signal mode m before index i so that the index signaling can depend on the mode m as
follows:

a. If the mode m is not in the set of allowed modes for extended reference samples,
the signaling of the index i is skipped and the prediction mode m is applied to the
nearest reference samples (i=0)

b. Otherwise, i is signaled and the prediction mode m is applied to the reference

samples indicated by i.

2. Signal index i before the mode m so that the mode signaling can depend in the index i as
follows:
a. Ifiindicates to use extended reference samples (i>0), the set of allowed modes m
to be signaled is equal to the restricted one.
b. Otherwise (i=0), the set of allowed modes m to be signaled is equal to the

unrestricted set of modes

For example, if the mode m is signaled using most probable mode (MPM) coding with an
index to the MPM list, the modes that are not in the allowed set of modes are not included
in the MPM list.

l.e., according to a second option that may be implemented alternatively or in addition, a video
encoder according to an embodiment such as video encoder 1000 may be configured to encode,
by block based predictive encoding, pictures of a video into coding data, wherein the block based
predictive encoding comprises an intra-picture prediction; to use, for the intra-picture prediction,
for encoding a prediction block of a picture, a plurality of reference samples comprising nearest
reference samples of the picture directly neighboring the prediction block and a plurality of

extended reference samples, each extended reference sample of the plurality of extended



10

15

20

25

30

WO 2020/002641 PCT/EP2019/067412
-42-

reference samples separated from the prediction block at least by one nearest reference sample
of the plurality of reference samples; to use a prediction mode being one of a first set of prediction
modes for predicting the prediction block using the nearest reference samples; or being one of a
second set of prediction modes for predicting the prediction block using the extended reference
samples; wherein the second set of prediction modes is a subset of the first set of prediction
modes; to signal a parameter information (i) indicating a subset of the plurality of reference
samples used for the prediction mode, the subset of the plurality of reference samples comprising
nearest reference samples only or extended reference samples; and to afterwards signal a mode
information (m) indicating the prediction mode used for predicting the prediction block, wherein
the mode information indicates a prediction mode from a subset of modes, the subset being

restricted to a set of allowed prediction modes according to the parameter information (i).

For both options, the video decoder be adapted such that the extended reference samples in
modes contained in the second set of prediction modes are used in addition to the nearest

reference samples.

Further, the video encoder may be adapted such that the first set of prediction modes describes
prediction modes allowed for being used with the nearest reference samples, wherein the second
set of prediction modes describes prediction modes of the first set of prediction modes being also

allowed for being used with the extended reference samples.

A range of values of the parameter information i.e., a domain of values that may be represented
by the area index i, may cover a use of the nearest reference values only and a use of different
subsets of extended reference values. As described in connection with Fig. 11, i may represent a
use of nearest reference values only (i=0) a specific set of extended reference values or a

combination of sets (e.g., lines and/or columns or distances) of extended reference values.

According to an embodiment, different portions of extended reference samples comprise a

different distance to the prediction block.

The video encoder may be configured to set the parameter information to one of a predefined
number of values, the value indicating a number and a distance of reference samples used for

the prediction mode.
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The video encoder may be configured to determine the first set of prediction modes and/or the

second set of prediction modes based on a most probable mode coding.

A corresponding decoder of the second option is configured to decode, by block based predictive
decoding, pictures coded in coding data into a video, wherein the block based predictive decoding
comprises an intra-picture prediction; to use, for the intra-picture prediction, for decoding a
prediction block of a picture, a plurality of reference samples comprising nearest reference
samples of the picture directly neighboring the prediction block and a plurality of extended
reference samples, each extended reference sample of the plurality of extended reference
samples separated from the prediction block at least by one nearest reference sample of the
plurality of reference samples; to use a prediction mode being one of a first set of prediction
modes for predicting the prediction block using the nearest reference samples; or being one of a
second set of prediction modes for predicting the prediction block using the extended reference
samples; wherein the second set of prediction modes is a subset of the first set of prediction
modes; to receive a parameter information (i) indicating a subset of the plurality of reference
samples used for the prediction mode, the subset of the plurality of reference samples comprising
nearest reference samples only or an extended reference samples; and to afterwards receive a
mode information (m) indicating the prediction mode used for predicting the prediction block,
wherein the mode information indicates a prediction mode from a subset of modes, the subset

being restricted to a set of allowed prediction modes according to the parameter information (i).

A decoder according to the first option and/or the second option may be adapted such that the
extended reference samples in modes contained in the second set of prediction modes are used
in addition to the nearest reference samples, for example by combining prediction and samples

and/or combining predictions.

The first set of prediction modes may describe prediction modes allowed for being used with the
nearest reference samples, wherein the second set of prediction modes may describe prediction
modes of the first set of prediction modes being also allowed for being used with the extended

reference samples.

As described for the encoder, a range of values of the parameter information covers a use of the

nearest reference values only and a use of different subsets of extended reference values.
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Different portions of extended reference samples may comprise a different distance to the

prediction block.

The video decoder may be configured to set the parameter information to one of a predefined
number of values, the value indicating a number and a distance of reference samples used for

the prediction mode.

The video decoder may be configured to determine the first set of prediction modes and/or the
second set of prediction modes based on a most probable mode (MPM) coding, i.e., it may
generate a respective list, wherein the list may be adapted so as to contain such modes only that

are allowed for the respective samples to be used.

Alternatively or in addition, embodiments relating to combining predictions from nearest and

extended reference samples may be implemented.

A video encoder according to an embodiment such as video encoder 1000 may be configured to
encode, by block based predictive encoding, pictures of a video into coding data, wherein the
block based predictive encoding comprises an intra-picture prediction; to use, for the intra-picture
prediction, for encoding a prediction block of a picture, a plurality of nearest reference samples of
the picture directly neighboring the prediction block and/or a plurality of extended reference
samples, each extended reference sample of the plurality of extended reference samples
separated from the prediction block at least by one nearest reference sample of the plurality of
reference samples; to determine a first prediction for the prediction block using a first prediction
mode of a set of prediction modes, the first set of prediction modes comprising prediction modes
using the plurality of nearest reference samples in absence of the extended reference samples;
to determine a second prediction for the prediction block using a second prediction mode of a
second set of prediction modes, the second set of prediction modes comprising a subset of the
prediction modes of the first set being associated with the plurality of extended reference samples,
and to combine the first prediction and the second prediction so as to obtain a combined prediction

as prediction for the prediction block in the coding data.

The prediction block may be a first prediction block, wherein the video encoder may be configured
to predict a second prediction block of the video using a plurality of nearest reference samples
associated with the second prediction block in absence of a plurality of extended reference

samples associated with the second prediction block. The video encoder may be configured to
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signal a combining information such as a bipred flag indicating that the prediction in the coding
data is based on a combination of predictions or is based on a prediction using the plurality of

extended reference samples in absence of the plurality of nearest reference samples.

The video encoder may be configured to use the first prediction mode as a predefined prediction

mode.

The video encoder may be configured to select the first prediction mode as being a same mode
as the second prediction mode and using the nearest reference samples in absence of the
extended reference samples; or to use the first prediction mode as preset prediction mode such

as a planar prediction mode.

A corresponding video decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to use, for the intra-picture prediction, for decoding a prediction block
of a picture, a plurality of nearest reference samples of the picture directly neighboring the
prediction block and/or a plurality of extended reference samples, each extended reference
sample of the plurality of extended reference samples separated from the prediction block at least
by one nearest reference sample of the plurality of reference samples; to determine a first
prediction for the prediction block using a first prediction mode of a set of prediction modes, the
first set of prediction modes comprising prediction modes using the plurality of nearest reference
samples in absence of the extended reference samples; and to determine a second prediction for
the prediction block using a second prediction mode of a second set of prediction modes, the
second set of prediction modes comprising a subset of the prediction modes of the first set being
associated with the plurality of extended reference samples. The video decoder may be
configured to combine the first prediction and the second prediction so as to obtain a combined

prediction as prediction for the prediction block in the coding data.

The prediction block may be a first prediction block, wherein the video decoder may be configured
to predict a second prediction block of the video using a plurality of nearest reference samples
associated with the second prediction block in absence of a plurality of extended reference
samples associated with the second prediction block. The video decoder may further be
configured to receive the combining information indicating that the prediction in the coding data

is based on a combination of predictions or is based on a prediction using the plurality of extended
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reference samples in absence of the plurality of nearest reference samples and do decode the

coding data accordingly.

The video decoder may be configured to use the first prediction mode as a predefined prediction

mode.

The video decoder may be configured to select the first prediction mode as being a same mode
as the second prediction mode and using the nearest reference samples in absence of the
extended reference samples; or to use the first prediction mode as preset prediction mode such

as the planar mode.

If the reference area index i indicates the use of extended reference samples (i>0), a respective
information such as binary information or a flag, referred to hereinafter as Bi-Prediction flag
(bipred flag) may be used to signal whether the prediction using extended reference samples is

combined with a prediction using nearest reference samples.

If the bipred flag indicates a combination of predictions from nearest (i=0) and extended reference
samples (i>0), the mode for the extended reference samples m; is signaled either before the
reference area index i or after as described herein. The mode for the nearest reference sample
prediction my is fixed, e.g. always set to a specific mode like planar or set to the same mode as

for the extended reference samples.

As will be described in the following, a video encoder according to an embodiment may be
configured to encode, by block based predictive encoding, pictures of a video into coding data,
wherein the block based predictive encoding comprises an intra-picture prediction; to use, in the
intra-picture prediction, for encoding a prediction block of a picture, a plurality of extended
reference samples of the picture, each extended reference sample of the plurality of extended
reference samples separated from the prediction block at least by one nearest reference sample
of the plurality of reference samples, directly neighboring the prediction block; and to use the
plurality of extended reference samples according to a predefined set of pluralities of extended
reference samples, i.e., a list of area indices may be generated and/or used, the list indicating
specific subsets of reference samples, such as nearest reference samples only, at least one
distance of extended reference samples and/or a combination of different distances of extended

reference samples.
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The video encoder may be configured to determine the predefined set of pluralities of extended
reference samples such that pluralities in the set differ with respect to each other by a number or

combination of lines and/or rows of samples of the picture to be used as reference samples.

The video encoder may be configured to determine the predefined set of pluralities of extended
reference samples based on a block size of the prediction block and/or a prediction mode used

to predict the prediction block.

The video encoder may be configured to determine the set of pluralities of extended reference
samples for a block size of the prediction block being at least a predefined threshold and to skip
signaling the set of pluralities of extended reference samples when the block size is below the

predefined threshold value.

The predefined threshold may be a predefined number of samples along a width or height of the
prediction block and/or a predefined aspect ratio of the prediction block along the width and the
height.

The predefined number of samples may be of any number but is preferably 8. Alternatively or in
addition, the aspect ratio may greater than 1/4 and less than 4, probably based on the number of

8 samples defining one quotient of the aspect ratio.

The video encoder may be configured to predict the prediction block as a first prediction block
using the plurality of extended reference samples and to predict a second prediction block (that
may be part of the same or a different picture) not using extended reference samples, wherein
the video encoder is configured to signal a predefined set of pluralities of extended reference
samples associated with the first prediction block and to not signal a predefined set of extended
reference samples in associated with the second prediction block. The predefined set may be

indicated by the reference area index i, for example.

The video encoder may be configured to signal, for each prediction block, information indicating
one of a specific plurality of a set of pluralities of extended reference samples and a use of nearest

reference samples only before information indicating the intra-picture prediction mode.

The video encoder may be configured to signal the information indicating the intra-picture

prediction so as to thereby indicate prediction modes that are in accordance with the indicated
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specific plurality of the set of pluralities of extended reference samples or in accordance with the

indicated use of nearest reference samples, only.

A corresponding video decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein the block based predictive decoding comprises
an intra-picture prediction; to use, in the intra-picture prediction, for decoding a prediction block
of a picture, a plurality of extended reference samples of the picture, each extended reference
sample of the plurality of extended reference samples separated from the prediction block at least
by one nearest reference sample of the plurality of reference samples, directly neighboring the
prediction block; and to use the plurality of extended reference samples according to the

predefined set of pluralities of extended reference samples.

The video decoder may be configured to determine the predefined set of pluralities of extended
reference samples such that pluralities in the set differ with respect to each other by a number or

combination of lines and/or rows of samples of the picture to be used as reference samples.

The video decoder may be configured to determine the predefined set of pluralities of extended
reference samples based on a block size of the prediction block and/or a prediction mode used

to predict the prediction block.

The video decoder may be configured to determine the set of pluralities of extended reference
samples for a block size of the prediction block being at least a predefined threshold and to skip
using the set of pluralities of extended reference samples when the block size is below the

predefined threshold value.

For example, the signaling of the set (which may use a parameter information i or similar syntax)
may be skipped if the top-left sample of the current block at location (x0,y0) is located in the first
row inside a coding tree block (CTB). A CTB may be considered as the basic processing unit into

which a picture is partitioned and which is the root of further block sub-partitioning.

This may be done by checking whether the vertical y-coordinate y0 is not a multiple of the CTB
size. E.g., when the CTB size is 64 luma samples, in the first CTB row, the above blocks inside a
CTB have y0=0, in the second CTB row, they have y0=64 and so on. So for all blocks inside a
CTB, that are located at the upper boundary of this CTB (which can be checked e.g. by a modulo
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operation as follows: y0 % CtbSizeY == 0), the signaling of the parameter i or similar syntax may

be skipped.

The predefined threshold may accordingly be the predefined number of samples along a width or
height of the prediction block and/or a predefined aspect ratio of the prediction block along the
width and the height.

Thus, the predefined number of samples may be 8 and/or the aspect ratio may be required to be

greater than 1/4 and at less than 4.

The video decoder may be configured to predict the prediction block as a first prediction block
using the plurality of extended reference samples and to predict a second prediction block not
using extended reference samples, wherein the video decoder is configured to receive information
indicating a predefined set of pluralities of extended reference samples associated with the first
prediction block, for example, using the area index i, and to determine a predefined set of
extended reference samples in associated with the second prediction block in absence of a

respective signal.

The video decoder may be configured to receive, for each prediction block, information indicating
a one of a specific plurality of a set of pluralities of extended reference samples and a use of

nearest reference samples only before information indicating the intra-picture prediction mode.

The video decoder may be configured to receive the information indicating the intra-picture
prediction so as to thereby indicate prediction modes that are in accordance with the indicated
specific plurality of the set of pluralities of extended reference samples or in accordance with the

indicated use of nearest reference samples, only.

The reference area index can be changed per block and hence, the index can be transmitted in
the bitstream for every prediction block it applies to. Embodiments relate to an extended reference
sample area signaling so as to allow the decoder to use the correct samples. The area may
correspond to the parameter i indicating the extended reference samples or nearest reference
samples. In order to trade-off signaling and the use of further distanced extended reference
samples, a predetermined set of extended reference sample lines can be used. For example, only
two additional extended reference lines can be used which are the lines with index 1 and 3. The

set according to the embodiment may be /1={0,1,3} with |/|=3. This allows the reference sample
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area to be extended up to three additional lines but only require signaling for two. The set could
also be extended to four lines, e.g. 1={0,1,3,4} and only the first MaxNumRefArealdx elements are
used while MaxNumRefArealdx can be fixed or signaled on a sequence, picture or slice level.
The index n into a set | can be signaled in the bitstream using entropy coding and a truncated
unary code as shown in the table illustrated in Fig. 11 showing an example truncated unary code

for a specific set of reference areas for MaxNumRefArealdx equal to 3 and 4.

In order to account for different spatial characteristics of different block sizes, the set of reference
sample lines can also depend on the prediction block size and/or intra prediction mode. In another
embodiment, the set contains only one additional line with index 2 for small blocks and two lines
with index 1 and 3 lines larger blocks. An embodiment for an intra-prediction mode dependent set
selection is to have a different set of reference sample lines for prediction directions between the

horizontal and the vertical directions.

By selecting an empty set for smaller block sizes which does not require signaling, the signaling
of the reference area index could aiso be restricted to larger block sizes. This may basically
disable the use of extended reference samples for smaller block sizes. In one embodiment the
use of extended reference samples could be restricted to a block with both width W and height H
being larger or equal to 8. In addition to that, blocks with one side being smaller than or equal to
one fourth of the other side could also be excluded from using extended reference samples, e.g.
32x8 blocks or, based on the mentioned symmetry, 8x32 blocks. Fig. 12a and Fig. 12b illustrate
this embodiment where some block sizes are already excluded for intra-picture prediction
(Fig. 12a) in general as indicated by reference sign 1102 and blocks shaded accordingly. In this
embodiment it is assumed that intra-picture prediction slices and inter-picture prediction slices
allow different block size combinations. Samples 1104 and blocks shaded accordingly are not
allowed for extended reference samples, i.e., for i>0. Fig. 12a and Fig. 12b show example
restrictions for extended reference samples for intra-picture prediction slices and inter-picture
prediction slices. As may be seen, allowance or restriction of a block dependent from a block size,

in particular from an aspect ratio of the block may be symmetric for quotients W/H and H/W.

In case there exist other intra-prediction modes that do not use extended reference samples, the
reference area index is only signaled if a prediction mode that uses extended reference samples
is signaled. Another way may be to signal the reference area index before all other intra mode
information is signaled. In case the reference area index i/ indicates extended references samples

(i>0), the signaling of mode information that does not use extended reference samples (e.g.
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template matching or trained predictors) can be skipped. This can also skip signaling information
of specific transforms that do not apply to prediction residuals for predictions that use extended

reference samples.

In the following reference is made to embodiments referring to considerations for parallel coding.

A video encoder according to an embodiment may be configured to encode, by block based
predictive encoding a plurality of prediction blocks, pictures of a video into coding data, wherein
the block based predictive encoding comprises an intra-picture prediction; to use, for the intra-
picture prediction, for encoding a prediction block of the plurality of prediction blocks, a plurality
of extended reference samples of the picture, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest reference
sample of the plurality of reference samples, directly neighboring the prediction block; wherein
the video encoder may be configured to determine the extended reference samples so as to be
at least partially a part of an adjacent prediction block of the plurality of prediction blocks, and to
determine that the adjacent prediction block has not yet been predicted; and to signal information
indicating the extended prediction samples associated to the prediction block and arranged in the

adjacent prediction block as unavailable samples.

The video encoder may be configured to encode the pictures by parallel encoding lines of blocks
according to a wavefront approach, and to predict the prediction block based on an angular
prediction, wherein the video encoder is configured to determine the extended reference samples
to be used for predicting the prediction block so as to be arranged in already predicted blocks of
the picture. According to the wavefront approach a coding or decoding of a second line may trail
a decoding of a first line, e.g., separated by one block. For example, in a vertical angular mode of

45° at most one block above right may be coded decoded when starting from the second line.

The video encoder may be configured to signal the extended prediction samples associated to
the prediction block and arranged in the adjacent prediction block variantly as unavailable
samples or available samples on a sequence level, i.e., a sequence of pictures, a picture level or

a slice level, the slice being a part of a picture.

The video encoder may be configured to signal the information indicating the extended prediction
samples associated to the prediction block and arranged in the adjacent prediction block as

unavailable samples together with information indicating a parallel coding of the picture.
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A corresponding decoder may be configured to decode, by block based predictive decoding,
pictures coded in coding data into a video, wherein for each picture a plurality of prediction blocks
is decoded, wherein the block based predictive decoding comprises an intra-picture prediction; to
use, for the intra-picture prediction, for decoding a prediction block of the plurality of prediction
blocks, a plurality of extended reference samples of the picture, each extended reference sample
of the plurality of extended reference samples separated from the prediction block at least by one
nearest reference sample of the plurality of reference samples, directly neighboring the prediction
block; wherein the video decoder is configured to determine the extended reference samples so
as to be at least partially a part of an adjacent prediction block of the plurality of prediction blocks,
and to determine that the adjacent prediction block has not yet been predicted; and to receive
information indicating the extended prediction samples associated to the prediction block and

arranged in the adjacent prediction block as unavailable samples.

The video decoder may be configured to decode the pictures by parallel decoding lines of blocks
according to a wavefront approach, and to predict the prediction block based on an angular
prediction, wherein the video decoder is configured to determine the extended reference samples
to be used for predicting the prediction block so as to be arranged in already predicted blocks of

the picture.

The video decoder may be configured to receive information indicating the extended prediction
samples associated to the prediction block and arranged in the adjacent prediction block variantly

as unavailable samples or available samples on a sequence level, a picture level or a slice level.

The video decoder may be configured to receive the information indicating the extended
prediction samples associated to the prediction block and arranged in the adjacent prediction
block as unavailable samples together with information indicating a parallel decoding of the

picture.

In angular intra-picture prediction, reference samples are copied into the current prediction area
along a specified direction. In case that this direction points to the top right, the required reference
sample area also shifts to the right the larger the distance to the prediction area boundary gets.
Fig. 13 shows an embodiment of vertical angular prediction with an angle of 45 degree of an WxH
prediction block. It can be seen that nearest reference sample area (blue) extends H samples to

the top right of the current WxH block. Extending the prediction to more distant reference sample
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areas, the extended reference samples (green) extend H+1, H+2,... samples to the top right of

the current WxH block.

When for example square Coding Tree Units (CTU) are used as basic processing unit, the
maximum intra prediction block size can be equal to the maximum block size, i.e. the CTU block
size NxN. Fig. 14a and Fig. 14b illustrate the embodiment from Fig. 13 with the WxH prediction
block being equal to the NxN CTU block size. Correspondingly, the extended reference samples
10644 and/or 1064, span over the top right CTU (CTU 2) and reach at least one sample into the
next CTU (CTU 3). l.e., a portion of the extended reference samples 1064, and/or 1064; of the
45° vertical angular prediction may be arranged in unprocessed CTU 3. Those samples may be

unavailable if CTU3 and CTUS5 are processed in parallel.

Fig. 14a and Fig. 14b show an example of required nearest reference samples 1062 and

extended reference samples 1064 in case of diagonal vertical intra-picture prediction.

In Fig. 14b, two CTU lines can be seen. When encoding the two lines in parallel using a wavefront-
like approach, the encoding of the second CTU line can start with CTU 5 once CTU 2 is encoded
and the encoding of CTU 3 starts. In this case, 45-degree vertical angular prediction with extended
reference samples cannot be used in CTU 5 since some reference samples 1104 are located

inside CTU 3. The following approaches can solve this problem:

1. Mark extended reference inside a next basic processing area as unavailable as described
in connection with present embodiments. That way they can be treated like other
unavailable reference samples, e.g. at picture, slice or tile boundaries or when constrained
intra prediction is used that disallows using samples from inter-picture predicted areas as

reference for intra-picture prediction areas.

2. Allow using extended reference samples only for areas and intra-picture prediction modes
so the reference samples do not extend to more than one basic processing unit to the top

right of the current area.

Both approaches can be made switchable by a high-level flag on a sequence, picture or slice
tevel. That way, the encoder can signal the decoder to apply the restrictions in case it is required
by the parallel processing scheme of the encoder. In case that it is not required, the encoder can

signal the decoder that no restrictions apply.
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Another way is to combine the signaling for both restriction with the signaling of parallel encoding
schemes. For example, when wavefront parallel processing is enabled and signaled in the

bitstream, the restriction on extended reference samples also apply.

In the following, some advantageous embodiments are described.

1. In one embodiment, intra prediction is using two additional reference lines with reference
sample area index i=1 and i=3 (see Fig.3). For these extended reference samples lines, only
angular prediction as described herein are allowed. The signaling of the reference sample area
index i is performed as described in connection with Fig. 11 with MaxNumRefArealdx=3 and
signaled before signaling the intra prediction mode. When the reference area index is not equal
to 0, i.e. extended reference lines are used, DC and planar intra prediction modes are not used.
In order to avoid unnecessary signaling, DC and planar modes are excluded from the intra
prediction mode signalization. The intra prediction mode can be coded using an index to a list of
most probable modes (MPM). The MPM list contains a fixed number of prediction mode
candidates which are derived from neighboring blocks. When the neighboring blocks are coded
using the nearest reference lines (i=0), they can use DC or planar mode and hence, the MPM list
derivation process is modified to not include DC and planar mode. If removed, DC and planar
modes can be replaced by horizontal, vertical and bottom left diagonal angular modes to fill up
the list (see Fig. 4a to Fig. 4e). This is done in a way to avoid redundancies, e.g. when the first
candidate mode derived from a neighboring block is vertical and the second candidate mode is
DC, the DC mode is not replaced by a vertical mode but by horizontal since it is not in the list yet.
Another way to prevent unnecessary signaling of DC and planar mode in case of i>0 is to signal
the reference area index i after the prediction mode and condition the signaling of i on the
prediction mode. If the intra prediction mode is equal to DC or planar, no index i is signaled.
However, the previous described method is preferred over this method since this one introduces
a parsing dependency in case the intra prediction mode is signaled using an index to an MPM
list. In order to be able to parse i, the intra prediction mode has to be reconstructed which requires
MPM list derivation. MPM list derivation on the other hand refers to the prediction modes of the
neighboring blocks which needs to be reconstructed before parsing i as well. This undesired
parsing dependency is solved by signaling i before the prediction mode and modify the MPM list
derivation accordingly as described above. A video encoder may be configured to determine a
list of most probable prediction modes based on a use of the plurality of nearest reference

samples or the use of the plurality of extended reference samples for the prediction mode, wherein
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the video encoder is configured to substitute prediction modes restricted for the used reference
samples by modes allowed for the prediction mode. A corresponding video decoder may be
configured to determine a list of most probable prediction modes based on a use of the plurality
of nearest reference samples or the use of the plurality of extended reference samples for the
prediction mode, wherein the video decoder is configured to substitute prediction modes restricted

for the used reference samples by modes allowed for the prediction mode

2. In another embodiment, the intra prediction for extended reference samples is additionally
restricted to be applied to luma samples only. l.e., the video encoder may be configured to apply
prediction using extended reference samples to pictures comprising luma information only.
Accordingly, the video decoder may be configured o apply prediction using extended reference

samples to pictures comprising luma information only.

3. In another embodiment, the extended reference samples (i>0) that exceed the width and
the height of the nearest reference samples (i=0), (see W+H in Fig. 3) are not generated by using
already reconstructed samples (if available) but by padding from the last sample, e.g. r(23,-1-i)
for the top-right samples or r(-1-i,23) for the bottom-left samples in Fig. 3. This reduces the
memory access for the extended reference sample lines. l.e., the video encoder may be
configured to generate extended reference samples exceeding a width and/or a height of nearest
reference samples along a first and a second image direction by padding from a closest extended
reference sample. Accordingly, the video decoder may be configured to generate extended
reference samples exceeding a width and/or a height of nearest reference samples along a first

and a second image direction by padding from a closest extended reference sample.

4, In another embodiment, only every second angular mode can be used for extended
reference samples. Consequently, the MPM list derivation is modified to exclude these modes as
well in addition to DC and planar modes in case of i>0. l.e., the video encoder may be configured
to predict the prediction using an angular prediction mode using only a subset of angles from
possible angles of the angular prediction mode and to exclude unused angles from signaling
encoding information to a decoder. Accordingly, the video decoder may be configured to predict
the prediction using an angular prediction mode using only a subset of angles from possible

angles of the angular prediction mode and to exclude unused angles from the prediction.

5. In another embodiment, the number of additional reference sample lines is increased to 3

(see Fig. 11with MaxNumRefArealdx=4). |.e., the extended reference samples may be arranged
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in at least 2 lines and rows in addition to nearest reference samples, preferably at least 3 lines
and rows. Such configuration may be applied to the video encoder and decoder. The video
encoder may be configured to use a specific plurality of a set of pluralities of extended reference
samples for predicting the prediction block, wherein the video encoder is configured to select the
specific plurality from the set of pluralities so as to comprise a lowest similarity of picture content
when compared to a plurality of nearest reference samples extended by the set, i.e., to use
associated reference samples, e.g., having the same reference area index. Accordingly, a video
decoder may be configured to use a specific plurality of a set of pluralities of extended reference
samples for predicting the prediction block, wherein the video decoder is configured to select the
specific plurality from the set of pluralities so as to comprise a lowest similarity of picture content

when compared o a plurality of nearest reference samples extended by the set.

6. In another embodiment, a flag that indicates whether extended reference samples are used
is signaled instead of the index i. If the flag indicates that extended reference samples are used,
the index i (i>0) is derived by calculating the similarity (e.g. using sum of absolute differences)
between the reference line i>0 and the reference line i=0. The index i that results in the lowest
similarity is chosen. The idea behind that is that the more correlated the extended reference
samples (i>0) and the regular reference samples (i=0) are, the more correlated are the resulting
predictions and hence there is no additional benefit from using the extended reference samples
in prediction. L.e., the video encoder may be configured to signal a use of extended reference
samples using a flag or other, probably binary, information. Accordingly, the video decoder may
be configured to receive information indicating a use of extended reference samples by such a

flag.

7. In another embodiment, a secondary transform like a non-separable secondary transform
(NSST) can be applied after a first transform of the intra prediction residual. In case of extended
reference sample lines, no secondary transform is performed and all signaling related to NSST is
disabled in case of i>0. lL.e., the video encoder may be configured to selectively use the extended
reference samples or nearest reference samples only, wherein the video encoder is configured
to transform a residual obtained by predicting the prediction block using a first transformation
procedure so as to obtain a first transformation result and to transform the first transformation
result using a second transformation procedure so as to obtain a second transformation result
when the extended reference samples are unused for predicting the prediction block. This may
also affect the signalling of whether a second transform is used, i.e. if the use of a second

transform has to be signaled, the signaling may be skipped when extended reference samples
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are used. The video encoder may be configured to signal a use of the secondary transform; or to
implicitly signal a non-use of the secondary transform when indicating a use of the extended
reference samples and to not include information relating to a result of a secondary transform in

the coding data.

Accordingly, the video decoder may be configured to selectively use the extended reference
samples or nearest reference samples only, wherein the video decoder is configured to transform
a residual obtained by predicting the prediction block using a first transformation procedure so as
to obtain a first transformation result and to transform the first transformation result using a second
transformation procedure so as to obtain a second transformation result when the extended
reference samples are unused for predicting the prediction block. The video decoder may video
decoder may be configured to receive information indicating a use of the secondary transform; or
to derive a non-use of the secondary transform when indicating a use of the extended reference
samples and to not receive information relating to a result of a secondary transform in the coding
data.

8. In another embodiment, the prediction that uses extended reference samples (i>0) is
combined with a planar prediction that uses the nearest reference samples (i=0). As outlined in
connection with combining different extended prediction modes, i.e., using extended reference
samples, the weighting can be fixed (e.g. 0.5 and 0.5), block-size dependent or signaled on a
slice, picture or sequence level. In case extended reference samples are used (i>0), an additional
flag indicates whether the combined prediction is applied or not. l.e., the video encoder may be

configured to. Accordingly, the video decoder may be configured to

9. in another embodiment, the signaling of the combined prediction from above is omitted to
reduce the signalization overhead. Instead, the decision of whether to apply the combined
prediction is derived based on an analysis of the nearest reference samples (i=0). One possible
analysis could be the flatness of the nearest reference samples. In case the nearest reference
sample signal is flat (no edges), the combination is applied and if it contains high frequencies and
edges, the combination is not applied. l.e., the video encoder may be configured to. Accordingly,

the video decoder may be configured to

Although some aspects have been described in the context of an apparatus, it is clear that these
aspects also represent a description of the corresponding method, where a block or device

corresponds to a method step or a feature of a method step. Analogously, aspects described in
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the context of a method step also represent a description of a corresponding block or item or

feature of a corresponding apparatus.

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software. The implementation can be performed using a digital
storage medium, for example a floppy disk, a DVD, a CD, a ROM, a PROM, an EPROM, an
EEPROM or a FLASH memory, having electronically readable control signals stored thereon,
which cooperate (or are capable of cooperating) with a programmable computer system such that

the respective method is performed.

Some embodiments according to the invention comprise a data carrier having electronically
readable control signals, which are capable of cooperating with a programmable computer

system, such that one of the methods described herein is performed.

Generally, embodiments of the present invention can be implemented as a computer program
product with a program code, the program code being operative for performing one of the methods
when the computer program product runs on a computer. The program code may for example be

stored on a machine-readable carrier.

Other embodiments comprise the computer program for performing one of the methods described

herein, stored on a machine-readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program having
a program code for performing one of the methods described herein, when the computer program

runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital storage
medium, or a computer-readable medium) comprising, recorded thereon, the computer program

for performing one of the methods described herein.

A further embodiment of the inventive method is, therefore, a data stream or a sequence of signals
representing the computer program for performing one of the methods described herein. The data
stream or the sequence of signals may for example be configured to be transferred via a data

communication connection, for example via the Internet.
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A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or adapted to perform one of the methods described

herein.

A further embodiment comprises a computer having installed thereon the computer program for

performing one of the methods described herein.

In some embodiments, a programmable logic device (for example a field programmable gate
array) may be used to perform some or all of the functionalities of the methods described herein.
In some embodiments, a field programmable gate array may cooperate with a microprocessor in
order to perform one of the methods described herein. Generally, the methods are preferably

performed by any hardware apparatus.

The above described embodiments are merely illustrative for the principles of the present
invention. It is understood that modifications and variations of the arrangements and the details
described herein will be apparent to others skilled in the art. It is the intent, therefore, to be limited
only by the scope of the impending patent claims and not by the specific details presented by way

of description and explanation of the embodiments herein.
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CLAIMS

Video encoder configured to:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction

block;

sequentially determine an availability or unavailability of each of the plurality of extended

reference samples;

substitute an extended reference sample being determined as unavailable by a substitution

sample; and

use the substitution sample for the intra-picture prediction.

The video encoder of claim 1, wherein the video encoder is configured to:

determine the availability or unavailability sequentially according to a sequence;

determine the substitution sample as a copy a last extended reference sample being

determined as available in the sequence; and/or

determine the substitution sample as a copy a next extended reference sample being

determined as available in the sequence.

The video encoder of claim 2, wherein the video encoder is configured to:

determine the availability or unavailability sequentially according to a sequence;
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determine the substitution sample based on a combination of an extended reference sample
being determined as available and being arranged in the sequence prior to the reference
sample being determined as unavailable and of an extended reference sample being
determined as available and being arranged in the sequence after the reference sample

being determined as unavailable.

The video encoder of one of previous claims, wherein the video encoder is configured to:

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and a
plurality of extended reference samples, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples

determine an availability or unavailability of each of the plurality of extended reference

samples;

signal a use of the plurality of extended reference samples when a portion of available
extended reference samples of the plurality of extended reference samples is larger than or

equal a predetermined threshold; and

skip signaling the use of the plurality of extended reference samples when the portion of
available extended reference samples of the plurality of extended reference samples is

below the predetermined threshold.

Video encoder configured to:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block;
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filtering at least a subset of the plurality of extended reference samples using a bilateral
filter or a 3-tap FIR filter so as to obtain a plurality of filtered extended reference samples;

and

use the plurality of filtered extended reference samples for the intra-picture prediction.

The video encoder of claim 5, wherein the video encoder is configured to filter the plurality

of extended reference samples using one of a 3-tap filter, a 5-tap filter and a 7-tap filter.

The video encoder of claim 6, wherein the video encoder is configured to predict the
prediction block using an angular prediction mode; wherein the 3-tap filter, a 5-tap filter and
a 7-tap filter are configured as bilateral filters, wherein the video encoder is configured to
select to use one of the 3-tap filter, the 5-tap filter and the 7-tap filter based on an angle
used for the angular prediction, the angle arranged between a horizontal or a vertical
direction of the angular prediction mode; and/or wherein the video encoder is configured to
select to use one of the 3-tap filter, the 5-tap filter and the 7-tap filter based on a block size

of the prediction block.

The video encoder of claim 7, wherein the video encoder is configured fo select a filter with
increasing taps for increasing angles with from to a horizontal direction or vertical direction

towards a diagonal.

Video encoder configured to:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block, wherein a plurality of nearest reference samples is arranged along a first picture

direction of the prediction block and along a second picture direction of the prediction block;
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map at least a part of the nearest reference samples arranged along the second direction
to extended reference samples being arranged along the first direction, such that the
mapped reference samples exceed an extension of the prediction block along the first

picture direction; and

use the mapped extended reference samples for the prediction.

The video encoder of claim 9, wherein the video encoder is configured to map the portion
of nearest reference samples according to a prediction mode used for predicting the

prediction block.

The video encoder of claim 10, wherein the video encoder is configured to map the portion
of nearest reference samples according to a direction used in the prediction mode for

predicting the prediction block.

Video encoder configured to:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and a
plurality of extended reference samples, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

wherein the video encoder is configured to boundary filtering in a mode where no extended

samples are used; and not to use boundary filtering when extended samples are used; or

wherein the video encoder is configured to boundary filtering at least a subset of the plurality

of nearest reference samples and not using boundary filtering for the extended samples.

Video encoder configured to:
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encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

determining, in the intra-picture prediction, for encoding a prediction block of a picture, a
plurality of nearest reference samples of the picture directly neighboring the prediction block
and a plurality of extended reference samples, each extended reference sample of the
plurality of extended reference samples separated from the prediction block at least by one

nearest reference sample of the plurality of reference samples;
determining a prediction for the prediction block using the extended reference samples;

filtering the extended reference samples so as to obtain a plurality of filtered extended

reference samples; and

combining the prediction and the filtered extended reference samples so as to obtain a

combined prediction for the prediction block.

The video encoder of claim 13, wherein the video encoder is configured to combine the
prediction and extended reference samples being arranged in a major diagonal or minor

diagonal of samples with respect to the prediction block.

The video encoder of claim 13 or 14, wherein the video encoder is configured to combine

the prediction and the extended reference samples based on the determination rule:

C(V) C(V) C(h) C.(h)
(=T =) = (=1 = =1 =)+ (=1 =~ 5 y) ~ (=1 = i, =1~ D) + D(x,y) - p(x,¥) + 64
2!_J 2|@] 2 T,\-‘ lex‘

p(x,y) =

dy

128

wherein p¢(x,y) denotes the combined prediction for coordinates x and y in the prediction
block, p(x,y) denotes the prediction for coordinates x and y in the prediction block,
c?,c¥,ch, ¢l are prediction weights, dy is a parameter set to 1 or 2 dependent on a size of
the prediction block in dimension x, dy is a parameter set to 1 or 2 dependent on a size of
the prediction block in dimension vy, r(x,-1-i) for i=0 is the extended top reference sample at
horizontal position x, r(-1-i,y) for i>0 is the extended left reference sample at vertical position

y and r(-1-i,-1-i) for i=0 is an extended corner reference sample of the plurality of extended
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reference samples with respect to a boundary of the prediction block and b(x,y) denotes a

normalization factor.

The video encoder of claim 15, wherein the normalization factor is determined based on the

determination rule:

) C(v) c(h) c(,,)
b(x,y) = 128»‘—y+Ly_ 1y L2
zld_y} zlﬁl 2[?111 zla—,J

The video encoder of one of claims 13 to 16, wherein the video encoder is configured to
filter the extended reference samples so as to obtain filtered extended reference samples
(r(x,-1-i), r(-1-i,y), r(-1-i,-1-i) for i=0) (combined) using one of a 3-tap filter, a 5-tap filter and

a 7-tap filter and to use the filtered extended reference samples for the prediction.

The video encoder of one of claims 13 to 17, wherein the video encoder is configured to
use a combination of extended corner reference samples of the prediction block and of

extended reference samples being arranged in a corner region of reference samples (r(-1-

i-1-0)).

The video encoder of claim 18, wherein the video encoder is configured to obtain the

combined prediction based on the determination rule:

p(xy)
@) (@) g : Q) 0 g-1-i o :
€ i a2 ZageaT(xe =10 . € Xyoar(=1-iy0) .
o) rix,—1-1) ST/ds] T 1 + ST (-1—-iy) - 2T/ T + b(x,y) p(x,y) + 64
h 128

wherein pc(x,y) denotes the combined prediction for coordinates x and y in the prediction
block, p(x,y) denotes the prediction for coordinates x and y in the prediction block,
cy, cy, ch, ¢ are prediction weights, dx is a parameter set to 1 or 2 dependent on a size of
the prediction block in dimension x, dy is a parameter set to 1 or 2 dependent on a size of
the prediction block in dimension vy, r(x,-1-i} for i>0 is the extended top reference sample at
horizontal position x, r(-1-i,y) for i>0 is the extended left reference sample at vertical position

Lya=t17(=1-iyo)

i+1

y and for i>0 are the combined extended corner reference samples with

respect to a boundary of the prediction block and b(x,y) denotes a normalization factor.
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The video encoder of one of claims 13 to 19, wherein the video encoder is configured to

obtain the prediction p(x,y) based on an intra-picture prediction.

The video encoder of claim 20, wherein the video encoder is configured to use only planar

prediction as intra-picture prediction.

The video encoder of one of claims 13 to 21, wherein the video encoder is configured, for
each encoded video block, to determine a parameter set identifying the combination of the

prediction and the filtered extended reference samples.

The video encoder of claim 22, wherein the video encoder is configured to determine the
parameter set identifying the combination of the prediction and the filtered extended
reference samples using a look-up table containing sets for different block sizes of the

prediction block.

Video encoder configured to:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the

plurality of nearest reference samples in absence of the extended reference samples;

determining a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset
of the prediction modes of the first set, the subset being associated with the plurality of

extended reference samples,
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wherein the video encoder is configured to weightedly (wg;w;) combine the first prediction
(po(x,y)) and the second prediction (pi(x,y)) so as to obtain a combined prediction (p(x,y))

as prediction for the prediction block in the coding data.

The video encoder of claim 24, wherein the video encoder is configured to use the first
prediction and the second prediction according to a predefined combination being a portion
of possible combinations of enabled first prediction modes and enabled second prediction

modes.

The video encoder of claim 24 or 25, wherein the video encoder is configured to signal
either the first prediction mode or the second prediction mode whilst not signaling the other

prediction mode.

The video encoder of one of claims 24 to 26, wherein the video encoder is configured to
exclusively use a planar prediction mode as one of the first prediction mode and the second

prediction mode.

The video encoder of one of claims 24 to 27, wherein the video encoder is configured to
adapt a first weight applied to the first prediction in the combined prediction and a second
weight applied to the second prediction in the combined prediction based on a block size of

the prediction block; and/or

adapt the first weight based on the first prediction mode or the second weight based on the

second prediction mode.
The video encoder of one of claims 24 to 28, wherein the video encoder is configured to
adapt a first weight applied to the first prediction in the combined prediction and a second

weight applied to the second prediction in the combined prediction based on a position.

The video encoder of claim 29, wherein the video encoder is configured to adapt the first

weight and the second weight based on the determination rule

p(x,y) = wo(x,y) po(x,y) + wi(x,y) pi(x,y)
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wherein wo(x,y) is the first weight based on the paosition x,y in the prediction block, w; is the
second weight based on the position x,y in the prediction block, po(x,y) is the first prediction
for the position x,y and pi(x,y) is the second prediction for the position x,y, and i indicates

the extended reference samples to be used for the second prediction.

Video encoder configured to:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

use a prediction mode being one of a first set of prediction modes for predicting the
prediction block using the nearest reference samples; or being one of a second set of
prediction modes for predicting the prediction block using the extended reference samples;

wherein the second set of prediction modes is a subset of the first set of prediction modes;

signal a mode information (m) indicating the prediction mode used for predicting the

prediction block; and

afterwards signal a parameter information (i) indicating a subset of the extended reference
samples used for the prediction mode if the prediction mode is contained in the second set
of prediction modes; and to skip signaling the parameter information when the used

prediction mode is not contained in the second set of prediction modes.
The video encoder of claim 31, wherein the video encoder is configured to skip signaling
the parameter information, when the mode information indicates a DC mode or a planar

mode.

Video encoder configured to:
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encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of reference samples comprising nearest reference samples of the picture directly
neighboring the prediction block and a plurality of extended reference samples, each
extended reference sample of the plurality of extended reference samples separated from
the prediction block at least by one nearest reference sample of the plurality of reference

samples;

use a prediction mode being one of a first set of prediction modes for predicting the
prediction block using the nearest reference samples; or being one of a second set of
prediction modes for predicting the prediction block using the extended reference samples;

wherein the second set of prediction modes is a subset of the first set of prediction modes;

signal a parameter information (i) indicating a subset of the plurality of reference samples
used for the prediction mode, the subset of the plurality of reference samples comprising

nearest reference samples only or extended reference samples;

afterwards signal a mode information (m) indicating the prediction mode used for predicting
the prediction block, wherein the mode information indicates a prediction mode from a
subset of modes, the subset being restricted to a set of allowed prediction modes according

to the parameter information (i).

The video encoder of one of claims 31 to 33, wherein the extended reference samples in
modes contained in the second set of prediction modes are used in addition to the nearest

reference samples.

The video encoder of one of claims 31 to 34, wherein the first set of prediction modes
describes prediction modes aliowed for being used with the nearest reference samples,
wherein the second set of prediction modes describes prediction modes of the first set of

prediction modes being also allowed for being used with the extended reference samples.
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The video encoder of one of claims 31 to 35, wherein a range of values of the parameter
information covers a use of the nearest reference values only and a use of different subsets

of extended reference values.

The video encoder of claim 36, wherein different portions of extended reference samples

comprise a different distance to the prediction block.

The video encoder of claim 36 or 37, wherein the video encoder is configured to set the
parameter information to one of a predefined number of values, the value indicating a

number and a distance of reference samples used for the prediction mode.

The video encoder of one of claims 31 to 38, wherein the video encoder is configured to
determine the first set of prediction modes and/or the second set of prediction modes based

on a most probable mode coding.

Video encoder configured to:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the

plurality of nearest reference samples in absence of the extended reference samples;

determining a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset
of the prediction modes of the first set being associated with the plurality of extended

reference samples,
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wherein the video encoder is configured to combine the first prediction and the second
prediction so as to obtain a combined prediction as prediction for the prediction block in the

coding data.

The video encoder of claim 40, wherein the prediction block is a first prediction block,
wherein the video encoder is configured to predict a second prediction block of the video
using a plurality of nearest reference samples associated with the second prediction block
in absence of a plurality of extended reference samples associated with the second

prediction block;

wherein the video encoder is configured to signal a combining information indicating that
the prediction in the coding data is based on a combination of predictions or is based on a
prediction using the plurality of extended reference samples in absence of the plurality of

nearest reference samples.

The video encoder of claim 40 or 41, wherein the video encoder is configured to use the

first prediction mode as a predefined prediction mode.

The video encoder of claim 42, wherein the video encoder is configured to select the first
prediction mode as being a same mode as the second prediction mode and using the
nearest reference samples in absence of the extended reference samples; or to use the

first prediction mode as preset prediction mode.

Video encoder configured to:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block; and
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use the plurality of extended reference samples according to a predefined set of pluralities

of extended reference samples.

The video encoder of claim 44, wherein the video encoder is configured to determine the
predefined set of pluralities of extended reference samples such that pluralities in the set
differ with respect to each other by a number or combination of lines and/or rows of samples

of the picture to be used as reference samples.

The video encoder of claim 45, wherein the video encoder is configured to determine the
predefined set of pluralities of extended reference samples based on a block size of the

prediction block and/or a prediction mode used to predict the prediction block.

The video encoder of claim 45 or 46, wherein the video encoder is configured to determine
the set of pluralities of extended reference samples for a block size of the prediction block
being at least a predefined threshold and to skip signaling the set of pluralities of extended
reference samples when the block size is below the predefined threshold value or to skip
signaling the set of pluralities of extended reference samples based on a position of the set

of pluralities of extended reference samples within a coding tree block.

The video encoder of claim 47, wherein the predefined threshold is a predefined number of
samples along a width or height of the prediction block and/or a predefined aspect ratio of

the prediction block along the width and the height.

The video encoder of claim 48, wherein the predefined number of samples is 8 and/or

wherein the aspect ratio is greater than 1/4 and less than 4.

The video encoder of one of claims 44 to 49, wherein the video encoder is configured to
predict the prediction block as a first prediction block using the plurality of extended
reference samples and to predict a second prediction block not using extended reference
samples, wherein the video encoder is configured to signal a predefined set of pluralities of
extended reference samples associated with the first prediction block and to not signal a
predefined set of extended reference samples in associated with the second prediction
block.
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The video encoder of one of claims 44 to 50, wherein the video encoder is configured to
signal, for each prediction block, information indicating one of a specific plurality of a set of
pluralities of extended reference samples and a use of nearest reference samples only

before information indicating the intra-picture prediction mode.

The video encoder of claim 51, wherein the video encoder is configured to signal the
information indicating the intra-picture prediction so as to thereby indicate prediction modes
that are in accordance with the indicated specific plurality of the set of pluralities of extended
reference samples or in accordance with the indicated use of nearest reference samples,

only.

Video encoder configured to:

encode, by block based predictive encoding a plurality of prediction blocks, pictures of a
video into coding data, wherein the block based predictive encoding comprises an intra-

picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of the plurality of
prediction blocks, a plurality of extended reference samples of the picture, each extended
reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference

samples, directly neighboring the prediction block;

wherein the video encoder is configured to determine the extended reference samples so
as to be at least partially a part of an adjacent prediction block of the plurality of prediction

blocks, and to determine that the adjacent prediction block has not yet been predicted; and

to signal information indicating the extended prediction samples associated to the prediction

block and arranged in the adjacent prediction block as unavailable samples.

The video encoder of claim 53, wherein the video encoder is configured to encode the
pictures by parallel encoding lines of blocks according to a wavefront approach, and to
predict the prediction block based on an angular prediction, wherein the video encoder is
configured to determine the extended reference samples to be used for predicting the

prediction block so as to be arranged in already predicted blocks of the picture.
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The video encoder of claim 53 or 54, wherein the video encoder is configured to signal the
extended prediction samples associated to the prediction block and arranged in the
adjacent prediction block variantly as unavailable samples or available samples on a

sequence level, a picture level or a slice level.

The video encoder of one of claims 53 to 55, wherein the video encoder is configured to
signal the information indicating the extended prediction samples associated to the
prediction block and arranged in the adjacent prediction block as unavailable samples

together with information indicating a parallel coding of the picture.

The video encoder of one of previous claims, wherein the video encoder is configured to
determine a list of most probable prediction modes based on a use of the plurality of nearest
reference samples or the use of the plurality of extended reference samples for the
prediction mode, wherein the video encoder is configured to substitute prediction modes

restricted for the used reference samples by modes allowed for the prediction mode.

The video encoder of one of previous claims, wherein the video encoder is configured to
apply prediction using extended reference samples to pictures comprising luma information

only.

The video encoder of one of previous claims, wherein the video encoder is configured to
generate extended reference samples exceeding a width and/or a height of nearest
reference samples along a first and a second image direction by padding from a closest

extended reference sample.

The video encoder of one of previous claims, wherein the video encoder is configured to
predict the prediction using an angular prediction mode using only a subset of angles from
possible angles of the angular prediction mode and to exclude unused angles from signaling

encoding information to a decoder.

The video encoder of one of previous claims, wherein the extended reference samples are
arranged in at least 2 lines and rows in addition to nearest reference samples, preferably at

least 3 lines and rows.
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The video encoder of one of previous claims, wherein the video encoder is configured to
use a specific plurality of a set of pluralities of extended reference samples for predicting
the prediction block, wherein the video encoder is configured to select the specific plurality
from the set of pluralities so as to comprise a lowest similarity of picture content when

compared to a plurality of nearest reference samples extended by the set.

The video encoder of claim 62, wherein the video encoder is configured to signal a use of

extended reference samples using a flag.

The video encoder of one of previous claims, wherein the video encoder is configured to
selectively use the extended reference samples or nearest reference samples only, wherein
the video encoder is configured to transform a residual obtained by predicting the prediction
block using a first transformation procedure so as to obtain a first transformation result and
to transform the first transformation result using a second transformation procedure so as
to obtain a second transformation result when the extended reference samples are unused

for predicting the prediction block.

The video encoder of claim 64, wherein the video encoder is configured to signal a use of

the secondary transform; or to

implicitly signal a non-use of the secondary transform when indicating a use of the extended
reference samples and to not include information relating to a result of a secondary

transform in the coding data.

The video encoder of one of previous claims, wherein the prediction is a prediction for a

residual signal to be used in combination with a quantized signal so as to decode the picture.

Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality

of extended reference samples separated from the prediction block at least by one nearest



10

15

20

25

30

35

68.

69.

70.

WO 2020/002641 PCT/EP2019/067412

-76-

reference sample of the plurality of reference samples, directly neighboring the prediction
block;

sequentially determine an availability or unavailability of each of the plurality of extended

reference samples;

substitute an extended reference sample being determined as unavailable by a substitution

sample; and

use the substitution sample for the intra-picture prediction.

The video decoder of claim 67, wherein the video decoder is configured to:

determine the availability or unavailability sequentially according to a sequence;

determine the substitution sample as a copy a last extended reference sample being

determined as available in the sequence; and/or

determine the substitution sample as a copy a next extended reference sample being

determined as available in the sequence.

The video decoder of claim 68, wherein the video decoder is configured to:

determine the availability or unavailability sequentially according to a sequence;

determine the substitution sample based on a combination of an extended reference sample
being determined as available and being arranged in the sequence prior to the reference
sample being determined as unavailable and of an extended reference sample being
determined as available and being arranged in the sequence after the reference sample
being determined as unavailable.

The video decoder of one of claims 67 to 69, wherein the video decoder is configured to:

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality

of nearest reference samples of the picture directly neighboring the prediction block and a
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plurality of extended reference samples, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine an availability or unavailability of each of the plurality of extended reference

samples;

receive information indicating that a portion of available extended reference samples of the
plurality of extended reference samples is larger than or equal a predetermined threshold

and use of the plurality of extended reference samples; and

skip using the plurality of extended reference samples in absence of the information.

Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for decoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block;

filtering at least a subset of the plurality of extended reference samples using a bilateral

filter so as to obtain a plurality of filtered extended reference samples; and

use the plurality of filtered extended reference samples for the intra-picture prediction.

The video encoder of claim 71, wherein the video decoder is configured to filter the plurality

of extended reference samples using one of a 3-tap filter, a 5-tap filter and a 7-tap filter.

The video decoder of claim 72, wherein the 3-tap filter, a 5-tap filter and a 7-tap filter are
configured as bilateral filters, wherein the video decoder is configured to predict the

prediction block using an angular prediction mode, and to select to use one of the 3-tap
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filter, the 5-tap filter and the 7-tap filter based on an angle used for the angular prediction,
the angle arranged between a horizontal or a vertical direction of the angular prediction
mode; and/or wherein the video decoder is configured to select to use one of the 3-tap filter,

the 5-tap filter and the 7-tap filter based on a block size of the prediction block.

The video encoder of claim 73, wherein the video decoder is configured to select a filter
with increasing taps for increasing angles from to a horizontal direction or vertical direction

towards a diagonal.

Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for decoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block, wherein a plurality of nearest reference samples is arranged along a first picture

direction of the prediction block and along a second picture direction of the prediction block;

map at least a part of the nearest reference samples arranged along the second direction
to extended reference samples being arranged along the first direction, such that the
mapped reference samples exceed an extension of the prediction block along the first

picture direction; and

use the mapped extended reference samples for the prediction.

The video decoder of claim 75, wherein the video decoder is configured to map the portion
of nearest reference samples according to a prediction mode used for predicting the

prediction block.

The video decoder of claim 76, wherein the video decoder is configured to map the portion
of nearest reference samples according to a direction used in the prediction mode for

predicting the prediction block.
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Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and a
plurality of extended reference samples, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

wherein the video decoder is configured to boundary filtering in a mode where no extended

samples are used; and not to use boundary filtering when extended samples are used; or

wherein the video decoder is configured to boundary filtering at least a subset of the plurality

of nearest reference samples and not using boundary filtering for the extended samples.

Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

determining, in the intra-picture prediction, for decoding a prediction block of a picture, a
plurality of nearest reference samples of the picture directly neighboring the prediction block
and a plurality of extended reference samples, each extended reference sample of the
plurality of extended reference samples separated from the prediction block at least by one

nearest reference sample of the plurality of reference samples;

determining a prediction for the prediction block using the extended reference samples;

filtering the extended reference samples so as to obtain a plurality of filtered extended

reference samples; and
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combining the prediction and the filtered extended reference samples so as to obtain a

combined prediction for the prediction block.

The video decoder of claim 79, wherein the video decoder is configured to combine the
prediction and extended reference samples being arranged in a major diagonal or minor

diagonal of samples with respect to the prediction block.

The video decoder of claim 79 or 80, wherein the video decoder is configured to combine

the prediction and the extended reference samples based on the determination rule:

(v) C(h) (h)

1(x -1-i- r(—-1—-§-1-i)+ r(—1- r(—1 -0 -1-D+b(x,y) plxy) + 64

la J x ] '

pc(xy) = 128
wherein p¢(x,y) denotes the combined prediction for coordinates x and y in the prediction
block, p(x,y) denotes the prediction for coordinates x and y in the prediction block,
¥, ¢y, ch, c! are prediction weights, d« is a parameter set to 1 or 2 dependent on a size of
the prediction block in dimension x, dy, is a parameter set to 1 or 2 dependent on a size of
the prediction block in dimension vy, r(x,-1-i) for i>0 is the extended top reference sample at
horizontal position x, r(-1-i,y) for i>0 is the extended left reference sample at vertical position
y and r(-1-i,-1-i) for i>0 is an extended corner reference sample of the plurality of extended
reference samples with respect to a boundary of the prediction block and b(x,y) denotes a

normalization factor.

The video decoder of claim 83, wherein the normalization factor is determined based on the

determination rule:

(v) SO ()
c C

R PR
[

The video decoder of one of claims 79 to 82, wherein the video decoder is configured to
filter the extended reference samples so as to obtain filtered extended reference samples
(r(x,-1-i), r(-1-i,y), r(-1-i,-1-i} for i=0) (combined) using one of a 3-tap filter, a 5-tap filter and

a 7-tap filter and to use the filtered extended reference samples for the prediction.
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The video decoder of one of claims 79 to 83, wherein the video decoder is configured to
use a combination of extended corner reference samples of the prediction block and of

extended reference samples being arranged in a corner region of reference samples (r(-1-

i,-1-0)).

The video decoder of claim 84, wherein the video decoder is configured to obtain the

combined prediction based on the determination rule:

Pe(, %)
O] @) 1= ; Q) " y-1-i . :
[ 6 Beiiir(x, =1 1) c oy 6 Tt (=1-4y,) .
B zly/dyjr(x’ 1-0 Slv7dy] T+ 1 + o TG LY) o T +b(x,y) plx,y) + 64

128

wherein p¢(x,y) denotes the combined prediction for coordinates x and y in the prediction
block, p(x,y) denotes the prediction for coordinates x and y in the prediction block,
c?,c¥,ct, ¢} are prediction weights, dx is a parameter set to 1 or 2 dependent on a size of
the prediction block in dimension x, dy is a parameter set to 1 or 2 dependent on a size of
the prediction block in dimension vy, r(x,-1-i) for i>0 is the extended top reference sample at
horizontal position x, r(-1-i,y) for i>0 is the extended left reference sample at vertical position

Yamea T(=1=Lyp)

y and z for i>0 are the combined extended corner reference samples with

i+1

respect to a boundary of the prediction block and b(x,y) denotes a normalization factor.

The video decoder of one of claims 79 to 85, wherein the video decoder is configured to

obtain the prediction p(x,y) based on an intra-picture prediction.

The video decoder of claim 86, wherein the video decoder is configured to use only planar

prediction as intra-picture prediction.

The video decoder of one of claims 79 to 87, wherein the video decoder is configured, for
each decoded video block, to determine a parameter set identifying the combination of the

prediction and the filtered extended reference samples.

The video decoder of claim 88, wherein the video decoder is configured to determine the
parameter set identifying the combination of the prediction and the filtered extended
reference samples using a look-up table containing sets for different block sizes of the

prediction block.
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Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the

plurality of nearest reference samples in absence of the extended reference samples;

determining a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset
of the prediction modes of the first set, the subset being associated with the plurality of

extended reference samples,

wherein the video decoder is configured to weightedly (wo;w;) combine the first prediction
(po(x,y)) and the second prediction (pix,y)) so as to obtain a combined prediction (p(x,y))

as prediction for the prediction block in the coding data.

The video decoder of claim 90, wherein the video decoder is configured to use the first
prediction and the second prediction according to a predefined combination being a portion
of possible combinations of enabled first prediction modes and enabled second prediction

modes.

The video decoder of claim 90 or 91, wherein the video decoder is configured to receive a
signal indicating the second prediction mode whilst not receiving a signal indicating the first
prediction mode and to derive the first prediction mode from the second prediction mode or

a parameter information (i).
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The video decoder of one of claims 90 to 92, wherein the video decoder is configured to
exclusively use a planar prediction mode as one of the first prediction mode and the second

prediction mode.

The video decoder of one of claims 90 to 93, wherein the video decoder is configured to
adapt a first weight applied to the first prediction in the combined prediction and a second
weight applied to the second prediction in the combined prediction based on a block size of

the prediction block; and/or

adapt the first weight based on the first prediction mode or the second weight based on the

second prediction mode.

The video decoder of one of claims 90 to 94, wherein the video decoder is configured to
adapt a first weight applied to the first prediction in the combined prediction and a second
weight applied to the second prediction in the combined prediction based on a position in

the prediction block.

The video decoder of claim 95, wherein the video decoder is configured to adapt the first

weight and the second weight based on the determination rule

p(,y) = wo(x,¥) po(x,¥) + w;i(x,y) pi(x,y)

wherein wo(X,y) is the first weight based on the position X,y in the prediction block, w; is the
second weight based on the position x,y in the prediction block, po(x,y) is the first prediction
for the position x,y and pi(x,y) is the second prediction for the position x,y, and i indicates

the extended reference samples to be used for the second prediction.

Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or

a plurality of extended reference samples, each extended reference sample of the plurality
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of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

use a prediction mode being one of a first set of prediction modes for predicting the
prediction block using the nearest reference samples; or being one of a second set of
prediction modes for predicting the prediction block using the extended reference samples;

wherein the second set of prediction modes is a subset of the first set of prediction modes;

receive a mode information (m) indicating the prediction mode used for predicting the

prediction block; and

afterwards receive a parameter information (i) indicating a subset of the extended reference
samples used for the prediction mode thereby indicating that the prediction mode is
contained in the second set of prediction modes; and to determine that the used prediction
mode is not contained in the second set of prediction modes when not receiving the
parameter information and to determine a use of the nearest reference samples for the

prediction.

The video decoder of claim 97, wherein the video decoder is configured to determine the
mode information as indicating a use of a DC mode or a planar mode when not receiving

the parameter information.

Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of reference samples comprising nearest reference samples of the picture directly
neighboring the prediction block and a plurality of extended reference samples, each
extended reference sample of the plurality of extended reference samples separated from
the prediction block at least by one nearest reference sample of the plurality of reference

samples;
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use a prediction mode being one of a first set of prediction modes for predicting the
prediction block using the nearest reference samples; or being one of a second set of
prediction modes for predicting the prediction block using the extended reference samples;

wherein the second set of prediction modes is a subset of the first set of prediction modes;

receive a parameter information (i) indicating a subset of the plurality of reference samples
used for the prediction mode, the subset of the plurality of reference samples comprising

nearest reference samples only or at least one extended reference sample;

afterwards receive a mode information (m) indicating the prediction mode used for
predicting the prediction block, wherein the mode information indicates a prediction mode
from a subset of modes, the subset being restricted to a set of allowed prediction modes

according to the parameter information (i).

The video decoder of claim 97 to 99, wherein the extended reference samples in modes
contained in the second set of prediction modes are used in addition to the nearest

reference samples.

The video decoder of one of claims 97 to 100, wherein the first set of prediction modes
describes prediction modes allowed for being used with the nearest reference samples,
wherein the second set of prediction modes describes prediction modes of the first set of

prediction modes being also allowed for being used with the extended reference samples.

The video decoder of one of claims 97 to 101, wherein a range of values of the parameter
information covers a use of the nearest reference values only and a use of different subsets

of extended reference values.

The video decoder of claim 102, wherein different portions of extended reference samples

comprise a different distance to the prediction block.

The video decoder of claim 102 or 103, wherein the video decoder is configured to set the
parameter information to one of a predefined number of values, the value indicating a

number and a distance of reference samples used for the prediction mode.
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The video decoder of one of claims 97 to 104, wherein the video decoder is configured to
determine the first set of prediction modes and/or the second set of prediction modes based

on a most probable mode coding.

Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the

plurality of nearest reference samples in absence of the extended reference samples;

determining a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset
of the prediction modes of the first set being associated with the plurality of extended

reference samples,

wherein the video decoder is configured to combine the first prediction and the second
prediction so as to obtain a combined prediction as prediction for the prediction block in the

coding data.

The video decoder of claim 106, wherein the prediction block is a first prediction block,
wherein the video decoder is configured to predict a second prediction block of the video
using a plurality of nearest reference samples associated with the second prediction block
in absence of a plurality of extended reference samples associated with the second

prediction block;
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wherein the video decoder is configured to receive a combining information indicating that
the prediction in the coding data is based on a combination of predictions or is based on a
prediction using the plurality of extended reference samples in absence of the plurality of

nearest reference samples and do decode the coding data accordingly.

The video decoder of claim 106 or 107, wherein the video decoder is configured to use the

first prediction mode as a predefined prediction mode.

The video decoder of claim 108, wherein the video decoder is configured to select the first
prediction mode as being a same mode as the second prediction mode and using the
nearest reference samples in absence of the extended reference samples; or to use the

first prediction mode as preset prediction mode.

Video decoder configured to:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for decoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block; and

use the plurality of extended reference samples according to a predefined set of pluralities

of extended reference samples.

The video decoder of claim 110, wherein the video decoder is configured to determine the
predefined set of pluralities of extended reference samples such that pluralities in the set
differ with respect to each other by a number or combination of lines and/or rows of samples

of the picture to be used as reference samples.

The video decoder of claim 111, wherein the video decoder is configured to determine the
predefined set of pluralities of extended reference samples based on a block size of the

prediction block and/or a prediction mode used to predict the prediction block.
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The video decoder of claim 111 or 112, wherein the video decoder is configured to
determine the set of pluralities of extended reference samples for a block size of the
prediction block being at least a predefined threshold and to skip using the set of pluralities

of extended reference samples when the block size is below the predefined threshold value.

The video decoder of claim 113, wherein the predefined threshold is a predefined number
of samples along a width or height of the prediction block and/or a predefined aspect ratio

of the prediction block along the width and the height.

The video decoder of claim 114, wherein the predefined number of samples is 8 and/or

wherein the aspect ratio is greater than 1/4 and at less than 4.

The video decoder of one of claims 110 to 115, wherein the video decoder is configured to
predict the prediction block as a first prediction block using the plurality of extended
reference samples and to predict a second prediction block not using extended reference
samples, wherein the video decoder is configured to receive information indicating a
predefined set of pluralities of extended reference samples associated with the first
prediction block and to determine a predefined set of extended reference samples in

associated with the second prediction block in absence of a respective signal.

The video decoder of one of claims 110 to 116, wherein the video decoder is configured to
receive, for each prediction block, information indicating a one of a specific plurality of a set
of pluralities of extended reference samples and a use of nearest reference samples only

before information indicating the intra-picture prediction mode.

The video decoder of claim 117, wherein the video decoder is configured to receive the
information indicating the intra-picture prediction so as to thereby indicate prediction modes
that are in accordance with the indicated specific plurality of the set of pluralities of extended
reference samples or in accordance with the indicated use of nearest reference samples,

only.

Video decoder configured to:
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decode, by block based predictive decoding, pictures coded in coding data into a video,
wherein for each picture a plurality of prediction blocks is decoded, wherein the block based

predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of the plurality of
prediction blocks, a plurality of extended reference samples of the picture, each extended
reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference

samples, directly neighboring the prediction block;

wherein the video decoder is configured to determine the extended reference samples so
as to be at least partially a part of an adjacent prediction block of the plurality of prediction

biocks, and to determine that the adjacent prediction block has not yet been predicted; and

to receive information indicating the extended prediction samples associated to the

prediction block and arranged in the adjacent prediction block as unavailable samples.

The video decoder of claim 119, wherein the video decoder is configured to decode the
pictures by parallel decoding lines of blocks according to a wavefront approach, and to
predict the prediction block based on an angular prediction, wherein the video decoder is
configured to determine the extended reference samples to be used for predicting the

prediction block so as to be arranged in already predicted blocks of the picture.

The video decoder of claim 119 or 120, wherein the video decoder is configured to receive
information indicating the extended prediction samples associated to the prediction block
and arranged in the adjacent prediction block variantly as unavailable samples or available

samples on a sequence level, a picture level or a slice level.

The video decoder of one of claims 119 to 121, wherein the video decoder is configured to
receive the information indicating the extended prediction samples associated to the
prediction block and arranged in the adjacent prediction block as unavailable samples

together with information indicating a parallel decoding of the picture.

The video decoder of one of claims 68 to 122, wherein the video decoder is configured to

determine a list of most probable prediction modes based on a use of the plurality of nearest
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reference samples or the use of the plurality of extended reference samples for the
prediction mode, wherein the video decoder is configured to substitute prediction modes

restricted for the used reference samples by modes allowed for the prediction mode.

The video decoder of one of claims 68 to 123, wherein the video decoder is configured to
apply prediction using extended reference samples to pictures comprising luma information

only.

The video decoder of one of claims 68 to 124, wherein the video decoder is configured to
generate extended reference samples exceeding a width and/or a height of nearest
reference samples along a first and a second image direction by padding from a closest

extended reference sample.

The video decoder of one of claims 68 to 125, wherein the video decoder is configured to
predict the prediction using an angular prediction mode using only a subset of angles from
possible angles of the angular prediction mode and to exclude unused angles from the

prediction.

The video decoder of one of claims 68 to 126, wherein the extended reference samples are
arranged in at least 2 lines and rows in addition to nearest reference samples, preferably at

least 3 lines and rows.

The video decoder of one of claims 68 to 127, wherein the video decoder is configured to
use a specific plurality of a set of pluralities of extended reference samples for predicting
the prediction block, wherein the video decoder is configured to select the specific plurality
from the set of pluralities so as to comprise a lowest similarity of picture content when

compared to a plurality of nearest reference samples extended by the set.

The video decoder of claim 128, wherein the video decoder is configured to receive

information indicating a use of extended reference samples by a flag.

The video decoder of one of claims 68 to 129, wherein the video decoder is configured to
selectively use the extended reference samples or nearest reference samples only, wherein
the video decoder is configured to transform a residual obtained by predicting the prediction

block using a first transformation procedure so as to obtain a first transformation result and
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to transform the first transformation result using a second transformation procedure so as
to obtain a second transformation result when the extended reference samples are unused

for predicting the prediction block.

The video decoder of claim 130, wherein the video decoder is configured to receive

information indicating a use of the secondary transform; or to

derive a non-use of the secondary transform when indicating a use of the extended
reference samples and to not receive information relating to a result of a secondary

transform in the coding data.

The video decoder of one of claims 68 to 131, wherein the prediction is a prediction for a

residual signal to be used in combination with a quantized signal so as to decode the picture.

Method for encoding a video, the method comprising:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block;

sequentially determine an availability or unavailability of each of the plurality of extended

reference samples;

substitute an extended reference sample being determined as unavailable by a substitution

sample; and

use the substitution sample for the intra-picture prediction.

Method for encoding a video, the method comprising:
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encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block;

filtering at least a subset of the plurality of extended reference samples using a bilateral

filter so as to obtain a plurality of filtered extended reference samples; and

use the plurality of filtered extended reference samples for the intra-picture prediction.

Method for encoding a video, the method comprising:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block, wherein a plurality of nearest reference samples is arranged along a first picture

direction of the prediction block and along a second picture direction of the prediction block;
map at least a part of the nearest reference samples arranged along the second direction
to extended reference samples being arranged along the first direction, such that the
mapped reference samples exceed an extension of the prediction block along the first
picture direction; and

use the mapped extended reference samples for the prediction.

Method for encoding a video, the method comprising:
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encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and a
plurality of extended reference samples, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

boundary filtering in a mode where no extended samples are used; and not to use boundary

filtering when extended samples are used; or

boundary filtering at least a subset of the plurality of nearest reference samples and not

using boundary filtering for the extended samples.

Method for encoding a video, the method comprising:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

determining, in the intra-picture prediction, for encoding a prediction block of a picture, a
plurality of nearest reference samples of the picture directly neighboring the prediction block
and a plurality of extended reference samples, each extended reference sample of the
plurality of extended reference samples separated from the prediction block at least by one

nearest reference sample of the plurality of reference samples;

determining a prediction for the prediction block using the extended reference samples;

filtering the extended reference samples so as to obtain a plurality of filtered extended

reference samples; and

combining the prediction and the filtered extended reference samples so as to obtain a

combined prediction for the prediction block.

138. Method for encoding a video, the method comprising:
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encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the

plurality of nearest reference samples in absence of the extended reference samples;

determining a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset
of the prediction modes of the first set, the subset being associated with the plurality of

extended reference samples,

to weightedly (wo;w;) combine the first prediction (po(x,y)) and the second prediction (pi(x,y))
so as to obtain a combined prediction (p(x,y)) as prediction for the prediction block in the

coding data.

Method for encoding a video, the method comprising:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;
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use a prediction mode being one of a first set of prediction modes for predicting the
prediction block using the nearest reference samples; or being one of a second set of
prediction modes for predicting the prediction block using the extended reference samples;

wherein the second set of prediction modes is a subset of the first set of prediction modes;

signal a mode information (m) indicating the prediction mode used for predicting the

prediction block; and

afterwards signal a parameter information (i) indicating a subset of the extended reference
samples used for the prediction mode if the prediction mode is contained in the second set
of prediction modes; and to skip signaling the parameter information when the used

prediction mode is not contained in the second set of prediction modes.
Method for encoding a video, the method comprising:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of reference samples comprising nearest reference samples of the picture directly
neighboring the prediction block and a plurality of extended reference samples, each
extended reference sample of the plurality of extended reference samples separated from
the prediction block at least by one nearest reference sample of the plurality of reference

samples;

use a prediction mode being one of a first set of prediction modes for predicting the
prediction block using the nearest reference samples; or being one of a second set of
prediction modes for predicting the prediction block using the extended reference samples;

wherein the second set of prediction modes is a subset of the first set of prediction modes;

signal a parameter information (i) indicating a subset of the plurality of reference samples
used for the prediction mode, the subset of the plurality of reference samples comprising

nearest reference samples only or extended reference samples;
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afterwards signal a mode information (m) indicating the prediction mode used for predicting
the prediction block, wherein the mode information indicates a prediction mode from a
subset of modes, the subset being restricted to a set of allowed prediction modes according

to the parameter information (i).

Method for encoding a video, the method comprising:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the

plurality of nearest reference samples in absence of the extended reference samples;

determining a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset
of the prediction modes of the first set being associated with the plurality of extended

reference samples,

combine the first prediction and the second prediction so as to obtain a combined prediction

as prediction for the prediction block in the coding data.

Method for encoding a video, the method comprising:

encode, by block based predictive encoding, pictures of a video into coding data, wherein

the block based predictive encoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of

extended reference samples of the picture, each extended reference sample of the plurality
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of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block; and

use the plurality of extended reference samples according to a predefined set of pluralities

of extended reference samples.

Method for encoding a video, the method comprising:

encode, by block based predictive encoding a plurality of prediction blocks, pictures of a
video into coding data, wherein the block based predictive encoding comprises an intra-

picture prediction;

use, for the intra-picture prediction, for encoding a prediction block of the plurality of
prediction blocks, a plurality of extended reference samples of the picture, each extended
reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference

samples, directly neighboring the prediction block;

determine the extended reference samples so as to be at least partially a part of an adjacent
prediction block of the plurality of prediction blocks, and to determine that the adjacent

prediction block has not yet been predicted; and

to signal information indicating the extended prediction samples associated to the prediction

block and arranged in the adjacent prediction block as unavailable samples.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for encoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality

of extended reference samples separated from the prediction block at least by one nearest
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reference sample of the plurality of reference samples, directly neighboring the prediction

block;

sequentially determine an availability or unavailability of each of the plurality of extended

reference samples;

substitute an extended reference sample being determined as unavailable by a substitution

sample; and

use the substitution sample for the intra-picture prediction.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for decoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction
block;

filtering at least a subset of the plurality of extended reference samples using a bilateral

filter so as to obtain a plurality of filtered extended reference samples; and

use the plurality of filtered extended reference samples for the intra-picture prediction.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for decoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality

of extended reference samples separated from the prediction block at least by one nearest
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reference sample of the plurality of reference samples, directly neighboring the prediction
block, wherein a plurality of nearest reference samples is arranged along a first picture

direction of the prediction block and along a second picture direction of the prediction block;

map at least a part of the nearest reference samples arranged along the second direction
to extended reference samples being arranged along the first direction, such that the
mapped reference samples exceed an extension of the prediction block along the first

picture direction; and

use the mapped extended reference samples for the prediction.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and a
plurality of extended reference samples, each extended reference sample of the plurality of
extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

boundary filtering in a mode where no extended samples are used; and not to use boundary

filtering when extended samples are used; or

boundary filtering at least a subset of the plurality of nearest reference samples and not

using boundary filtering for the extended samples.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

determining, in the intra-picture prediction, for decoding a prediction block of a picture, a

plurality of nearest reference samples of the picture directly neighboring the prediction block
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and a plurality of extended reference samples, each extended reference sample of the
plurality of extended reference samples separated from the prediction block at least by one

nearest reference sample of the plurality of reference samples;

determining a prediction for the prediction block using the extended reference samples; and

filtering the extended reference samples so as to obtain a plurality of filtered extended

reference samples; and

combining the prediction and the filtered extended reference samples so as to obtain a

combined prediction for the prediction block.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the

plurality of nearest reference samples in absence of the extended reference samples;

determining a second prediction for the prediction block using a second prediction mode of
a second set of prediction modes, the second set of prediction modes comprising a subset
of the prediction modes of the first set, the subset being associated with the plurality of

extended reference samples,

weightedly (wo;wi) combine the first prediction (po(x,y)) and the second prediction (pi(x,y))
s0 as to obtain a combined prediction (p(x,y)) as prediction for the prediction block in the

coding data.
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150. Method for decoding a video, the method comprising:

151.

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

use a prediction mode being one of a first set of prediction modes for predicting the
prediction block using the nearest reference samples; or being one of a second set of
prediction modes for predicting the prediction block using the extended reference samples;

wherein the second set of prediction modes is a subset of the first set of prediction modes;

receive a mode information (m) indicating the prediction mode used for predicting the

prediction block; and

afterwards receive a parameter information (i) indicating a subset of the extended reference
samples used for the prediction mode thereby indicating that the prediction mode is
contained in the second set of prediction modes; and determine that the used prediction
mode is not contained in the second set of prediction modes when not receiving the
parameter information and to determine a use of the nearest reference samples for the

prediction.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of reference samples comprising nearest reference samples of the picture directly

neighboring the prediction block and a plurality of extended reference samples, each
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extended reference sample of the plurality of extended reference samples separated from
the prediction block at least by one nearest reference sample of the plurality of reference

samples;

use a prediction mode being one of a first set of prediction modes for predicting the
prediction block using the nearest reference samples; or being one of a second set of
prediction modes for predicting the prediction block using the extended reference samples;

wherein the second set of prediction modes is a subset of the first set of prediction modes;

receive a parameter information (i) indicating a subset of the plurality of reference samples
used for the prediction mode, the subset of the plurality of reference samples comprising

nearest reference samples only or at least one extended reference samples;

afterwards receive a mode information (m) indicating the prediction mode used for
predicting the prediction block, wherein the mode information indicates a prediction mode
from a subset of modes, the subset being restricted to a set of allowed prediction modes

according to the parameter information (i).

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of a picture, a plurality
of nearest reference samples of the picture directly neighboring the prediction block and/or
a plurality of extended reference samples, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest

reference sample of the plurality of reference samples;

determine a first prediction for the prediction block using a first prediction mode of a set of
prediction modes, the first set of prediction modes comprising prediction modes using the

plurality of nearest reference samples in absence of the extended reference samples;

determining a second prediction for the prediction block using a second prediction mode of

a second set of prediction modes, the second set of prediction modes comprising a subset
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of the prediction modes of the first set being associated with the plurality of extended

reference samples,

combine the first prediction and the second prediction so as to obtain a combined prediction

as prediction for the prediction block in the coding data.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,

wherein the block based predictive decoding comprises an intra-picture prediction;

use, in the intra-picture prediction, for decoding a prediction block of a picture, a plurality of
extended reference samples of the picture, each extended reference sample of the plurality
of extended reference samples separated from the prediction block at least by one nearest
reference sample of the plurality of reference samples, directly neighboring the prediction

block; and

use the plurality of extended reference samples according to a predefined set of pluralities

of extended reference samples.

Method for decoding a video, the method comprising:

decode, by block based predictive decoding, pictures coded in coding data into a video,
wherein for each picture a plurality of prediction blocks is decoded, wherein the block based

predictive decoding comprises an intra-picture prediction;

use, for the intra-picture prediction, for decoding a prediction block of the plurality of
prediction blocks, a plurality of extended reference samples of the picture, each extended
reference sample of the plurality of extended reference samples separated from the
prediction block at least by one nearest reference sample of the plurality of reference

samples, directly neighboring the prediction block;

determine the extended reference samples so as to be at least partially a part of an adjacent
prediction block of the plurality of prediction blocks, and to determine that the adjacent

prediction block has not yet been predicted; and



WO 2020/002641 PCT/EP2019/067412

165.

-104-

receive information indicating the extended prediction samples associated to the prediction

block and arranged in the adjacent prediction block as unavailable samples.

Non-transitory storage medium having stored thereon a computer program having a
program code for performing, when running on a computer, a method according to one of
claims 133-154.
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