Method and Apparatus of Non-Square Intra Prediction for Chroma

Components in Coding System with Quad-Tree and Binary-Tree Partition

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present invention claims priority to PCT Patent Application, Serial No.
PCT/CN2015/075672, filed on April 1, 2015. The PCT Patent Application is hereby

incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to video coding. In particular, the present invention
relates to coding techniques associated with Intra prediction for chroma components in a video

coding system using quad-tree and binary-tree partition.

BACKGROUND AND RELATED ART

[0003] Motion compensated inter-frame coding has been widely adopted in various coding
standards, such as MPEG-1/2/4 and H.261/H.263/H.264/AVC. While motion-compensated
inter-frame coding can effectively reduce bitrate for compressed video, Intra coding is required
to compress the regions with high motion or scene changes. Besides, Intra coding is also used
to process an initial picture or to periodically insert I-pictures or I-blocks for random access or
for alleviation of error propagation. Intra prediction exploits the spatial correlation within a
picture or within a picture region. In practice, a picture or a picture region is divided into blocks
and the Intra prediction is performed on a block basis. Intra prediction for a current block can
rely on pixels in neighboring blocks that have been processed. For example, if blocks in a
picture or picture region are processed row by row first from left to right and then from top to

bottom, neighboring blocks on the top and neighboring blocks on the left of the current block



can be used to form Intra prediction for pixels in the current block. While any pixels in the
processed neighboring blocks can be used for Intra predictor of pixels in the current block, very
often only pixels of the neighboring blocks that are adjacent to the current block boundaries on

the top and on the left are used.

[0004] The new High Efficiency Video Coding (HEVC) standard is also based on
Inter/Intra prediction and transform coding with high-efficiency entropy coding. Unlike older
coding standards, HEVC adopts flexible block structure for various processing stages in the
coding process. These partitioned blocks for various processing stages correspond to coding

unit (CU), prediction unit (PU) and transform unit (TU).

[0005] Coding unit (CU) and coding tree structure in HEVC

[0006] A coding tree unit (CTU) is partitioned into one or more coding units (CUs) using
quadtree partitioning. Each CU is a square region corresponding to the leaf node of a quadtree
partitioning of the CTU. Pixels in each CU share the same prediction mode, i.e., Intra, Inter or
Skip mode. The quad-tree partitioning structure allows recursive splitting into four equally
sized nodes, starting from the CTU as illustrated in Fig. 1. The process enables
content-adaptive coding tree structure comprising of one or more CUs. Each CU may be as
large as the CTU or as small as a smallest CU (e.g. 8x8 for HEVC). Each non-Skip coded CU is
assigned to one of two prediction modes: Intra prediction or Inter prediction. A Skip mode is
considered as an Inter prediction mode that does not signal the motion information and the

residual information.

[0007] Prediction unit (PU) structure in HEVC

[0008] The prediction unit (PU) is a region intended for the prediction process. The PU is
generated by partitioning the CU. In general, the PU is not restricted to be square in shape to

allow partitioned PUs to match the boundaries of real objects in the picture.

[0009] Each CU may be partitioned into two or four PUs depending on the partition mode.



Fig. 2 illustrates the eight partition modes that may be used to define the PUs for an Inter-coded
CU according to HEVC. The partitions in the upper row correspond to symmetric partitioning
and the partitions in the lower correspond to asymmetric partitioning. The PART 2Nx2N and
PART NxN partition modes are used for an intra-coded CU. The partition mode PART NxN
is allowed only when the corresponding CU size is equal to the minimum CU size. In general,
the maximum PU size allowed is 64x64 and the smallest allowed PU size is 4x4. However, in
order to reduce the memory bandwidth of motion compensation, the 4x4 block size is not

allowed for the Inter-coded PU.

[0010] Transform unit (TU) and transform tree structure in HEVC

[0011] The transform unit (TU) is a square region, defined by quad-tree partitioning of the
CU, which shares the same transform and quantization processes. The TU shape is always
square and allowed TU size is from 32x32 down to 4x4. The maximum quad-tree depth is

adjustable and is specified in the slice header syntax.

[0012] Intra Prediction in HEVC

[0013] The decoded boundary samples of adjacent blocks are used as reference data for
spatial prediction in regions where Inter picture prediction is not performed. All TUs within a
PU use the same associated Intra prediction mode for the luma component and the chroma
components. The Intra prediction process is performed at TU level. In other words, each TU
uses its immediately adjacent reconstructed pixels to generate the predictors. The encoder
selects the best luma Intra prediction mode of each PU from 35 options including 33 directional
prediction modes, a DC mode and a Planar mode. The mapping between the Intra prediction

direction and the Intra prediction mode number is specified in Fig. 3.

[0014] For the chroma component of an Intra PU, the encoder selects the best chroma
prediction modes among five modes including Planar, DC, Horizontal, Vertical and a direct
copy of the Intra prediction mode for the luma component (also called derived mode or DM

mode).



[0015] When the Intra prediction mode number for the chroma component is not 4 and it is
identical to the Intra prediction mode number for the luma component, the Intra prediction

direction of 34 is used for the Intra prediction sample generation for the chroma component.

[0016] Similar to DM mode, another mode called the luma-predict-chroma mode (i.e., LM
mode) takes advantage of the inter-channel correlation. However, for the DM mode, the
chroma block uses the same Intra prediction mode as the corresponding luma block. For the
LM mode, the Intra predictor for the chroma block is generated based on the reconstructed
samples of the corresponding luma block. The LM mode is not adopted by the existing HEVC

coding standard. Nevertheless, it is a useful coding tool for improving coding efficiency.

[0017] Fig. 4 illustrates an example of LM Intra prediction mode for generating Intra
predictor for the chroma block based on reconstructed luma block. Block 410 represents a
current chroma block 412 along with neighboring reconstructed samples (414 and 416). Block
420 represents a current luma block 422 along with neighboring reconstructed samples (424

and 426).

[0018] As shown in Fig. 4, chroma predictor, Predc[X,y] according to the LM mode is

predicted from reconstructed luma, Rec’L[x,y] using equation (1).

Pred.[Xx,y]=a-Rec '[x,y]+ /. (1)

[0019] In the above equation, Intra prediction parameters o and B associated with the LM
Intra prediction mode are derived from causal reconstructed samples around the current block.
For non-4:4:4 color formats, such as YCbCr4:2:0 color format, the luma samples need to be
down-sampled before being used as predictors for corresponding chroma samples. Parameters
a and P are derived according to equations (2) and (3), which correspond to the least square
solution. In the follow equations, Reccis the vector of reconstructed chroma samples around the
current chroma block, Rec’L is the vector of down-sampled reconstructed luma samples around

the current luma block, and | is the number of used neighboring samples around current block.
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[0020] There are also some variant LM modes. The LM parameters o and 3 can be

selectively generated by different sets of neighboring reconstructed pixels.

[0021] Inter Prediction in HEVC

[0022] Each Inter coded PU has a set of motion parameters consisting of motion vector,
reference picture index and reference picture list usage flag. These motion parameters are used
for generating Inter prediction samples. These motion parameters can be signaled in an explicit
or implicit manner. When a CU is coded in the Skip mode, the CU is represented as one PU that
has no significant transform coefficients. On the other hand, the motion parameters are not
signaled either. The motion parameters such as motion vectors, reference picture index and
reference picture list usage flag are obtained by Merge mode. The Merge mode is to find the
neighboring Inter coded PU, the motion parameters (motion vector, reference picture index,
and reference picture list usage flag) of the merged PU can be inferred as the motion
parameters for the current PU. The encoder can select the best inferred motion parameters from
multiple candidates formed by spatial neighboring PUs and temporal neighboring PUs. The
encoder then transmits the corresponding index indicating the chosen candidate. The Merge
mode can be applied not only to Skip mode PU, but also to any Inter coded PU. For Inter coded
PUs, the encoder can use Merge mode or explicit signaling motion parameters. When motion
parameters are signaled explicitly, the motion vector, corresponding reference picture index for
each reference picture list and reference picture list usage flag are signaled explicitly for each

PU. For Inter coded PU, significant transform coefficients are sent to decoder.



[0023] In HEVC, the luma component and two chroma components share the same CU
splitting structure. PU structures, prediction modes and prediction parameters (e.g. motion
vectors and reference index) are also shared between luma and chroma components when the
current CU is coded in the Inter mode. However, when the current CU is coded in the Intra
mode, PU partition and Intra prediction modes can be different for luma and chroma
components, respectively. In particular, for an Intra coded CU, the PU for luma component can

be either 2Nx2N or NxN. However, the PU for chroma component can only be 2Nx2N.

[0024] The Intra prediction for the chroma components in the existing coding standard or
practice is rather restricted. It is desirable to develop techniques for improving the Intra

prediction coding structure and prediction efficiency of chroma components.

BRIEF SUMMARY OF THE INVENTION

[0025] A method and apparatus for Intra prediction of non-square chroma blocks are
disclosed. The system uses a block partitioning structure for partitioning a chroma block into
one or more final sub-blocks including at least one non-square final sub-block using block
partition recursively. The block partition either splits each given block into intermediate
sub-blocks using one or more split modes including one binary split mode or applies no
splitting to each given block. The block is treated as an initial given block and each
intermediate sub-block is treated as one given block in a next recursion. Any given block that is
not further split becomes a final sub-block. After the final sub-blocks are determined,

non-square Intra prediction is applied to each non-square final sub-block.

[0026] One aspect of the invention addresses block partition. The block partition may
correspond to combined quad and binary partition that splits each given block into intermediate
sub-blocks using quad split, horizontal binary split or vertical binary split, or applies no split to
each given block. The block partitioning structure may be applied to the coding tree unit (CTU)
to partition it into coding units (CUs). The block partitioning structure may be applied to the

coding unit (CU) to partition it into prediction units (PUs). Furthermore, the CU may also be



partitioned into transform units (TUs) using the same block partitioning structure as for the

PUs.

[0027] Another aspect of the invention addresses techniques to adapt the Intra prediction
based on square block for non-square Intra prediction. In one embodiment, X additional
neighboring reconstructed samples are included or X neighboring reconstructed samples are
excluded for deriving DC predictor associated with DC Intra predictor mode or deriving Intra
prediction parameters associated with LM Intra prediction mode. The length of each side of a
non-square final sub-block is a power-of-2 integer. X is set to the difference between the
lengths of the long side and the short side of a non-square final sub-block. X additional
neighboring reconstructed samples may come from extended neighboring reconstructed
samples in line with neighboring reconstructed samples on the short side of each non-square
final sub-block. The X additional neighboring reconstructed samples may also come from a
line of reconstructed samples adjacent to neighboring reconstructed samples on the short side
of each non-square final sub-block. On the other hand, the X neighboring reconstructed
samples to be excluded may be from X-consecutive neighboring reconstructed samples on the
long side of each non-square final sub-block. The X neighboring reconstructed samples to be
excluded may also be selected in an interleaved manner from neighboring reconstructed

samples on the long side of each non-square final sub-block.

[0028] In yet another embodiment, DC predictor derivation associated with DC Intra
predictor mode or Intra prediction parameters derivation associated with LM Intra prediction
mode can be based only on neighboring reconstructed samples of the long side of each
non-square final sub-block or only on neighboring reconstructed samples of the short side of

each non-square final sub-block.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Fig. 1 illustrates an example of coding tree structure based on quad-tree partitioning

based on existing HEVC (High Efficiency Video Coding) standard.



[0030] Fig. 2 illustrates 8 partition modes for prediction units (PUs) coded in the Inter

mode in HEVC (High Efficiency Video Coding).

[0031] Fig. 3 illustrates the mapping between Intra prediction directions and Intra

prediction mode numbers according to HEVC (High Efficiency Video Coding).

[0032] Fig. 4 illustrates an example of Intra prediction for the chroma blocks using a
luma-predict-chroma mode (i.e., LM mode), where Intra prediction for the chroma component

is derived from the reconstructed luma samples of a collocated luma block.

[0033] Fig. 5 illustrates an example of block partition using quad-tree split, horizontal

binary split and vertical binary split.

[0034] Fig. 6 illustrates an example of including additional neighboring reconstructed
samples from the short side of the current block according to an embodiment of the present

invention.

[0035] Fig. 7 illustrates an example of including additional neighboring reconstructed
samples from the second line of the short side of the current block for DC calculation according

to another embodiment of the present invention.

[0036] Fig. 8 illustrates an example of excluding consecutive neighboring reconstructed
samples from the long side of the current block for DC calculation according to an embodiment

of the present invention.

[0037] Fig. 9 illustrates an example of excluding neighboring reconstructed samples by
skipping neighboring reconstructed samples in the long side of the current block for DC

calculation according to an embodiment of the present invention.

[0038] Fig. 10 illustrates an exemplary flowchart for an encoder system incorporating an

embodiment of the present invention to apply Intra prediction to non-square chroma blocks.

[0039] Fig. 11 illustrates an exemplary flowchart for a decoder system incorporating an



embodiment of the present invention to apply Intra prediction reconstruction to non-square

chroma blocks.

DETAILED DESCRIPTION OF THE INVENTION

[0040] The following description is of the best-contemplated mode of carrying out the
invention. This description is made for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The scope of the invention is best

determined by reference to the appended claims.

[0041] As mentioned before, the current HEVC only allows 2Nx2N Intra prediction for the
chroma component. Such restriction may limit the coding efficiency for the chroma
component. Accordingly, the present invention allows other Intra prediction modes for the
chroma component. In particular, the present invention enables non-square Intra prediction for

chroma components to achieve higher coding performance.

[0042] The non-square Intra prediction can be realized by enabling various partition modes
for chroma components in the Intra coded CU. The enabled partition modes are not limited to
the 8 partition modes as shown in Fig. 2. When multiple partition modes are allowed for the

chroma component according to the present invention, the selected partition mode needs to be

signaled for each Intra chroma CU.

[0043] In one embodiment, the non-square intra prediction can be realized by enabling
non-square CU for Intra chroma prediction. The non-square CU can be in any rectangular

shape with non-equal width and height, and both width and height are power-of-2 integers.

[0044] Yet in another embodiment, the non-square Intra prediction can be realized by
enabling non-square transform. The non-square transform unit can be in any rectangular shape

with non-equal width and height, and both width and height are power-of-2 integers.

[0045] Fig. 5 illustrates an example of combined quad and binary block partition using



10

quad split, horizontal binary split and vertical binary split. The combined quad and binary
block partition can be applied to form various block structure for the coding process. For
example, each CTU or CU can be split into smaller CUs using the combined quad and binary
block partition as shown in Fig. 5. With the binary split, CU can be in non-square shapes. When
PU and TU are both equal to CU, the chroma components prediction and transform for Intra

CU will be performed for non-square blocks.

[0046] As is known in the field, the partition process is applied recursively. When a block
is split, the block is split into multiple sub-blocks. At the next partition level, the partition
process treats each sub-block as a block and applies block splitting. The block partition process
may also decide not to split a block for various reasons, such as that the splitting doesn’t further
improve coding efficiency or the block has reached a smallest block size. When the block
partition process finishes, a set of final sub-blocks will be generated. The block partition
process may be described by a partition tree, where the root of the tree corresponds to the initial
block and the nodes or leaves of the tree are the final sub-blocks. For example, when the block
partition process is applied to the CTU (i.e., root of the tree), the resulting final sub-blocks
correspond to the CUs. When the block partition includes a binary partition, such as the
combined quad and binary block partition, the block partition may result in a non-square final
sub-block. Therefore, the above process may result in a non-square chroma CU. For the 2NxN
or Nx2N non-square chroma coding unit, it will be further divided into two NxN transform

units (TUs).

[0047] The above block partition may also be applied to a chroma CU to partition the
chroma CU into one or more chroma PUs. When the block partition includes a binary partition,
such as the combined quad and binary block partition, the block partition may result in a
non-square final sub-block. Therefore, the above process may result in a non-square chroma
PU. For the 2NxN or Nx2N non-square prediction unit, it will be further divided into two NxN

transform units.

[0048] To support non-square Intra prediction for chroma components, modifications may
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be required for Intra prediction process of existing chroma Intra modes. The modifications are

described as follows.

[0049] When the current Intra chroma block is non-square (e.g. MxN, M#N), the DC Intra
prediction mode is modified to ensure the number of the number of samples used to derive the
averaged neighboring reconstructed value (i.e., the DC predictor) will be a power-of-2 integer.
According to embodiments of the present invention, this can achieved by including additional
samples or excluding samples for DC calculation. For the DC mode, the prediction is formed
based on the average value of the neighboring reconstructed pixels above the current block and
the neighboring reconstructed pixels at the left boundary of the current block. With the above
modifications, the process of calculating the average can then be done by a shift operation
instead of the division operation. Fig. 6 illustrates an example of including additional X
samples (616) for calculating the DC predictor for a current chroma block (610). In Fig. 6, the
neighboring reconstructed samples (612) at the short side and the neighboring reconstructed
samples (614) at the long side of the non-square block may be used for calculating the DC
predictor. However, the total number of the neighboring reconstructed samples (612) at the
short side and the neighboring reconstructed samples (614) at the long side of the non-square
block is not a power-of-2 integer. The DC predictor calculation will require a division
operation. According to embodiments of the present invention, additional samples are included
to the total number for DC predictor calculation to be a power-of-2 integer. In one embodiment,
the X samples corresponding to extended neighboring reconstructed samples along the short
side of the current block, where X is equal to the length of the long side minus the length of the
short side. As shown in Fig. 6, the extended neighboring reconstructed samples are in line with
the existing neighboring reconstructed sample on the short side. While the example in Fig. 6
shows a non-square block with the short side in the vertical direction, the processing for a
non-square block with the short side in the horizontal direction can be derived similarly.
Furthermore, while the example in Fig. 6 shows an example of non-square block with the
length of the long side twice as long as the length of the short side, the present invention can be

applied to non-square blocks of other sized, such as the length of the long side equal 16 and the
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length of the short side equal to 4.

[0050] In another example, additional samples may come from the second lines (710)
adjacent to the neighboring reconstructed samples of the short side as shown in Fig. 7. Again,
while the example in Fig. 7 shows a non-square block with the short side in the vertical
direction, the processing for a non-square block with the short side in the horizontal direction

can be derived similarly.

[0051] In another example, X can be any number to ensure the number of the samples used
to calculate the DC value will be a power-of-2 integer and the additional samples can be any

subset of the neighbor reconstructed pixels.

[0052] In another embodiment, some neighboring reconstructed samples around the
current block are excluded from calculating the DC value in order to simplify the DC predictor
calculation. For example, X samples from the neighboring reconstructed samples around the
long side of the current block can be excluded from the DC calculation, where X is equal to the
length of the long side minus the length of the short side. As shown in Fig. 8, X consecutive
neighboring reconstructed samples (810) are excluded from the long side of current block for
the DC predictor calculation. In another example, X neighboring reconstructed samples (910)
are excluded from the DC predictor calculation by skipping X samples in the long side of
current block in an interleaved manner. If the long side is twice as long as the short side, X
samples can be excluded by skipping every other samples as shown in Fig. 9. In another
example, X can be any number to ensure that the number of the samples used to calculate the
DC value will be power of 2 and the removed samples can be any subset of the neighbor
reconstructed pixels. Again, while the examples in Fig. 8 and Fig. 9 show a non-square block
with the short side in the vertical direction, the processing for a non-square block with the short

side in the horizontal direction can be derived similarly.

[0053] In another embodiment, the DC predictor value can be calculated as the average of

the DC predictor value of above samples and the DC predictor value of the left samples. If both
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the lengths of the long side and the short side are power of 2, the shift operation can be used to
calculate the DC predictor value of above samples and the DC predictor value of the left
samples without the need of the division operation. Again, the shift operation can be used to
calculate the average of the DC predictor value of above samples and the DC predictor value of

the left samples.

[0054] When current intra chroma block is non-square (e.g. MxN and M#N), the Intra
prediction process for the LM mode is modified to ensure that the number of the samples used
to derive the LM parameters a and B will be power of 2 by including additional samples or
excluding samples for LM parameters derivation. With the proposed modifications, the process
of LM parameter derivation can then be done by the shift operation instead of the division
operation. In one embodiment, addition neighboring reconstructed samples are included to
derive the LM parameters a and f. For example, additional X neighboring reconstructed
samples along the short side of current block can be used to derive the LM parameters as shown
in Fig. 6, where X is equal to the length of the long side minus the length of the short side. In
another example, additional neighboring reconstructed samples can be the second lines
adjacent to the neighboring reconstructed of the short side as shown in Fig. 7. In another
example, X can be any number to ensure the number of the samples used to derive the LM
parameters will be power of 2 and the additional samples can be any subset of the neighbor

reconstructed pixels.

[0055] In another embodiment, some neighboring reconstructed samples around the
current block are excluded from deriving the LM parameters o and 8. For example, X
consecutive neighboring reconstructed samples from the neighboring reconstructed samples
around the current block can be excluded from deriving the LM parameters o and 3, where X is
equal to the length of the long side minus the length of the short side. As shown in Fig. §, X
neighboring reconstructed samples are removed from the long side of current block. In another
example, X samples are excluded from deriving the LM parameters a and B by skipping X

neighboring reconstructed samples in the long side of current block in an interleaved fashion. If
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the long side is twice as long as the short side, X samples can be excluded by skipping every
other samples as shown in Fig. 9. In another example, X can be any number to ensure that the
number of the samples used to derive the LM parameters o and  will be power of 2 and the

removed samples can be any subset of the neighbor reconstructed pixels

[0056] Fig. 10 illustrates an exemplary flowchart for an encoder system incorporating an
embodiment of the present invention to apply Intra prediction to non-square chroma blocks.
The system receives input data for a current block corresponding to one chroma component of
video data as shown in step 1010. The system then partitions the current block into one or more
final sub-blocks including at least one non-square final sub-block using block partition
recursively in step 1020. The block partition either splits each given block into intermediate
sub-blocks using one or more split modes including one binary split mode or applies no
splitting to each given block. The current block is treated as an initial given block, each
intermediate sub-block is treated as one given block in a next recursion, and any one given
block not further split becomes one final sub-block. The system applies non-square Intra

prediction to each non-square final sub-block in step 1030.

[0057] Fig. 11 illustrates an exemplary flowchart for a decoder system incorporating an
embodiment of the present invention to apply Intra prediction reconstruction to non-square
chroma blocks. The system receives a video bitstream including coded data for a current block
corresponding to one chroma component of video data in step 1110. The system then derives
from the video bitstream a block partitioning structure for partitioning the current block into
one or more final sub-blocks including at least one non-square final sub-block using block
partition recursively in step 1120. The block partition either splits each given block into
intermediate sub-blocks using one or more split modes including one binary split mode or
applies no splitting to each given block. The current block is treated as an initial given block,
each intermediate sub-block is treated as one given block in a next recursion, and any one given
block not further split becomes one final sub-block. The system then reconstructs each

non-square final sub-block using non-square Intra prediction in step 1130.
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[0058] The flowcharts shown above are intended to illustrate examples of enabling chroma
Intra prediction for non-square blocks in a video encoder and a decoder incorporating
embodiments of the present invention. A person skilled in the art may modify each step,
re-arranges the steps, split a step, or combine the steps to practice the present invention without

departing from the spirit of the present invention.

[0059] The above description is presented to enable a person of ordinary skill in the art to
practice the present invention as provided in the context of a particular application and its
requirement. Various modifications to the described embodiments will be apparent to those
with skill in the art, and the general principles defined herein may be applied to other
embodiments. Therefore, the present invention is not intended to be limited to the particular
embodiments shown and described, but is to be accorded the widest scope consistent with the
principles and novel features herein disclosed. In the above detailed description, various
specific details are illustrated in order to provide a thorough understanding of the present
invention. Nevertheless, it will be understood by those skilled in the art that the present

invention may be practiced.

[0060] Embodiment of the present invention as described above may be implemented in
various hardware, software codes, or a combination of both. For example, an embodiment of
the present invention can be a circuit integrated into a video compression chip or program code
integrated into video compression software to perform the processing described herein. An
embodiment of the present invention may also be program code to be executed on a Digital
Signal Processor (DSP) to perform the processing described herein. The invention may also
involve a number of functions to be performed by a computer processor, a digital signal
processor, a microprocessor, or field programmable gate array (FPGA). These processors can
be configured to perform particular tasks according to the invention, by executing
machine-readable software code or firmware code that defines the particular methods
embodied by the invention. The software code or firmware code may be developed in different

programming languages and different formats or styles. The software code may also be
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compiled for different target platforms. However, different code formats, styles and languages
of software codes and other means of configuring code to perform the tasks in accordance with

the invention will not depart from the spirit and scope of the invention.

[0061] The invention may be embodied in other specific forms without departing from its
spirit or essential characteristics. The described examples are to be considered in all respects

only as illustrative and not restrictive. The scope of the invention is therefore, indicated by the
appended claims rather than by the foregoing description. All changes which come within the

meaning and range of equivalency of the claims are to be embraced within their scope.
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CLAIMS:

1. A method of video decoding using Intra prediction for chroma component of video data
comprising:

receiving a video bitstream including coded data for a current block
corresponding to one chroma component of video data;

deriving, from the video bitstream, a block partitioning structure for partitioning
the current block into one or more final sub-blocks including at least one non-square
final sub-block using block partition recursively, wherein the block partition either splits
each given block into intermediate sub-blocks using one or more split modes including
one binary split mode or applies no splitting to each given block, the current block is
treated as an initial given block, each intermediate sub-block is treated as one given
block in a next recursion, and any one given block not further split becomes one final
sub-block; and

reconstructing each non-square final sub-block using non-square Intra prediction,
comprising including X additional neighboring reconstructed samples or excluding X
neighboring reconstructed samples for deriving DC predictor associated with DC Intra
predictor mode or deriving intra prediction parameters associated with LM Intra

prediction mode, wherein X is a positive integer.

2. The method of Claim 1, wherein first length of a long side of each non-square final sub-
block and second length of a short side of each non-square final sub-block are both
power-of-2 integers, and X equals to the first length of the long side of each non-square
final sub-block minus the second length of the short side of each non-square final sub-

block.

3. The method of Claim 2, wherein the X additional neighboring reconstructed samples are

from extended neighboring reconstructed samples in line with neighboring reconstructed
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samples on the short side of each non-square final sub-block.

The method of Claim 2, wherein the X additional neighboring reconstructed samples are
from a line of reconstructed samples adjacent to neighboring reconstructed samples on the

short side of each non-square final sub-block.

The method of Claim 2, wherein the X neighboring reconstructed samples to be excluded
are from X-consecutive neighboring reconstructed samples on the long side of each non-

square final sub-block.

The method of Claim 2, wherein the X neighboring reconstructed samples to be excluded
are selected in an interleaved manner from neighboring reconstructed samples on the long

side of each non-square final sub-block.

The method of Claim 1, wherein said reconstructing each non-square final sub-block
using non-square Intra prediction comprises deriving DC predictor associated with DC
Intra predictor mode or deriving Intra prediction parameters associated with LM Intra
prediction mode based only on neighboring reconstructed samples of a long side of each
non-square final sub-block, wherein length of the long side of each non-square final sub-

block is a power-of-2 integer.

The method of Claim 1, wherein said reconstructing each non-square final sub-block
using non-square Intra prediction comprises deriving DC predictor associated with DC
Intra predictor mode or deriving Intra prediction parameters associated with LM Intra
prediction mode based only on neighboring reconstructed samples of a short side of each
non-square final sub-block, wherein length of the short side of each non-square final sub-

block is a power-of-2 integer.

. A method of video coding using Intra prediction for chroma component of video data,
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11.
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comprising:

receiving input data for a current block corresponding to one chroma component of video

data;

partitioning the current block into one or more final sub-blocks including at least one non-
square final sub-block using block partition recursively, wherein the block partition either
splits each given block into intermediate sub-blocks using one or more split modes
including one binary split mode or applies no splitting to each given block, the current
block is treated as an initial given block, each intermediate sub-block is treated as one
given block in a next recursion, and any one given block not further split becomes one

final sub-block; and

applying non-square Intra prediction to each non-square final sub-block, comprising
including X additional neighboring reconstructed samples or excluding X neighboring
reconstructed samples for deriving DC predictor associated with DC Intra predictor mode
or deriving Intra prediction parameters associated with LM Intra prediction mode,

wherein X is a positive integer.

The method of Claim 9, wherein first length of a long side of each non-square final sub-
block and second length of a short side of each non-square final sub-block are both
power-of-2 integers, and X equals to the first length of the long side of each non-square
final sub-block minus the second length of the short side of each non-square final sub-

block.

The method of Claim 9, wherein the X additional neighboring reconstructed samples are
from extended neighboring reconstructed samples in line with neighboring reconstructed

samples on a short side of each non-square final sub-block.
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The method of Claim 9, wherein the X additional neighboring reconstructed samples are
from a line of reconstructed samples adjacent to neighboring reconstructed samples on a

short side of each non-square final sub-block.

The method of Claim 9, wherein the X neighboring reconstructed samples to be excluded
are from X-consecutive neighboring reconstructed samples on a long side of each non-

square final sub-block.

The method of Claim 9, wherein the X neighboring reconstructed samples to be excluded
are selected in an interleaved manner from neighboring reconstructed samples on a long

side of each non-square final sub-block.

The method of Claim 9, wherein said applying the non-square Intra prediction to each
non-square final sub-block comprises deriving DC predictor associated with DC Intra
predictor mode or deriving Intra prediction parameters associated with LM Intra
prediction mode based only on neighboring reconstructed samples of a long side of each
non-square final sub-block, wherein length of the long side of each non-square final sub-

block is a power-of-2 integer.

The method of Claim 9, wherein said applying the non-square Intra prediction to each
non-square final sub-block comprises deriving DC predictor associated with DC Intra
predictor mode or deriving Intra prediction parameters associated with LM Intra
prediction mode based only on neighboring reconstructed samples of a short side of each
non-square final sub-block, wherein length of the short side of each non-square final sub-

block is a power-of-2 integer.

17. An apparatus for video decoding using Intra prediction for chroma component of video

data, comprising one or more electronic circuitries arranged to:
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receive a video bitstream including coded data for a current block corresponding
to one chroma component of video data;

derive, from the video bitstream, a block partitioning structure for partitioning the
current block into one or more final sub-blocks including at least one non-square final
sub-block using block partition recursively, wherein the block partition either splits each
given block into intermediate sub-blocks using one or more split modes including one
binary split mode or applies no splitting to each given block, the current block is treated
as an initial given block, each intermediate sub-block is treated as one given block in a
next recursion, and any one given block not further split becomes one final sub-block;
and

reconstruct each non-square final sub-block using non-square Intra prediction,
comprising including X additional neighboring reconstructed samples or excluding X
neighboring reconstructed samples for deriving DC predictor associated with DC Intra
predictor mode or deriving Intra prediction parameters associated with LM Intra

prediction mode, wherein X is a positive integer.



