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1. Introduction

Significant compression performance gains have been reported at Standard Definition (SD) and High Definition (HD) resolutions when larger than 4x4 transforms are used [1]. However, these gains have come at the expense of added complexity to the H.264/MPEG4 Part-10 compression standard. In this document, we propose a simplified way of introducing larger transforms into the JVT specification, while maintaining the rate-distortion performance gain.

2. Basic Idea

Based on the observation that at SD resolutions and above, the use of block sizes smaller than 8x8 is limited, we propose adding two new coding tools to the JVT specification: a luma 8x8 transform and a luma 8x8 intra prediction mode. We call our mode “Transform8” to indicate that an 8x8 transform may be in use for block sizes 8x8 and above. The mode is enabled via a new syntax element, transform_8x8_mode_flag, in the Picture Parameter Set RBSP. Relative to Adaptive Block Transforms [2], we propose the following simplifications:

· Do not allow transform sizes to be mixed within a macroblock.

· Limit the larger transform size to 8x8; i.e., do not use 8x4 and 4x8 transforms.

· Limit the new intra modes to 8x8; i.e., do not use 8x4 and 4x8 intra modes. 

· Allow the use of Intra16x16 mode when Transform8 mode is enabled.

· Limit the use of the Transform8 mode to when levelx10 is greater than or equal to 40 (i.e, level >= 3). At these levels, direct_8x8_inference_flag is equal to 1 ensuring that direct mode vectors are never applied to smaller than 8x8 blocks.

· Limit the use of the Transform8 mode to when profile is equal to the Professional Extensions.

· Limit the use of the Transform8 mode to when entropy_coding_mode_flag is equal to 1 (i.e., CABAC is enabled).

In addition to the transform_8x8 syntax element, four new syntax elements are required:

· For macroblock types P_8x8 and B_8x8, the syntax element all_8x8 equal to 1 is used to indicate that all four 8x8 subpartitions are using 8x8 block size. In this case, the new 8x8 transform is used. Otherwise (all_8x8 is equal to 0), block sizes smaller than 8x8 may be in use and so the existing 4x4 transform is used.

· For the mb_type equal to 0 in Table 7-8, the syntax element intra_pred_size is used to indicate whether the macroblock type is Intra_4x4 (intra_pred_size equal to 0) or Intra_8x8. 

· For macroblock type Intra_8x8, the syntax elements prev_intra8x8_pred_mode_flag and rem_intra8x8_pred_mode are used to determine the specific 8x8 intra mode used.

With the addition of these new syntax elements, the following mapping of macroblock type to luma transform size can be made:

Table 1 - Luma Transform Size

	Macroblock Type
	transform_8x8_mode_flag
	all_8x8
	Luma Transform Size

	Intra_4x4
	na
	na
	4x4

	Intra_8x8
	na
	na
	8x8

	Intra_16x16
	na
	na
	4x4

	P_16x16
	0
	na
	4x4

	
	1
	na
	8x8

	P_8x16
	0
	na
	4x4

	
	1
	na
	8x8

	P_16x8
	0
	na
	4x4

	
	1
	na
	8x8

	P_8x8
	0
	na
	4x4

	
	1
	0
	4x4

	
	1
	1
	8x8

	B_Direct
	0
	na
	4x4

	
	1
	na
	8x8

	B_16x16
	0
	na
	4x4

	
	1
	na
	8x8

	B_16x8
	0
	na
	4x4

	
	1
	na
	8x8

	B_8x16
	0
	na
	4x4

	
	1
	na
	8x8

	B_8x8
	0
	na
	4x4

	
	1
	0
	4x4

	
	1
	1
	8x8


3. Overview of Specification Changes

3.1 8x8 Intra Prediction

The proposed luma 8x8 intra prediction tool is a logical extension of the existing luma 4x4 intra prediction tool. Whereas the 4x4 intra prediction uses 13 surrounding luma values, the 8x8 intra prediction uses 25 surrounding luma values. The nine possible prediction modes are identical between the 4x4 and 8x8 intra prediction tools, as is the decoding of the specific prediction mode from the syntax elements in the bitstream.

3.2 8x8 Transform

The new 8x8 transform is based on a proposal by Frank Bossen[3]. The 8x8 transform is used as per Table 1 above.  The inverse 8x8 transform uses the following basis functions
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which closely approximate the 8x8 IDCT. The inverse 8x8 quantization uses a new scaling matrix V(QP%6,i,j)
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Scan Pattern

Two new scan patterns are used for mapping the entropy decoded 8x8 transform coefficients into their raster order. These are shown in Figure 2. The 8x8 zig-zag scan is used for frame macroblocks while the 8x8 field-scan is used 

for field macroblocks.
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Figure 2 – 8x8 Scan Patterns

3.3 Deblocking

For macroblocks using the luma 8x8 transform, the deblocking for luma values is only applied at the edges of 8x8 blocks. Note that there are no changes to chroma deblocking.

3.4 CABAC

The four new macroblock layer syntax elements, intra_pred_size, all_8x8, prev_intra4x4_pred_mode_flag, and rem_intra4x4_pred_mode each require the addition of one new CABAC context. In addition, the decoding of luma 8x8 transform coefficients requires the addition of the following new CABAC contexts:

· 4 new contexts for coded_block_flag.

· 63 new contexts for significant_coeff_flag.

· 63 new contexts for last_significant_coeff_flag.

· 10 new contexts for coeff_abs_level_minus1.

Note that no new binarization techniques are required.

4. References

[1] Stephen Gordon. ABT for Film Grain Reproduction in High Definition Sequences, JVT-H029r1.

[2] JVT-D157, FCD.
[3] Frank Bossen, ABT cleanup and complexity reduction, JVT-E087.
Appendix A - Syntax and Semantics Changes

Relative to JVT-G050r1.doc, the following edits must be made to clause 7. All edits are in blue.

7.3.2.2 Picture parameter set RBSP syntax

	
entropy_coding_mode_flag
	0
	u(1)

	
if ( profile_idc == *** && entropy_coding_mode_flag ) {
	
	

	

transform_8x8
	0
	u(1)

	
}
	
	


*** is the profile_idc assigned to the Professional Extensions.

7.3.5 Macroblock layer syntax

	
mb_type
	2
	ue(v) | ae(v)

	
if ( transform_8x8 && mb_type == I_NxN)



intra_pred_size
	2
	ae(v)

	
if ( transform_8x8 && 



 MbPartPredMode( mb_type, 0 )  !=  Intra_4x4  &&  



 MbPartPredMode( mb_type, 0 )  !=  Intra_16x16  &&



 MbPartPredMode( mb_type, 0 ) != Intra_8x8 && 


 NumMbPart( mb_type )  = =  4)



all_8x8
	2
	ae(v)


	

if( MbPartPredMode( mb_type, 0 )  !=  Intra_4x4  &&  




MbPartPredMode( mb_type, 0 )  !=  Intra_16x16  &&




MbPartPredMode( mb_type, 0 ) != Intra_8x8 && 



NumMbPart( mb_type )  = =  4 ) 
	
	

	


sub_mb_pred( mb_type )
	
	


7.3.5.1
Macroblock prediction syntax 

	
if( MbPartPredMode( mb_type, 0 )  = =  Intra_4x4  | |  



MbPartPredMode( mb_type, 0 )  = =  Intra_8x8  | |


MbPartPredMode( mb_type, 0 )  = =  Intra_16x16 ) {
	
	

	

If( MbPartPredMode( mb_type, 0 )  = =  Intra_4x4 )
	
	

	


for( luma4x4BlkIdx=0; luma4x4BlkIdx<16; luma4x4BlkIdx++ ) {
	
	

	



prev_intra4x4_pred_mode_flag[ luma4x4BlkIdx ]
	2
	u(1) | ae(v)

	



if( !prev_intra4x4_pred_mode_flag[ luma4x4BlkIdx ] )
	
	

	




rem_intra4x4_pred_mode[ luma4x4BlkIdx ]
	2
	u(3) | ae(v)

	


}
	
	

	

if( MbPartPredMode( mb_type, 0 )  = =  Intra_8x8 )
	
	

	


for( luma8x8BlkIdx=0; luma8x8BlkIdx<4; luma8x8BlkIdx++ ) {
	
	

	



prev_intra8x8_pred_mode_flag[ luma8x8BlkIdx ]
	2
	ae(v)

	



if( !prev_intra8x8_pred_mode_flag[ luma8x8BlkIdx ] )
	
	

	




rem_intra8x8_pred_mode[ luma8x8BlkIdx ]
	2
	ae(v)

	


}
	
	


7.3.5.3 Residual data syntax

	
for( i8x8 = 0; i8x8 < 4; i8x8++ )  /* each luma 8x8 block */
	
	

	

if ( !transform_8x8 ||




 MbPartPredMode( mb_type, 0 )  = =  Intra_4x4  ||




MbPartPredMode( mb_type, 0 )  = =  Intra_16x16  ||



    ( NumMbPart( mb_type ) == 4 && all_8x8 == 0) )
	
	

	


for( i4x4 = 0; i4x4 < 4; i4x4++ )  /* each 4x4 sub-block of block */
	
	

	



if( CodedBlockPatternLuma & ( 1 << i8x8 ) ) { 
	
	

	




if( MbPartPredMode( mb_type, 0 )  = =  Intra_16x16 )
	
	

	





residual_block( Intra16x16ACLevel[ i8x8 * 4 + i4x4 ], 15 ) 
	3
	

	




Else
	
	

	





residual_block( LumaLevel[ i8x8 * 4 + i4x4 ], 16 ) 
	3 | 4
	

	



} else {
	
	

	




if( MbPartPredMode( mb_type, 0 )  = =  Intra_16x16 )
	
	

	





for( i = 0; i < 15; i++ ) 
	
	

	






Intra16x16ACLevel[ i8x8 * 4 + i4x4 ][ i ] = 0
	
	

	




Else
	
	

	





for( i = 0; i < 16; i++ )
	
	

	






LumaLevel[ i8x8 * 4 + i4x4 ][ i ] = 0
	
	

	



}
	
	

	

else   /* using 8x8 transform */ 
	

	

	


if( CodedBlockPatternLuma & ( 1 << i8x8 ) )
	
	

	



residual_block( LumaLevel64[ i8x8], 64 ) 
	3 | 4
	

	


else
	
	

	



for( i = 0; i < 64; i++ )
	
	

	




LumaLevel64[ i8x8 ][ i ] = 0
	
	


7.4.2.2 Picture parameter set RBSP semantics

transform_8x8 equal to 1 indicates that the 8x8 transform decoding process may be in use (see subclause 8.4). Otherwise (transform_8x8 equal to 0) indicates that the 8x8 transform decoding process is not in use. If transform_8x8 is not present in the bitstream, it shall be inferred to be 0.

7.4.5 Macroblock layer semantics

mb_type

I_4x4: the macroblock is coded as an Intra_4x4 prediction macroblock ( I_NxN: the macroblock is coded as an Intra_8x8 prediction macroblock if intra_pred_size equals 1, otherwise the macroblock is coded as an Intra_4x4.

Intra_4x4 specifies the macroblock prediction mode and specifies that the Intra_4x4 prediction process is invoked as specified in subclause 8.3.1.1. Intra_4x4 is an Intra macroblock prediction mode.

Intra_8x8 specifies the macroblock prediction mode and specifies that the Intra_8x8 prediction process is invoked as specified in subclause 8.3.1.2. Intra_4x4 is an Intra macroblock prediction mode.

intra_pred_size equal to 1 indicates that macroblock prediction mode shall be set to Intra_8x8. intra_pred_size equal to 0 indicates that if mb_type equals I_NxN then macroblock prediction mode shall be set to Intra_4x4. If intra_pred_mode is not present in the bitstream, it shall be inferred to be 0.

Table 7‑8 – Macroblock types for I slices

	mb_type
	Name of mb_type
	Intra_pred_size
	MbPartPredMode
( mb_type, 0 )
	Intra16x16PredMode
	CodedBlockPatternChroma
	CodedBlockPatternLuma

	0
	I_NxN
	0
	Intra_4x4
	na
	na
	na

	0
	I_NxN
	1
	Intra_8x8
	na
	na
	na

	1
	I_16x16_0_0_0
	na
	Intra_16x16
	0
	0
	0

	2
	I_16x16_1_0_0
	na
	Intra_16x16
	1
	0
	0

	3
	I_16x16_2_0_0
	na
	Intra_16x16
	2
	0
	0

	4
	I_16x16_3_0_0
	na
	Intra_16x16
	3
	0
	0

	5
	I_16x16_0_1_0
	na
	Intra_16x16
	0
	1
	0

	6
	I_16x16_1_1_0
	na
	Intra_16x16
	1
	1
	0

	7
	I_16x16_2_1_0
	na
	Intra_16x16
	2
	1
	0

	8
	I_16x16_3_1_0
	na
	Intra_16x16
	3
	1
	0

	9
	I_16x16_0_2_0
	na
	Intra_16x16
	0
	2
	0

	10
	I_16x16_1_2_0
	na
	Intra_16x16
	1
	2
	0

	11
	I_16x16_2_2_0
	na
	Intra_16x16
	2
	2
	0

	12
	I_16x16_3_2_0
	na
	Intra_16x16
	3
	2
	0

	13
	I_16x16_0_0_1
	na
	Intra_16x16
	0
	0
	15

	14
	I_16x16_1_0_1
	na
	Intra_16x16
	1
	0
	15

	15
	I_16x16_2_0_1
	na
	Intra_16x16
	2
	0
	15

	16
	I_16x16_3_0_1
	na
	Intra_16x16
	3
	0
	15

	17
	I_16x16_0_1_1
	na
	Intra_16x16
	0
	1
	15

	18
	I_16x16_1_1_1
	na
	Intra_16x16
	1
	1
	15

	19
	I_16x16_2_1_1
	na
	Intra_16x16
	2
	1
	15

	20
	I_16x16_3_1_1
	na
	Intra_16x16
	3
	1
	15

	21
	I_16x16_0_2_1
	na
	Intra_16x16
	0
	2
	15

	22
	I_16x16_1_2_1
	na
	Intra_16x16
	1
	2
	15

	23
	I_16x16_2_2_1
	na
	Intra_16x16
	2
	2
	15

	24
	I_16x16_3_2_1
	na
	Intra_16x16
	3
	2
	15

	25
	I_PCM
	na
	na
	na
	na
	na


all_8x8 equal to 1 indicates that for macroblock types P_8x8 and B_8x8, all four subpartitions are 8x8 blocks. Otherwise (all_8x8 equal to 0), for macroblock types P_8x8 and B_8x8, all four subpartitions may not be 8x8 blocks. If all_8x8 is not present in the bitstream, it shall be inferred to be zero.

7.4.5.1 
Macroblock prediction semantics

prev_intra8x4_pred_mode_flag[ luma8x8BlkIdx ] and rem_intra8x8_pred_mode[ luma8x8BlkIdx ] specify the Intra_8x8 prediction of the 8x8 luma block with index luma8x8BlkIdx = 0..3.

7.4.5.3
Residual data semantics

Replace

· Otherwise (MbPartPredMode( mb_type, 0 ) is not equal to Intra_16x16), for each of the 16 4x4 luma blocks indexed by i = 0..15,  the 16 transform coefficient levels of the i-th block are parsed into the i-th list LumaLevel[ i ]. 

With

· If MbPartPredMode( mb_type, 0 ) is equal to Intra_8x8, for each of the 4 8x8 luma blocks indexed by i = 0..3, the 64 transform coefficient levels of the i-th block are parsed into the i-th list LumaLevel64[i].

· If NumMbPart( mb_type ) is equal to 4 and all_8x8 is equal to 1, for each of the 4 8x8 luma blocks indexed by i=0..3, the 64 transform coefficient levels of the i-th block are parsed into the i-th list LumaLevel64[i].

· Otherwise for each of the 16 4x4 luma blocks indexed by i = 0..15, the 16 transform coefficient levels of the i-th block are parsed into the i-th list LumaLevel[ i ]. 

Appendix B – Detailed Edits

8.3 Intra prediction process

Inputs to this process are constructed samples prior to the deblocking filter process from neighbouring macroblocks and for Intra_NxN prediction mode, the associated values of IntraNxNPredMode from neighbouring macroblocks (where N is equal to 4 or 8).

Outputs of this process are specified as follows.

· If mb_type is not equal to I_PCM, the Intra prediction samples of components of the macroblock or in case of the Intra_NxN prediction process for luma samples, the outputs are NxN luma sample arrays as part of the 16x16 luma array of prediction samples of the macroblock (where N is equal to 4 or 8).

-
Otherwise (mb_type is equal to I_PCM), constructed macroblock samples prior to the deblocking filter process.

Depending on the value of mb_type the following applies.

· If mb_type is equal to I_PCM, the process specified in subclause 8.3.5 is invoked.

-
Otherwise (mb_type is not equal to I_PCM), the following applies.


-
The decoding processes for Intra prediction modes are described for the luma component as follows.

 

- 
If the macroblock prediction mode is equal to Intra_4x4, the specification in subclause 8.3.1 applies.



-
If the macroblock prediction mode is equal to Intra_8x8, the specification in subclause 8.3.2 applies.



-
Otherwise (the macroblock prediction mode is equal to Intra_16x16), the specification in subclause 8.3.3 applies.


-
The decoding processes for Intra prediction modes for the chroma components are described in subclause 8.3.4.  

Samples used in the Intra prediction process shall be sample values prior to alteration by any deblocking filter operations.

8.3.2 Intra_8x8 prediction process for luma samples

This process is invoked when the macroblock prediction mode is equal to Intra_8x8. 

Inputs to this process are constructed luma samples prior to the deblocking filter process from neighbouring macroblocks and the associated values of Intra8x8PredMode from the neighbouring macroblocks or macroblock pairs.

Outputs of this process are 8x8 luma sample arrays as part of the 16x16 luma array of prediction samples of the macroblock predL.

The luma component of a macroblock consists of 4 blocks of 8x8 luma samples. These blocks are inverse scanned using the 8x8 luma block inverse scanning process as specified in subclause 6.4.2.

For all the 8x8 luma blocks of the luma component of a macroblock with luma8x8BlkIdx = 0..3, the variable Intra8x8PredMode[ luma8x8BlkIdx ] is derived as specified in subclause 8.3.2.1.

For the each luma block of 8x8 samples indexed using luma8x8BlkIdx = 0..3,

1. The Intra_8x8 sample prediction process in subclause 8.3.2.2 is invoked with luma8x8BlkIdx and constructed samples prior (in decoding order) to the deblocking filter process from adjacent luma blocks as the input and the output are the Intra_8x8 luma prediction samples pred8x8L[ x, y ] with x, y = 0..7.

2. The position of the upper-left sample of a 8x8 luma block with index luma8x8BlkIdx inside the current macroblock is derived by invoking the inverse 8x8 luma block scanning process in subclause 6.4.2 with luma8x8BlkIdx as the input and the output being assigned to ( xO, yO ) and x, y = 0..7.

predL[ xO + x, yO + y ] = pred8x8L[ x, y ]


3. The transform coefficient decoding process and picture construction process prior to deblocking filter process in subclause 8.5 is invoked with predL and luma8x8BlkIdx as the input and the constructed samples for the current 8x8 luma block S’L as the output.

8.3.2.1
Derivation process for the Intra8x8PredMode

Inputs to this process are the index of the 8x8 luma block luma8x8BlkIdx and variable arrays Intra8x8PredMode that are previously (in decoding order) derived for adjacent macroblocks.

Output of this process is the variable Intra8x8PredMode[ luma8x8BlkIdx ].

Table 8‑2 specifies the values for Intra8x8PredMode[ luma8x8BlkIdx ] and the associated names.

Table 8‑2 – Specification of Intra8x8PredMode[ luma8x8BlkIdx ] and associated names

	Intra8x8PredMode[ luma8x8BlkIdx ]
	Name of Intra8x8PredMode[ luma8x8BlkIdx ]

	0
	Intra_8x8_Vertical (prediction mode)

	1
	Intra_8x8_Horizontal (prediction mode)

	2
	Intra_8x8_DC (prediction mode)

	3
	Intra_8x8_Diagonal_Down_Left (prediction mode)

	4
	Intra_8x8_Diagonal_Down_Right (prediction mode)

	5
	Intra_8x8_Vertical_Right (prediction mode)

	6
	Intra_8x8_Horizontal_Down (prediction mode)

	7
	Intra_8x8_Vertical_Left (prediction mode)

	8
	Intra_8x8_Horizontal_Up (prediction mode)


Let intra8x8PredModeA and intra8x8PredModeB be variables that specify the intra prediction modes of neighbouring 8x8 luma blocks.

Intra8x8PredMode[ luma8x8BlkIdx ] is derived as follows.

· The process specified in subclause 6.4.7.2 is invoked with luma8x8BlkIdx given as input and the output is assigned to mbAddrA, luma8x8BlkIdxA, mbAddrB, and luma8x8BlkIdxB.

· The variable dcOnlyPredictionFlag is derived as follows.

· If one of the following conditions is true, dcOnlyPredictionFlag is set equal to 1

· the macroblock with address mbAddrA is not available

· the macroblock with address mbAddrB is not available

· the macroblock with address mbAddrA is available and coded in Inter prediction mode and constrained_intra_pred_flag is equal to 1 

· the macroblock with address mbAddrB is available and coded in Inter prediction mode and constrained_intra_pred_flag is equal to 1

· Otherwise, dcOnlyPredictionFlag is set equal to 0.

· For N being either replaced by A or B, the variables intra8x8PredModeN are derived as follows.

· If dcOnlyPredictionFlag is equal to 1 or the macroblock with address mbAddrN is not coded in Intra_8x8 macroblock prediction mode, intra8x8PredModeN is set equal to 2 (Intra_8x8_DC prediction mode). 

· Otherwise (dcOnlyPredictionFlag is equal to 0 and the macroblock with address mbAddrN is coded in Intra_8x8 macroblock prediction mode), intra8x8PredModeN is set equal to Intra8x8PredMode[ luma8x8BlkIdxN ], where Intra8x8PredMode is the variable array assigned to the macroblock mbAddrN.

· Intra8x8PredMode[ luma8x8BlkIdx ] is derived by applying the following procedure.

predIntra8x8PredMode = Min( intra8x8PredModeA, intra8x8PredModeB )
if( prev_intra8x8_pred_mode_flag[ luma8x8BlkIdx ] )

Intra8x8PredMode[ luma8x8BlkIdx ] = predIntra8x8PredMode
else






if( rem_intra8x8_pred_mode[ luma8x8BlkIdx ] < predIntra8x8PredMode )


Intra8x8PredMode[ luma8x8BlkIdx ] = rem_intra8x8_pred_mode[ luma8x8BlkIdx ]

else


Intra8x8PredMode[ luma8x8BlkIdx ] = rem_intra8x8_pred_mode[ luma8x8BlkIdx ] + 1

8.3.2.2
Intra_8x8 sample prediction

This process is invoked for each 8x8 luma block of a macroblock with prediction mode equal to Intra_8x8 followed by the transform decoding process and picture construction process prior to deblocking for each 8x8 luma block.

Inputs to this process are the index of the 8x8 luma block with index luma8x8BlkIdx and constructed samples prior (in decoding order) to the deblocking filter process from adjacent luma blocks.

Output of this process are the prediction samples pred8x8L[ x, y ], with x, y = 0..7 for the 8x8 luma block with index luma8x8BlkIdx.

The position of the upper-left sample of a 8x8 luma block with index luma8x8BlkIdx inside the current macroblock is derived by invoking the inverse 8x8 luma block scanning process in subclause 6.4.2 with luma8x8BlkIdx as the input and the output being assigned to ( xO, yO ).

The 25 neighbouring samples p[ x, y ] that are constructed luma samples prior to the deblocking filter process, with x = ‑1, y = -1..7 and x = 0..15, y = -1, are derived as follows.

· The luma location ( xN, yN ) is specified by

xN = xO + x



yN = yO + y



· The derivation process for neighbouring locations in subclause 6.4.7 is invoked for luma locations with ( xN, yN ) as input and mbAddrN and ( xW, yW ) as output.

· Each sample p[ x, y ] with x = ‑1, y = -1..7 and x = 0..15, y = -1 is derived as follows.

· If any of the following conditions is true, the sample p[ x, y ] is marked as “not available for Intra_8x8 prediction”

-
mbAddrN is not available,

-
the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred_flag is equal to 1.

· x is greater than 7 and luma8x8BlkIdx is equal to 3

· Otherwise, the sample p[ x, y ] is marked as “available for Intra_8x8 prediction” and the luma sample at luma location ( xW, yW ) inside the macroblock mbAddrN is assigned to p[ x, y ].

When samples p[ x, -1 ], with x = 8..15 are marked as “not available for Intra_8x8 prediction,” and the sample p[ 7, -1 ] is marked as “available for Intra_8x8 prediction,” the sample value of p[ 7, -1 ] is substituted for sample values p[ x, -1 ], with x = 7..15 and samples p[ x, -1 ], with x = 7..15 are marked as “available for Intra_8x8 prediction”.

NOTE – Each block is assumed to be constructed into a frame prior to decoding of the next block.

Depending on Intra8x8PredMode[ luma8x8BlkIdx ], one of the Intra_8x8 prediction modes specified in subclauses 8.3.2.2.1 to 8.3.2.2.9 shall be used. 

8.3.2.2.1 Specification of Intra_8x8_Vertical prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 0.

This mode shall be used only when the samples p[ x, -1 ] with x = 0..7 are marked as “available for Intra_8x8 prediction”. 

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived by


pred8x8L[ x, y ] = p[ x, -1 ], with x, y = 0..7



8.3.2.2.2 Specification of Intra_8x8_Horizontal prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 1.

This mode shall be used only when the samples p[ -1, y ], with y = 0..7 are marked as “available for Intra_8x8 prediction”. 

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived by


pred8x8L[ x, y ] = p[ -1, y ], with x,y = 0..7



8.3.2.2.3 Specification of Intra_8x8_DC prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 2.

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived as follows.

· If all samples p[ x, -1 ], with x = 0..7 and p[ -1, y ], with y = 0..7 are marked as “available for Intra_8x8 prediction”, the values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived by

pred8x8L[ x, y ] = ( p[ 0, -1 ] + p[ 1, -1 ] + p[ 2, -1 ] + p[ 3, -1 ] + 
                                p[ 4, -1 ] + p[ 5, -1 ] + p[ 6, -1 ] + p[ 7, -1 ] + 
                                p[ -1, 0 ] + p[ -1, 1 ] + p[ -1, 2 ] + p[ -1, 3 ] + 


            p[ -1, 4 ] + p[ -1, 5 ] + p[ -1, 6 ] + p[ -1, 7 ] + 8 ) >> 4


· Otherwise, if samples p[ x, -1 ], with x = 0..7 are marked as “not available for Intra_8x8 prediction” and p[ -1, y ], with y = 0..7 are marked as “available for Intra_8x8 prediction”, the values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived by

pred8x8L[ x, y ] = ( p[ -1, 0 ] + p[ -1, 1 ] + p[ -1, 2 ] + p[ -1, 3 ] + 
 


p[ -1, 4 ] + p[ -1, 5 ] + p[ -1, 6 ] + p[ -1, 7 ] + 4 ) >> 3


· Otherwise, if samples p[ -1, y ], with y = 0..7 are marked as “not available for Intra_8x8 prediction” and p[ x, -1 ], with x = 0 .. 7 are marked as “available for Intra_8x8 prediction”, the values of the prediction samples pred8x8L[ x, y ], with x, y = 0 .. 7 are derived by

pred8x8L[ x, y ] = ( p[ 0, -1 ] + p[ 1, -1 ] + p[ 2, -1 ] + p[ 3, -1 ] +
                                p[ 4, -1 ] + p[ 5, -1 ] + p[ 6, -1 ] + p[ 7, -1 ] + 4 ) >> 3


· Otherwise (all samples p[ x, -1 ], with x = 0..7 and p[ -1, y ], with y = 0..7 are marked as “not available for Intra_8x8 prediction”), the values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived by

pred8x8L[ x, y ] = 128


NOTE – An 8x8 luma block can always be predicted using this mode.

8.3.2.2.4 Specification of Intra_8x8_Diagonal_Down_Left prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 3.

This mode shall be used only when the samples p[ x, -1 ] with x = 0..15 are marked as “available for Intra_8x8 prediction”.

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived as follows.
· If x is equal to 7 and y is equal to 7,

pred8x8L[ x, y ] = ( p[ 14, -1 ] + 3 * p[15, -1 ] + 2 ) >> 2


· Otherwise (x is not equal to 7 or y is not equal to 7),

pred8x8L[ x, y ] = ( p[ x + y, -1 ] + 2 * p[ x + y + 1, -1 ] + p[ x + y + 2, -1 ] + 2 ) >> 2


8.3.2.2.5 Specification of Intra_8x8_Diagonal_Down_Right prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 4.

This mode shall be used only when the samples p[ x, -1 ] with x = 0..7 and p[ -1, y ] with y = -1..7 are marked as “available for Intra_8x8 prediction”.  

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived as follows.

· If x is greater than y,

pred8x8L[ x, y ] = ( p[ x - y - 2, -1] + 2 * p[ x - y - 1, -1 ] + p[ x - y, -1 ] + 2 ) >> 2


· Otherwise if x is less than y,

pred8x8L[ x, y ] = ( p[ -1, y - x - 2 ] + 2 * p[ -1, y - x - 1 ] + p[ -1, y - x ] + 2 ) >> 2


· Otherwise (x is equal to y),

pred8x8L[ x, y ] = ( p[ 0, -1 ] + 2 * p[ -1, -1 ] + p[ -1, 0 ] + 2 ) >> 2


8.3.2.2.6 Specification of Intra_8x8_Vertical_Right prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 5.

This mode shall be used only when the samples p[ x, -1 ] with x = 0..7 and p[ -1, y ] with y = -1..7 are marked as “available for Intra_8x8 prediction”.

Let the variable zVR be set equal to 2 * x – y.

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived as follows.
· If zVR is equal to 0, 2, 4,  6, 8, 10, 12, or 14

pred8x8L[ x, y ] = ( p[ x - ( y >> 1 ) - 1, -1 ] + p[ x - ( y >> 1 ), -1 ] + 1 ) >> 1


· Otherwise, if zVR is equal to 1, 3, 5, 7, 9, 11, or 13

pred8x8L[ x, y ] = ( p[ x - ( y >> 1 ) - 2, -1] + 2 * p[ x - ( y >> 1 ) - 1, -1 ] + p[ x - ( y >> 1 ), -1 ] + 2 ) >> 2


· Otherwise, if zVR is equal to -1,

pred8x8L[ x, y ] = ( p[ -1, 0 ] + 2 * p[ -1, -1 ] + p[ 0, -1 ] + 2 ) >> 2


· Otherwise (zVR is equal to -2, -3, -4, -5, -6, or -7),

pred8x8L[ x, y ] = ( p[ -1, y - 2*x - 1 ] + 2 * p[ -1, y - 2*x - 2 ] + p[ -1, y - 2*x - 3 ] + 2 ) >> 2


8.3.2.2.7 Specification of Intra_8x8_Horizontal_Down prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 6.

This mode shall be used only when the samples p[ x, -1 ] with x = 0..7 and p[ -1, y ] with y = -1..7 are marked as “available for Intra_8x8 prediction”.  

Let the variable zHD be set equal to 2 * y – x.

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived as follows.
· If zHD is equal to 0, 2, 4, 6, 8, 10, 12, or 14

pred8x8L[ x, y ] = ( p[ -1, y -( x >> 1 ) - 1 ] + p[ -1, y - ( x >> 1 ) ] + 1 ) >> 1


· Otherwise, if zHD is equal to 1, 3, 5, 7, 9, 11, or 13

pred8x8L[ x, y ] = ( p[ -1, y - ( x >> 1 ) - 2 ] + 2 * p[ -1, y - ( x >> 1 ) - 1 ] + p[ -1, y - ( x >> 1 ) ] + 2 ) >> 2


· Otherwise, if zHD is equal to -1,

pred8x8L[ x, y ] = ( p[ -1, 0 ] + 2 * p[ -1, -1 ] + p[ 0, -1 ] + 2 ) >> 2


· Otherwise (zHD is equal to –2, -3, -4, -5, -6, -7),

pred8x8L[ x, y ] = ( p[ x - 2*y - 1, -1 ] + 2 * p[ x - 2*y - 2, -1 ] + p[ x - 2*y - 3, -1 ] + 2 ) >> 2


8.3.2.2.8 Specification of Intra_8x8_Vertical_Left prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 7.

This mode shall be used only when the samples p[ x, -1 ] with x = 0..15 are marked as “available for Intra_8x8 prediction”.

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived as follows.
· If y is equal to 0, 2, 4 or 6

pred8x8L[ x, y ] = ( p[ x + ( y >> 1 ), -1 ] + p[ x + ( y >> 1 ) + 1, -1 ] + 1) >> 1


· Otherwise (y is equal to 1, 3, 5, 7),

pred8x8L[ x, y ] = ( p[ x + ( y >> 1 ), -1 ] + 2 * p[ x + ( y >> 1 ) + 1, -1 ] + p[ x + ( y >> 1 ) + 2, -1 ] + 2 ) >>2





8.3.2.2.9 Specification of Intra_8x8_Horizontal_Up prediction mode

This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 8.

This mode shall be used only when the samples p[ -1, y ] with y = 0..7 are marked as “available for Intra_8x8 prediction”.

Let the variable zHU be set equal to x + 2 * y.

The values of the prediction samples pred8x8L[ x, y ], with x, y = 0..7 are derived as follows:
· If zHU is equal to 0, 2, 4, 6, 8, 10, or 12

pred8x8L[ x, y ] = ( p[ -1, y + ( x >> 1 ) ] + p[ -1, y + ( x >> 1 ) + 1 ] + 1 ) >> 1


· Otherwise, if zHU is equal to 1, 3, 5, 7, 9, or 11

pred8x8L[ x, y ] = ( p[ -1, y + ( x >> 1 ) ] + 2 * p[ -1, y + ( x >> 1 ) + 1 ] + p[ -1, y + ( x >> 1 ) + 2 ] + 2 ) >>2






· Otherwise, if zHU is equal to 13,

pred8x8L[ x, y ] = ( p[ -1, 6 ] + 3 * p[ -1, 7 ] + 2 ) >> 2


· Otherwise (zHU is greater than 13),

pred8x8L[ x, y ] = p[ -1, 7]



8.5
Transform coefficient decoding process and picture construction process prior to deblocking filter process

Inputs to this process are Intra16x16DCLevel (if available), Intra16x16ACLevel (if available), LumaLevel (if available), LumaLevel64 (if available), ChromaDCLevel, ChromaACLevel, and available Inter or Intra prediction sample arrays for the current macroblock for the applicable component predL, predCb, or predCr.

NOTE – When decoding a macroblock in Intra_4x4 (or Intra 8x8) prediction mode, the luma component of the macroblock prediction array may not be complete, since for each 4x4 (8x8) luma block, the Intra_4x4 (8x8) prediction process for luma samples as specified in subclause 8.3.1 (8.3.2) and the process specified in this subclause are iterated.

NOTE – When decoding a macroblock in Intra_4x4 (or Intra 8x8) prediction mode, the luma component of the macroblock constructed sample arrays prior to the deblocking filter process may not be complete, since for each 4x4 (8x8) luma block, the Intra_4x4 (8x8) prediction process for luma samples as specified in subclause 8.3.1 (8.3.2) and the process specified in this subclause are iterated.

When the current macroblock is coded as P_Skip or B_Skip, all values of LumaLevel, LumaLevel64, ChromaDCLevel, ChromaACLevel are set equal to 0 for the current macroblock.

From Table 8.x, lumaTransformSize is derived. 

Table 8.x – Derivation of lumaTransformSize

	Macroblock Type
	transform_8x8_mode_flag
	all_8x8
	lumaTransformSize

	Intra_4x4
	Na
	na
	4

	Intra_8x8
	Na
	na
	8

	Intra_16x16
	Na
	na
	4

	P_16x16
	0
	na
	4

	
	1
	na
	8

	P_8x16
	0
	na
	4

	
	1
	na
	8

	P_16x8
	0
	na
	4

	
	1
	na
	8

	P_8x8
	0
	na
	4

	
	1
	0
	4

	
	1
	1
	8

	B_Direct
	0
	na
	4

	
	1
	na
	8

	B_16x16
	0
	na
	4

	
	1
	na
	8

	B_16x8
	0
	na
	4

	
	1
	na
	8

	B_8x16
	0
	na
	4

	
	1
	na
	8

	B_8x8
	0
	na
	4

	
	1
	0
	4

	
	1
	1
	8


8.5.1 Specification of transform decoding process for 4x4 luma residual blocks

When the current macroblock prediction mode is not equal to Intra_16x16 and lumaTransformSize is equal to 4, …

8.5.2 Specification of transform decoding process for 8x8 luma residual blocks

When the current macroblock prediction mode is not equal to Intra_16x16 and lumaTransformSize is equal to 8, the variable LumaLevel64 contains the levels for the luma transform coefficients. For an 8x8 luma block indexed by luma8x8BlkIdx = 0..3, the following ordered steps are specified. 

1. The inverse transform coefficient scanning process as described in subclause 8.5.? is invoked with LumaLevel64[ luma8x8BlkIdx ] as the input and the two-dimensional array c as the output.

2. The scaling and transformation process for residual 8x8 blocks as specified in subclause 8.5.?is invoked with c as the input and r as the output.

3. The position of the upper-left sample of an 8x8 luma block with index luma8x8BlkIdx inside the macroblock is derived by invoking the inverse 8x8 luma block scanning process in subclause 6.4.2.2 with luma8x8BlkIdx as the input and the output being assigned to ( xO, yO ). 

4. The 8x8 array u with elements uij for i, j = 0..7 is derived as 

uij = Clip1( predL[ xO + j, yO + i ] + rij ) 

(8-243)
5. The picture construction process prior to deblocking filter process in subclause 8.5.? is invoked with luma8x8BlkIdx, u as the input and S’ as the output.

8.5.4 Inverse scanning process for 4x4 transform coefficients

8.5.5 Inverse scanning process for 8x8 Luma transform coefficients

Input to this process is a list of 64 values. 

Output of this process is a variable c containing a two-dimensional array of 8x8 values with level assigned to locations in the transform block.

The decoding process maps the sequence of transform coefficient levels to the transform coefficient level positions. For this mapping, the two inverse scanning patterns shown in Figure 8‑9 are used. 

The inverse zig-zag scan shall be used for frame macroblocks and the inverse field scan shall be used for field macroblocks.
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a) Zig-zag scan
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b) Field scan
Figure 8-9 – 8x8 Scan Orders

Table 8‑13 provides the mapping from the index idx of input list of 64 elements to indices i and j of the two-dimensional array c.

Table 8‑13 – Specification of mapping of idx to cij for zig-zag and field scan

	idx
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	zig-zag
	c00
	c01
	c10
	c20
	c11
	c02
	c03
	c12
	c21
	c30
	c40
	c31
	c22
	c13
	c04
	c05

	field
	c00
	c10
	c20
	c01
	c11
	c30
	c40
	c21
	c02
	c12
	c31
	c50
	c60
	c41
	c22
	c04


	idx
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	zig-zag
	c14
	c23
	c32
	c41
	c50
	c60
	c51
	c42
	c33
	c24
	c15
	c06
	c07
	c16
	c25
	c34

	field
	c14
	c32
	c51
	c70
	c61
	c42
	c23
	c04
	c14
	c33
	c52
	c71
	c62
	c43
	c24
	c05


	idx
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	zig-zag
	c43
	c52
	c61
	c70
	c71
	c62
	c53
	c44
	c35
	c26
	c17
	c27
	c36
	c45
	c54
	c63

	field
	c15
	c34
	c53
	c72
	c63
	c44
	c25
	c06
	c16
	c35
	c54
	c73
	c64
	c45
	c26
	c07


	idx
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63

	zig-zag
	c72
	c73
	c64
	c55
	c46
	c37
	c47
	c56
	c65
	c74
	c75
	c66
	c57
	c67
	c76
	c77

	field
	c17
	c36
	c55
	c74
	c65
	c46
	c27
	c37
	c56
	c75
	c66
	c47
	c57
	c76
	c67
	c77


8.5.6 Derivation process for the quantisation parameters and scaling function

The function LevelScale64( m, i, j ) is specified as follows:


LevelScale64(m,i,j) =
Vm0 for (i,j) in {(0,0), (0,4), (4,0), (4,4)},



Vm1 for (i,j) in {(1,1), (1,3), (1,5), (1,7), 




 (3,1), (3,3), (3,5), (3,7),




 (5,1), (5,3), (5,5), (5,7),




 (7,1), (7,3), (7,5), (7,7)},



Vm2 for (i,j) in {(2,2), (2,6), (6,2), (6,6)},



Vm3 for (i,j) in {(0,1), (0,3), (0,5), (0,7), 




 (2,1), (2,3), (2,5), (2,7),




 (4,1), (4,3), (4,5), (4,7),




 (6,1), (6,3), (6,5), (6,7),




 (1,0), (1,2), (1,4), (1,6), 




 (3,0), (3,2), (3,4), (3,6), 




 (5,0), (5,2), (5,4), (5,6), 




 (7,0), (7,2), (7,4), (7,6)},



Vm4 for (i,j) in {(0,2), (0,6), (4,2), (4,6),




 (2,0), (2,4), (6,0), (6,4)},



Vm5 otherwise

where the first and second subscripts of v are row and column indices, respectively, of the matrix specified as:
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8.5.10 Scaling and transformation process for residual 8x8 blocks

Input to this process is an 8x8 array c with elements cij which is an array relating to an 8x8 residual block of the luma component.

Outputs of this process are residual sample values as 8x8 array r with elements rij.

Scaling of 8x8 block transform coefficient levels cij proceeds as follows.

dij = (cij * LevelScale64 (QPY % 6, i, j)) << (QPY / 6)
,   with i, j = 0..7

The bitstream shall not contain data that results in any element dij of d with i, j = 0..7 that exceeds the range of integer values from –215 to 215–1, inclusive.

The transform process shall convert the block of scaled transform coefficients to a block of output samples in a manner mathematically equivalent to the following.

First, each (horizontal) row of scaled transform coefficients is transformed using a one-dimensional inverse transform as follows.

A set of intermediate values eij is computed as follows.
ei0 = di0 + di4,   with   i = 0..7



ei1 = -di3 + di5 – di7 – (di7 >> 1),   with   i = 0..7



ei2 = di0 – di4,   with   i = 0..7



ei3 = di1 + di7 – di3 – (di3 >> 1),   with   i = 0..7



ei4 = ( di2 >> 1 ) – di6,   with   i = 0..7



ei5 = -di1 + di7 + di5 + (di5 >> 1),   with   i = 0..7



ei6 = di2 + ( di6 >> 1 ),   with   i = 0..7



ei7 = di3 + di5 + di1 + (di1 >> 1),   with   i = 0..7



The bitstream shall not contain data that results in any element eij of e with i, j = 0..7 that exceeds the range of integer values from –215 to 215–1, inclusive.

A second set of intermediate results fij is computed from the intermediate values eij as follows.

fi0 = ei0 + ei6,   with   i = 0..7



fi1 = -(ei1 >> 2) + ei7,   with   i = 0..7



fi2 = ei2 + ei4,   with   i = 0..7



fi3 = ei3 + (ei5 >> 2)  with   i = 0..7



fi4 = ei4 – ei2,   with   i = 0..7



fi5 = (ei3 >> 2) - ei5  with   i = 0..7



fi6 = ei0 – ei6,   with   i = 0..7



fi7 = -(ei1 >> 2) + ei7  with   i = 0..7



The bitstream shall not contain data that results in any element fij of f with i, j = 0..7 that exceeds the range of integer values from –215 to 215–1, inclusive.

Then, the transformed result gij is computed from these intermediate values fij as follows.

gi0 = fi0 + fi7,   with   i = 0..7



gi1 = fi2 + fi5,   with   i = 0..7



gi2 = fi3 + fi4,   with   i = 0..7



gi3 = fi1 + fi6,   with   i = 0..7



gi4 = fi6 - fi1,   with   i = 0..7



gi5 = fi4 - fi3,   with   i = 0..7



gi6 = fi2 - fi5,   with   i = 0..7



gi7 = fi0 - fi7,   with   i = 0..7



The bitstream shall not contain data that results in any element gij of f with i, j = 0..7 that exceeds the range of integer values from –215 to 215–1, inclusive.

Then, each (vertical) column of the resulting matrix is transformed using the same one-dimensional inverse transform as follows.

A set of intermediate values hij is computed from the horizontally transformed value gij as follows.
hi0 = gi0 + gi4,   with   i = 0..7



hi1 = -gi3 + gi5 – gi7 – (gi7 >> 1),   with   i = 0..7



hi2 = gi0 – gi4,   with   i = 0..7



hi3 = gi1 + gi7 – gi3 – (gi3 >> 1),   with   i = 0..7



hi4 = ( gi2 >> 1 ) – gi6,   with   i = 0..7



hi5 = -gi1 + gi7 + gi5 + (gi5 >> 1),   with   i = 0..7



hi6 = gi2 + ( gi6 >> 1 ),   with   i = 0..7



hi7 = gi3 + gi5 + gi1 + (gi1 >> 1),   with   i = 0..7



The bitstream shall not contain data that results in any element hij of g with i, j = 0..7 that exceeds the range of integer values from –215 to 215–1, inclusive.

A second set of intermediate results kij is computed from the intermediate values hij as follows.

ki0 = hi0 + hi6,   with   i = 0..7



ki1 = -(hi1 >> 2) + hi7,   with   i = 0..7



ki2 = hi2 + hi4,   with   i = 0..7



ki3 = hi3 + (hi5 >> 2)  with   i = 0..7



ki4 = hi4 – hi2,   with   i = 0..7



ki5 = (hi3 >> 2) - hi5  with   i = 0..7



ki6 = hi0 – hi6,   with   i = 0..7



ki7 = -(hi1 >> 2) + hi7  with   i = 0..7



The bitstream shall not contain data that results in any element kij of h with i, j = 0..7 that exceeds the range of integer values from –215 to 215–33, inclusive.

Then, the transformed result mij is computed from these intermediate values kij as follows.

mi0 = ki0 + ki7,   with   i = 0..7



mi1 = ki2 + ki5,   with   i = 0..7



mi2 = ki3 + ki4,   with   i = 0..7



mi3 = ki1 + ki6,   with   i = 0..7



mi4 = ki6 - ki1,   with   i = 0..7



mi5 = ki4 - ki3,   with   i = 0..7



mi6 = ki2 - ki5,   with   i = 0..7



mi7 = ki0 - ki7,   with   i = 0..7

After performing both the one-dimensional horizontal and the one-dimensional vertical inverse transforms to produce an array of transformed samples, the final constructed residual sample values shall be derived as
rij = (mij + 26) >> 7 with i, j = 0..7

8.5.10 Picture construction process for non 8x8 luma residuals prior to deblocking filter process
8.5.11 Picture construction process for 8x8 luma residuals prior to deblocking filter process

Inputs to this process are

· luma8x8BlkIdx

· a constructed residual sample 8x8 array u with elements uij which is a luma residual block
· the prediction sample 8x8 array predL
Outputs of this process are constructed luma sample blocks S'L  prior to the deblocking filter process.

The position of the upper-left luma sample of the current macroblock is derived by invoking the inverse macroblock scanning process in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

For each sample uij of the 8x8 luma block, the following applies.

· The position of the upper-left sample of an 8x8 luma block with index luma8x8BlkIdx inside the macroblock is derived by invoking the inverse 8x8 luma block scanning process in subclause 6.4.2.2 with luma8x8BlkIdx as the input and the output being assigned to ( xO, yO ).

· Depending on the variable MbaffFrameFlag, the following applies.

· If MbaffFrameFlag is equal to 1 and the current macroblock is a field macroblock

S'L[ xP + xO + j, yP + 2 * ( yO + i ) ] = uij   with i, j = 0..7
· Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

S'L[ xP + xO + j, yP + yO + i ] = uij   with i, j = 0..7


8.7 Deblocking filter process

A conditional filtering shall be applied to all 4x4 NxN (where N=lumaTransformSize for luma, and N=4 for chroma) block edges of a picture, except edges at the boundary of the picture …

The deblocking filter process is invoked for the luma and chroma components separately. For each macroblock, vertical edges are filtered first, from left to right, and then horizontal edges are filtered from top to bottom. The luma deblocking filter process is performed on two (when N=8) or four (when N=4) 16-sample edges …
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2. Given the variables lumaTransformSize, fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag the deblocking filtering is controlled as follows.

· When filterLeftMbEdgeFlag is equal to 1, the filtering of the left vertical luma edge is specified as follows.

· The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and (xEk, yEk) = (0, k) with k = 0..15 as input and S'L as output.

· When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical luma edges is specified as follows.

· If lumaTransformSize is equal to 4, Tthe process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and (xEk, yEk) = (4, k) with k = 0..15 as input and S'L as output.

· The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and (xEk, yEk) = (8, k) with k = 0..15 as input and S'L as output.

· If lumaTransformSize is equal to 4, Tthe process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and (xEk, yEk) = (12, k) with k = 0..15 as input and S'L as output.

· When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal luma edge is specified as follows.

· If MbaffFrameFlag is equal to 1, (mbAddr % 2) is equal to 0, mbAddr is greater than or equal to 2 * PicWidthInMbs, the macroblock mbAddr is a frame macroblock, and the macroblock (mbAddr ‑ 2 * PicWidthInMbs + 1) is a field macroblock, the following applies.

-
The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = 1, and (xEk, yEk) = (k, 0) with k = 0..15 as input and S'L as output.

-
The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = 1, and (xEk, yEk) = (k, 1) with k = 0..15 as input and S'L as output.

· Otherwise, the process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEk, yEk) = (k, 0) with k = 0..15 as input and S'L as output.

· When filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal luma edges is specified as follows. 

· If lumaTransformSize is equal to 4, Tthe process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEk, yEk) = (k, 4) with k = 0..15 as input and S'L as output.

· The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEk, yEk) = (k, 8) with k = 0..15 as input and S'L as output.

· If lumaTransformSize is equal to 4, TtThe process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEk, yEk) = (k, 12) with k = 0..15 as input and S'L as output.

CABAC parsing process for slice data

Table 9‑11 – Association of ctxIdx and syntax elements for each slice type in the initialisation process

	macroblock_layer( )
	mb_type
	Table 9‑12,
Table 9‑13,
Table 9‑14.
	0-10
	3-10
	14-20
	27-35

	
	intra_pred_size
	Table 9-17
	n/a
	399
	399
	399

	
	coded_block_pattern
(luma)
	Table 9‑18
	73-76
	73-76
	73-76
	73-76

	
	coded_block_pattern
(chroma)
	Table 9‑18
	77-84
	77-84
	77-84
	77-84

	
	mb_qp_delta
	Table 9‑17
	60-63
	60-63
	60-63
	60-63

	mb_pred( )
	prev_intra4x4_pred_mode_flag
	Table 9‑17
	68
	68
	68
	68

	
	rem_intra4x4_pred_mode
	Table 9‑17
	69
	69
	69
	69

	
	prev_intra8x8_pred_mode_flag
	Table 9-17
	400
	400
	400
	400

	
	rem_intra8x8_pred_mode
	Table 9-17
	401
	401
	401
	401

	
	intra_chroma_pred_mode
	Table 9‑17
	64-67
	64-67
	64-67
	64-67


	residual_block_cabac( )
	coded_block_flag
	Table 9-18,
Table 9-24. 
	85-104,
402-405
	85-104,
402-405
	85-104,
402-405
	85-104,
402-405

	
	significant_coeff_flag[ ]
	Table 9‑19,
Table 9‑22.
	105-165,
277-337
	105-165,
277-337
	105-165,
277-337
	105-165,
277-337

	
	last_significant_coeff_flag[ ]
	Table 9‑20,
Table 9‑23.
	166-226,
338-398
	166-226,
338-398
	166-226,
338-398
	166-226,
338-398

	
	coeff_abs_level_minus1[ ]
	Table 9‑21
	227-275
	227-275
	227-275
	227-275


Table 9‑17 – Values of variables m and n for ctxIdx from 60 to 69, and 399 to 401

	Initialisation variables
	ctxIdx

	
	60
	61
	62
	63
	64
	65
	66
	67
	68
	69
	399
	400
	401

	M
	0
	0
	0
	0
	-9
	4
	0
	-7
	13
	3
	0
	13
	3

	N
	41
	63
	63
	63
	83
	86
	97
	72
	41
	62
	63
	41
	62


9.3.2 Binarization Process

The possible values of the context index ctxIdx are in the range 0 to 398401

Table 9‑24 – Syntax elements and associated types of binarization, maxBinIdxCtx, and ctxIdxOffset

	intra_pred_size
	FL, cMax=1
	0
	399

	prev_intra8x8_pred_mode_flag
	FL, cMax=7
	0
	400

	rem_intra8x8_pred_mode
	FL, cMax=1
	0
	401


Table 9‑26 – Binarization for macroblock types in I slices

Change

	0 (I_4x4NxN)
	0
	
	
	
	
	
	


Table 9‑29 – Assignment of ctxIdxInc to binIdx for all ctxIdxOffset values except those related to the syntax elements coded_block_flag, significant_coeff_flag, last_significant_coeff_flag, and coeff_abs_level_minus1

	399
	0
	na
	na
	na
	na
	na
	na

	400 
	0
	na
	na
	na
	na
	na
	na

	401
	0
	0
	0
	na
	na
	na
	na


Table 9‑30 – Assignment of ctxIdxBlockCatOffset to ctxBlockCat for syntax elements coded_block_flag, significant_coeff_flag, last_significant_coeff_flag, and coeff_abs_level_minus1

	Syntax element
	ctxBlockCat (as specified in Table 9‑32)

	
	0
	1
	2
	3
	4
	5

	coded_block_flag
	0
	4
	8
	12
	12
	16

	significant_coeff_flag
	0
	15
	29
	44
	44 
	47

	last_significant_coeff_flag
	0
	15
	29
	44
	44
	47

	coeff_abs_level_minus1
	0 
	10
	20
	30
	30
	39


9.3.3.1.1.3 Derivation process of ctxIdxInc for the syntax element mb_type

· ctxIdxOffset is equal to 3 and mb_type for the macroblock mbAddrN is equal to I_4x4NxN
9.3.3.1.1.9 Derivation process of ctxIdxInc for the syntax element coded_block_flag

· Otherwise, if ctxBlockCat is equal to 3, luma8x8BlkIdx

· Otherwise, if ctxBlockCat is equal to 34, the chroma component index iCbCr

· Otherwise (ctxBlockCat is equal to 45), chroma4x4BlkIdx and the chroma component index compIdx

· Otherwise, if ctxBlockCat is equal to 3, the following applies.

· The derivation process for neighbouring 8x8 luma blocks specified in subclause 6.4.7.2 is invoked with luma8x8BlkIdx as input and the output is assigned to mbAddrN, luma8x8BlkIdxN (with N being either A or B).

· The variable transBlockN is derived as follows.

· If mbAddrN is available, the macroblock mbAddrN is not skipped, mb_type for the macroblock mbAddrN is not equal to I_PCM, and (( CodedBlockPatternLuma >> luma8x8BlkIdxN ) & 1 ) is not equal to 0 for the macroblock mbAddrN, the 8x8 luma block with luma8x8BlkIdxN of macroblock mbAddrN is assigned to transBlockN.

· Otherwise, transBlockN is marked as not available.

· Otherwise, if ctxBlockCat is equal to 34, the following applies.

· Otherwise (ctxBlockCat is equal to 45), the following applies.
9.3.3.1.2 Assignment process of ctxIdxInc using prior decoded bin values

Table 9‑32 – Specification of ctxBlockCat for the different blocks

	Block description
	maxNumCoeff
	ctxBlockCat

	block of luma DC transform coefficient levels (for macroblock coded in Intra_16x16 prediction modei.e., list Intra16x16DCLevel as described in 7.4.5.3)
	16
	0

	block of luma AC transform coefficient levels (for macroblock coded in Intra_16x16 prediction mode i.e., list Intra16x16ACLevel[i] as described in 7.4.5.3)
	15
	1

	block of 16 luma transform coefficient levels (for macroblock not coded in Intra_16x16 prediction mode i.e., list LumaLevel[i] as described in 7.4.5.3)
	16
	2

	block of 64 luma transform coefficient levels (i.e., list LumaLevel64[i] as described in 7.4.5.3)
	64
	3

	block of chroma DC transform coefficient levels
	4
	34

	block of chroma AC transform coefficient levels
	15
	45


Change

The scanning position for frame coded blocks relates to the zig-zag scan; the scanning position for field coded blocks relates to the field scan relates to the scan orders as specified in subclause 8.5.4.
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