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Introduction

The purpose of this document is to describe the implementation of the Advanced 4:4:4 profiles with the current MPEG4-Part10/H.264 specification. As proposed in JVT-P017 and JVT-P016, the new Advanced 4:4:4 profiles apply all of the existing luma coding tools in the current specification to code all three input channels with addition of a new lossless intra residue DPCM process. In the meantime, the maximum bit depth for the input signals is extended to 14 bits in the Advanced 4:4:4 profiles.

This document is organized as follows. In Section 1, the notation used to describe the new coding algorithm for the 4:4:4 video format is discussed first. The detailed discussions on the various aspects of the algorithm, such as the basic idea, intra/inter prediction, coding of the CBP, residue coding, quantization, entropy coding, new lossless intra DPCM process, are given in Section 3. Section 4 discusses the syntax and semantic changes. Discussions on the changes to the encoder and decoder process are given in Section 4 and Section 5, respectively.

1 Notation

1.1 General reference for the 4:4:4 source signals

Due to the fact that the fundamental change proposed in JVT-P017 is to encode all three input channels with the existing luma coding tools, the input video signals with the 4:4:4 color sampling format are referred as luma (or L or Y), Cb, and Cr in this document and in the draft amendment for the Advanced 4:4:4 profiles. 

1.2 Index reference for Cb and Cr blocks with various sizes

Similar to the index reference names used for luma in the current specification, the following set of new index reference names have been created and used in this document and the draft amendment for the Advanced 4:4:4 profiles, which are:

Cb: cb4x4BlkIdx, cb8x8BlkIdx;

Cr: cr4x4BlkIdx, cr8x8BlkIdx.

1.3 Reference for the Cb and Cr residues

Similar to the residue reference names used for luma in the current specification, the following set of new residue reference names for Cb and Cr have been created and used in this document and the draft amendment for the Advanced 4:4:4 profiles, which are:

Cb: CbIntra16x16DCLevel, CbIntra16x16ACLevel, CbLevel, CbLevel8x8;

Cr: CrIntra16x16DCLevel, CrIntra16x16ACLevel, CrLevel, CrLevel8x8.

1.4 Reference for the Cb and Cr prediction blocks

Similar to the reference names for the prediction blocks used for luma in the current specification, the following set of new reference names for the Cb and Cr prediction blocks have been created and used in this document and the draft amendment for the Advanced 4:4:4 profiles, which are:

Cb: pred4x4Cb, pred8x8Cb;

Cr: pred4x4Cr, pred8x8Cr.
2 Algorithm

2.1 Basic idea

To improve the overall coding performance for 4:4:4 video signals, all of the spatial and temporal prediction tools that exist in the current specification for luma are applied to all three input channels. For intra macroblocks, this implies that every input channel is compressed by using those prediction modes listed in Table 8-2 for the Intra_4x4 prediction, in Table 8-3 for the Intra_8x8 prediction, and in Table 8-4 for the Intra_16x16 prediction as found in [1]. For the B and P macroblocks, the motion vectors for luma are also used in the process to calculate the inter prediction samples for Cb and Cr. In addition, the interpolation methods described in Section 8.4.2.2.1 “Luma sample interpolation process” in [1] are used for all of the input channels to calculate the reference pixels at the fractional pixel locations. 

2.2 No change to “mb_type”

To minimize the syntax changes to the existing specification, no new macroblock type is proposed for the Advanced 4:4:4 profiles. All of the existing macroblock types along with the associated coding parameters listed in Table 7-11 “Macroblock types for I slices”, Table 7-13 “Macroblock types values 0 to 4 for P and SP slices” with the associated Table 7-17 Sub-macroblock types in P macroblocks”, and Table 7-14 “Macroblock type values 0 to 22 for B slices” with the associated Table 7-18 “Sub-macroblock types in B macroblocks” in [1] are still valid. For the case of intra macroblocks, all three input channels, luma, Cb, and Cr, will be encoded based on the MbPartPredMode defined in Table 7-11. For example, an Intra_4x4 macroblock in the Advanced 4:4:4 profiles means every input component channel will be encoded by choosing one of the 9 possible prediction modes given in Table 8-2. 

2.3 Common spatial prediction mode

To further reduce the necessary syntax changes, a common prediction mode is shared by all three input channels. For the case of Intra_4x4 or Intra_8x8 macroblock types, this is done by using the luma prediction information currently carried in the existing Macroblock Prediction syntax with the syntax elements, such as prev_intra4x4_pred_mode_flag and rem_intra4x4_pred_mode, or prev_intra8x8_pred_mode_flag and rem_intra8x8_pred_mode, for all three input channels. For example, the spatial prediction mode derived from the process described in Section 8.3.1.1 “Derivation process for the Intra4x4PredMode” for the luma block with index luma4x4BlkIdx is also used in the process to generate the prediction samples pred4x4Cb for Cb block with index luma4x4BlkIdx equal to cb4x4BlkIdx. For the Intra_16x16 case, the prediction mode Intra16x16PredMode specified in Table 7-11 is also used by the luma, Cb, and Cr components. 

In addition, the syntax element intra_chroma_pred_mode will not be used in the Advanced 4:4:4 profiles.

2.4 Same interpolation process for all input channels

For the B and P macroblocks, the changes made for the Advanced 4:4:4 profiles occur at the interpolation process. Here, the procedure described in Section 8.4.2.2.1 for the calculation of the prediction sample values at the fractional pixel locations for luma is also applied for Cb and Cr. In addition, the motion vectors for luma are also used in calculating the inter prediction samples for Cb and Cr.
2.5 One CBP for luma, Cb, and Cr
To keep the current Macroblock layer syntax unchanged, the syntax element coded_block_pattern has been redefined for the Advanced 4:4:4 profiles. Only the lower four bits of the coded_block_pattern are used in each of the non Intra_16x16 macroblocks. For the Intra_16x16 case, the current CodedBlockPatternLuma defined in Table 7-11 for each of the I_16x16 macroblock types is redefined for the Advanced 4:4:4 profiles. The detailed semantic changes are discussed in the draft amendment for the Advanced 4:4:4 profiles.

2.6 Bit depth extension

Per the request from the US national delegation and other companies, the bit depth for each of the input component has been increased to 14 bits. The 14-bit extension requires some straightforward semantic changes that will be discussed in the draft amendment for the Advanced 4:4:4 profiles. 

2.7 Deblocking filter for Cb and Cr
The deblocking filters designed for luma in Subclause 8.7 “Deblocking filter process” [1] are also applied for Cb and Cr in the Advanced 4:4:4 profiles. The change to Subclause is rather straightforward and its detailed description is given in the draft amendment for the Advanced 4:4:4 profiles.

2.8 Residue coding 

The luma portion of the residue data syntax described in Subclause 7.3.5.3 [1] is repeated twice for coding the residues of Cb and Cr. The detailed description of the new syntax for the residue data is given in the draft amendment for the Advanced 4:4:4 profiles. In the new residue data syntax, new variables have been added. For Cb, these new variables are CbIntra16x16DCLevel, CbIntra16x16ACLevel, CbLevel, and CbLevel8x8. For Cr, they are CrIntra16x16DCLevel, CrIntra16x16ACLevel, CrLevel, and CrLevel8x8. These new variables will be used in a similar way as Intra16x16DCLevel, Intra16x16ACLevel, LumaLevel, and LumaLevel8x8 for luma. 

2.9 Entropy coding

Since there is no change to the bitstream syntax above the residual data coding, no change is made for the Advanced 4:4:4 profiles in Exp-Golomb codes. 

For the residual data entropy encoding/decoding, there is no syntax change to both Subclause 7.3.5.3.1 “Residual block CAVLC syntax” and Subclause 7.3.5.3.2 “Residual block CABAC syntax” in [1]. In fact, for the CAVLC case, the encoding, parsing, and decoding process currently used in the specification can be applied directly to Cb and Cr. The changes to Subclause 9.2 “CAVLC parsing process for transform coefficient levels” are rather straightforward, which can be seen in the draft amendment for the Advanced 4:4:4 profiles.

For the CABAC entropy encoding/decoding, the changes only occur to the syntax elements coded_block_flag, significant_coeff_flag, last_significant_coeff_flag, and coeff_abs_level_minus1. In the Advanced 4:4:4 profiles, two sets of new contexts are added for these four syntax elements, one set for Cb, and the other one for Cr. These two sets of contexts are used together with the corresponding set of contexts that exists currently for luma. The context initialization values for the new contexts are identical to initialization values listed for the corresponding luma contexts in the current specification, and all three sets of contexts are initialized and updated independently.  

For example, a new Table 9-18-1 “Values of variables m and n for ctxIdx from 460 to 483” is created for the syntax element coded_block_flag for Cb and Cr. The m and n values for ctxIdx from 85 to 96 in Table 9-18 are used in Table 9-18-1 for ctxIdx from 460 to 471 and 472 to 483. Both Table 9-18 and Table 9-18-1 are given below for reference. To accommodate these new contexts, Table 9-31, Table 9-33, and Table 9-25 are also modified as shown below. For the detailed changes to Subclause 9.3 and all of the newly added contexts and tables, please refer the draft amendment for the Advanced 4:4:4 profiles.
Table 9‑18 – Values of variables m and n for ctxIdx from 70 to 104

	ctxIdx
	I and SI 
slices
	Value of cabac_init_idc
	ctxIdx
	I and SI 
slices
	Value of cabac_init_idc

	
	
	0
	1
	2
	
	
	0
	1
	2

	
	m
	n
	m
	n
	m
	n
	m
	n
	
	m
	n
	m
	n
	m
	n
	m
	n

	70
	0
	11
	0
	45
	13
	15
	7
	34
	88
	-11
	115
	-13
	108
	-4
	92
	5
	78

	71
	1
	55
	-4
	78
	7
	51
	-9
	88
	89
	-12
	63
	-3
	46
	0
	39
	-6
	55

	72
	0
	69
	-3
	96
	2
	80
	-20
	127
	90
	-2
	68
	-1
	65
	0
	65
	4
	61

	73
	-17
	127
	-27
	126
	-39
	127
	-36
	127
	91
	-15
	84
	-1
	57
	-15
	84
	-14
	83

	74
	-13
	102
	-28
	98
	-18
	91
	-17
	91
	92
	-13
	104
	-9
	93
	-35
	127
	-37
	127

	75
	0
	82
	-25
	101
	-17
	96
	-14
	95
	93
	-3
	70
	-3
	74
	-2
	73
	-5
	79

	76
	-7
	74
	-23
	67
	-26
	81
	-25
	84
	94
	-8
	93
	-9
	92
	-12
	104
	-11
	104

	77
	-21
	107
	-28
	82
	-35
	98
	-25
	86
	95
	-10
	90
	-8
	87
	-9
	91
	-11
	91

	78
	-27
	127
	-20
	94
	-24
	102
	-12
	89
	96
	-30
	127
	-23
	126
	-31
	127
	-30
	127

	79
	-31
	127
	-16
	83
	-23
	97
	-17
	91
	97
	-1
	74
	5
	54
	3
	55
	0
	65

	80
	-24
	127
	-22
	110
	-27
	119
	-31
	127
	98
	-6
	97
	6
	60
	7
	56
	-2
	79

	81
	-18
	95
	-21
	91
	-24
	99
	-14
	76
	99
	-7
	91
	6
	59
	7
	55
	0
	72

	82
	-27
	127
	-18
	102
	-21
	110
	-18
	103
	100
	-20
	127
	6
	69
	8
	61
	-4
	92

	83
	-21
	114
	-13
	93
	-18
	102
	-13
	90
	101
	-4
	56
	-1
	48
	-3
	53
	-6
	56

	84
	-30
	127
	-29
	127
	-36
	127
	-37
	127
	102
	-5
	82
	0
	68
	0
	68
	3
	68

	85
	-17
	123
	-7
	92
	0
	80
	11
	80
	103
	-7
	76
	-4
	69
	-7
	74
	-8
	71

	86
	-12
	115
	-5
	89
	-5
	89
	5
	76
	104
	-22
	125
	-8
	88
	-9
	88
	-13
	98

	87
	-16
	122
	-7
	96
	-7
	94
	2
	84
	
	
	
	
	
	
	
	
	


Table 9‑18-1 – Values of variables m and n for ctxIdx from 460 to 483
	ctxIdx
	I and SI 
slices
	Value of cabac_init_idc
	ctxIdx
	I and SI 
slices
	Value of cabac_init_idc

	
	
	0
	1
	2
	
	
	0
	1
	2

	
	m
	n
	m
	n
	m
	n
	m
	n
	
	m
	n
	m
	n
	m
	n
	m
	n

	460
	-17
	123
	-7
	92
	0
	80
	11
	80
	472
	-17
	123
	-7
	92
	0
	80
	11
	80

	461
	-12
	115
	-5
	89
	-5
	89
	5
	76
	473
	-12
	115
	-5
	89
	-5
	89
	5
	76

	462
	-16
	122
	-7
	96
	-7
	94
	2
	84
	474
	-16
	122
	-7
	96
	-7
	94
	2
	84

	463
	-11
	115
	-13
	108
	-4
	92
	5
	78
	475
	-11
	115
	-13
	108
	-4
	92
	5
	78

	464
	-12
	63
	-3
	46
	0
	39
	-6
	55
	476
	-12
	63
	-3
	46
	0
	39
	-6
	55

	465
	-2
	68
	-1
	65
	0
	65
	4
	61
	477
	-2
	68
	-1
	65
	0
	65
	4
	61

	466
	-15
	84
	-1
	57
	-15
	84
	-14
	83
	478
	-15
	84
	-1
	57
	-15
	84
	-14
	83

	467
	-13
	104
	-9
	93
	-35
	127
	-37
	127
	479
	-13
	104
	-9
	93
	-35
	127
	-37
	127

	468
	-3
	70
	-3
	74
	-2
	73
	-5
	79
	480
	-3
	70
	-3
	74
	-2
	73
	-5
	79

	469
	-8
	93
	-9
	92
	-12
	104
	-11
	104
	481
	-8
	93
	-9
	92
	-12
	104
	-11
	104

	470
	-10
	90
	-8
	87
	-9
	91
	-11
	91
	482
	-10
	90
	-8
	87
	-9
	91
	-11
	91

	471
	-30
	127
	-23
	126
	-31
	127
	-30
	127
	483
	-30
	127
	-23
	126
	-31
	127
	-30
	127


Table 9‑25 – Syntax elements and associated types of binarization, maxBinIdxCtx, and ctxIdxOffset

	Syntax element
	Type of binarization
	maxBinIdxCtx
	ctxIdxOffset

	mb_type
(SI slices only)
	prefix and suffix 
as specified in subclause 9.3.2.5
	prefix: 0
suffix: 6
	prefix: 0
suffix: 3

	mb_type (I slices only)
	as specified in subclause 9.3.2.5
	6
	3

	mb_skip_flag
(P, SP slices only)
	FL, cMax=1
	0
	11

	mb_type (P, SP slices only)
	prefix and suffix
as specified in subclause 9.3.2.5
	prefix: 2
suffix: 5
	prefix: 14
suffix: 17

	sub_mb_type
(P, SP slices only)
	as specified in subclause 9.3.2.5
	2
	21

	mb_skip_flag
(B slices only)
	FL, cMax=1
	0
	24

	mb_type (B slices only)
	prefix and suffix
as specified in subclause 9.3.2.5
	prefix: 3
suffix: 5
	prefix: 27
suffix: 32

	sub_mb_type (B slices only)
	as specified in subclause 9.3.2.5
	3
	36

	mvd_l0[ ][ ][ 0 ], mvd_l1[ ][ ][ 0 ]
	prefix and suffix as given by UEG3 
with signedValFlag=1, uCoff=9
	prefix: 4
suffix: na
	prefix: 40
suffix: na (uses DecodeBypass)

	mvd_l0[ ][ ][ 1 ], mvd_l1[ ][ ][ 1 ]
	
	prefix: 4
suffix: na
	prefix: 47
suffix: na (uses DecodeBypass)

	ref_idx_l0, ref_idx_l1
	U
	2
	54

	mb_qp_delta
	as specified in subclause 9.3.2.7
	2
	60

	intra_chroma_pred_mode
	TU, cMax=3
	1
	64 

	prev_intra4x4_pred_mode_flag,
prev_intra8x8_pred_mode_flag
	FL, cMax=1
	0
	68

	rem_intra4x4_pred_mode,
rem_intra8x8_pred_mode
	FL, cMax=7
	0
	69

	mb_field_decoding_flag
	FL, cMax=1
	0
	70

	coded_block_pattern
	prefix and suffix 
as specified in subclause 9.3.2.6
	prefix: 3
suffix: 1
	prefix: 73
suffix: 77

	coded_block_flag

(ctxBlockCat ( 5)
	FL, cMax=1
	0
	85

	significant_coeff_flag 
(frame coded blocks with ctxBlockCat < 5)
	FL, cMax=1
	0
	105

	last_significant_coeff_flag 
(frame coded blocks with ctxBlockCat < 5)
	FL, cMax=1
	0
	166

	coeff_abs_level_minus1 
(blocks with ctxBlockCat < 5)
	prefix and suffix as given by UEG0
with signedValFlag=0, uCoff=14
	prefix: 1
suffix: na
	prefix: 227
suffix: na, (uses DecodeBypass)

	coeff_sign_flag
	FL, cMax=1
	0
	na, (uses DecodeBypass)

	end_of_slice_flag
	FL, cMax=1
	0
	276

	significant_coeff_flag
(field coded blocks with ctxBlockCat < 5)
	FL, cMax=1
	0
	277

	last_significant_coeff_flag 
(field coded blocks with ctxBlockCat < 5)
	FL, cMax=1
	0
	338

	transform_size_8x8_flag
	FL, cMax=1
	0
	399

	significant_coeff_flag 
(frame coded blocks with ctxBlockCat  = =  5)
	FL, cMax=1
	0
	402

	last_significant_coeff_flag 
(frame coded blocks with ctxBlockCat  = =  5)
	FL, cMax=1
	0
	417

	coeff_abs_level_minus1 
(blocks with ctxBlockCat  = =  5)
	prefix and suffix as given by UEG0
with signedValFlag=0, uCoff=14
	prefix: 1
suffix: na
	prefix: 426
suffix: na, (uses DecodeBypass)

	significant_coeff_flag 
(field coded blocks with ctxBlockCat  = =  5)
	FL, cMax=1
	0
	436

	last_significant_coeff_flag 
(field coded blocks with ctxBlockCat  = =  5)
	FL, cMax=1
	0
	451

	coded_block_flag

(5 < ctxBlockCat ( 9)
	FL, cMax=1
	0
	460

	coded_block_flag

(9 < ctxBlockCat ( 13)
	FL, cMax=1
	0
	472

	significant_coeff_flag 
(5<frame coded blocks with ctxBlockCat <9 )
	FL, cMax=1
	0
	484

	significant_coeff_flag 
(9<frame coded blocks with ctxBlockCat <13 )
	FL, cMax=1
	0
	528

	last_significant_coeff_flag 
(5<frame coded blocks with ctxBlockCat < 9)
	FL, cMax=1
	0
	572

	last_significant_coeff_flag 
(9<frame coded blocks with ctxBlockCat < 13)
	FL, cMax=1
	0
	616

	coeff_abs_level_minus1 
(5<blocks with ctxBlockCat < 9)
	prefix and suffix as given by UEG0
with signedValFlag=0, uCoff=14
	prefix: 1
suffix: na
	prefix: 951
suffix: na, (uses DecodeBypass)

	coeff_abs_level_minus1 
(9<blocks with ctxBlockCat < 13)
	prefix and suffix as given by UEG0
with signedValFlag=0, uCoff=14
	prefix: 1
suffix: na
	prefix: 982
suffix: na, (uses DecodeBypass)

	significant_coeff_flag
(5<field coded blocks with ctxBlockCat < 9)
	FL, cMax=1
	0
	776

	significant_coeff_flag
(9<field coded blocks with ctxBlockCat < 13)
	FL, cMax=1
	0
	820

	last_significant_coeff_flag 
(5<field coded blocks with ctxBlockCat < 9)
	FL, cMax=1
	0
	864

	last_significant_coeff_flag 
(5<field coded blocks with ctxBlockCat < 13)
	FL, cMax=1
	0
	908

	significant_coeff_flag 
(frame coded blocks with ctxBlockCat  = =  9)
	FL, cMax=1
	0
	660

	significant_coeff_flag 
(frame coded blocks with ctxBlockCat  = =  13)
	FL, cMax=1
	0
	718

	last_significant_coeff_flag 
(frame coded blocks with ctxBlockCat  = =  9)
	FL, cMax=1
	0
	690

	last_significant_coeff_flag 
(frame coded blocks with ctxBlockCat  = =  5)
	FL, cMax=1
	0
	748

	coeff_abs_level_minus1 
(blocks with ctxBlockCat  = =  9)
	prefix and suffix as given by UEG0
with signedValFlag=0, uCoff=14
	prefix: 1
suffix: na
	prefix: 708
suffix: na, (uses DecodeBypass)

	coeff_abs_level_minus1 
(blocks with ctxBlockCat  = =  13)
	prefix and suffix as given by UEG0
with signedValFlag=0, uCoff=14
	prefix: 1
suffix: na
	prefix: 766
suffix: na, (uses DecodeBypass)

	significant_coeff_flag 
(field coded blocks with ctxBlockCat  = =  9)
	FL, cMax=1
	0
	675

	significant_coeff_flag 
(field coded blocks with ctxBlockCat  = =  13)
	FL, cMax=1
	0
	733

	last_significant_coeff_flag 
(field coded blocks with ctxBlockCat  = =  9)
	FL, cMax=1
	0
	699

	last_significant_coeff_flag 
(field coded blocks with ctxBlockCat  = =  13)
	FL, cMax=1
	0
	757


Table 9‑31 – 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 9‑33)

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

	coded_block_flag
	0
	4
	8
	12
	16
	na
	0
	4
	8
	na
	0
	4
	8
	na

	significant_coeff_flag
	0
	15
	29
	44
	47 
	0 
	0
	15
	29
	0 
	0
	15
	29
	0 

	last_significant_coeff_flag
	0
	15
	29
	44
	47
	0
	0
	15
	29
	0
	0
	15
	29
	0

	coeff_abs_level_minus1
	0 
	10
	20
	30
	39
	0
	0 
	10
	20
	0
	0 
	10
	20
	0


Table 9‑33 – Specification of ctxBlockCat for the different blocks

	Block description
	maxNumCoeff
	ctxBlockCat

	block of luma DC transform coefficient levels (i.e., list Intra16x16DCLevel as described in subclause 7.4.5.3)
	16
	0

	block of luma AC transform coefficient levels (i.e., list Intra16x16ACLevel[ i ] as described in subclause 7.4.5.3)
	15
	1

	block of 16 luma transform coefficient levels (i.e., list LumaLevel[ i ] as described in subclause 7.4.5.3)
	16
	2

	block of chroma DC transform coefficient levels when chroma_format_idc is equal to 1 or 2
	4 * NumC8x8
	3

	block of chroma AC transform coefficient levels when chroma_format_idc is equal to 1 or 2
	15
	4

	block of 64 luma transform coefficient levels (i.e., list LumaLevel8x8[ i ] as described in subclause 7.4.5.3)
	64
	5

	block of Cb DC transform coefficient levels when chroma_format_idc is equal to 3 (i.e., list Intra16x16CbDCLevel as described in subclause 7.4.5.3)
	16
	6

	block of Cb AC transform coefficient levels when chroma_fomrat_idc is equal to 3 (i.e., list Intra16x16CbACLevel[ i ] as described in subclause 7.4.5.3)
	15
	7

	block of 16 Cb transform coefficient levels when chroma_format_idc is equal to 3 (i.e., list CbLevel[ i ] as described in subclause 7.4.5.3)
	16
	8

	block of 64 Cb transform coefficient levels when chroma_format_idc is equal to 3 (i.e., list CbLevel8x8[ i ] as described in subclause 7.4.5.3)
	64
	9

	block of Cr DC transform coefficient levels when chroma_format_idc is equal to 3 (i.e., list Intra16x16CrDCLevel as described in subclause 7.4.5.3)
	16
	10

	block of Cr AC transform coefficient levels when chroma_fomrat_idc is equal to 3 (i.e., list Intra16x16CrACLevel[ i ] as described in subclause 7.4.5.3)
	15
	11

	block of 16 Cr transform coefficient levels when chroma_format_idc is equal to 3 (i.e., list CrLevel[ i ] as described in subclause 7.4.5.3)
	16
	12

	block of 64 Cr transform coefficient levels when chroma_fomrat_idc is equal to 3 (i.e., list CrLevel8x8[ i ] as described in subclause 7.4.5.3)
	64
	13


2.10 Lossless Intra residual DPCM process 

[Ed. Note: This section is provided by Yung-Lyul Lee.]
The lossless Intra residual DPCM is invoked when qpprime_y_zero_transform_bypass_flag is equal to 1, QP'Y is equal to 0, the macroblock mode is equal to intra mode (Intra_4x4, Intra_8x8, Intra_16x16) and the prediction mode is equal to the vertical or horizontal mode. Fig. 1 shows the block diagram of the lossless Intra residual DPCM.
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Fig.1. Block diagram of the lossless Intra residual DPCM
The method is applied after the horizontal and vertical prediction. If the INTRA prediction mode is equal to the vertical prediction mode, the vertical lossless intra residual DPCM is performed and the bitrates are calculated in rate-optimization in order to compare to the bitrates of other Intra prediction modes. On the other hand, the INTRA prediction mode is equal to the horizontal prediction mode, the horizontal lossless intra residual DPCM is performed and the bitrates are calculated in rate-optimization in order to compare to the bitrates of other Intra prediction modes. The lossless Intra residual DPCM has the same residual value as pixel-by-pixel DPCM prediction, which utilizes the prediction from the spatially nearest pixel. As an example of Intra4x4 prediction, the horizontal prediction is performed in Fig. 2 as follows:
r0 = p0-q0
r1 = p1-q0
r2 = p2-q0
r3 = p3-q0                                                                         





 (1)
Then, horizontal lossless intra residual DPCM is performed as follows:

r'0 = r0       
r’1 = r1-r0   
r’2 = r2-r1  
r’3 = r3-r2                                                                               





 (2)
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Fig. 2. Boundary pixels and inside pixels for the 4x4 Intra prediction.

The decoder receives the r’0, r’1, r’2 and r’3 and the inverse horizontal lossless intra residual DPCM is performed before the horizontal prediction as follows:

r0 = r’0
r1 = r’0+r’1
r2 = r’0+r’1+r’2
r3 = r’0+r’1+r’2+r’3                                                                   




 (3)

And then, the horizontal prediction is performed.

By generalizing eq.(3), we obtain the original lossless samples in eq. (4) in the 1st row, as follows:
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 (4)

In the case of Intra 16x16 prediction and Intra 8x8 prediction, the horizontal and vertical residual DPCM is applied in the same way as Intra 4x4 case.

The vertical residual DPCM in the encoder and inverse vertical residual DPCM in the decoder are performed in the similar way to the horizontal residual DPCM and inverse horizontal residual DPCM.
3 Syntax and semantic changes

No new syntax element is added to the bitstreams above the residual data for the Advanced 4:4:4 profiles. The major syntax change occurs in the coding of the residual data where the luma data syntax has been repeated three times for luma, Cb, and Cr. However, there are some semantic changes to some of the syntax elements in the picture parameter set and the Macroblock layer syntax. See the draft amendment for the Advanced 4:4:4 profiles for the detailed syntax and semantic changes.

4 Encoder changes

The following is a list of the necessary changes to the encoder for the Advanced 4:4:4 profiles.

· Two new profile_idc values need to be created for Adavned 4:4:4 profiles. (Perhaps, profile_idc = = 166 for Advanced Intra-Only; profile_idc = = 188 for Advanced 4:4:4)

· The sub-block partition indicated by mb_type will be applied to all of the three source components. In general, each 16x16 block of Cb and Cr samples will be processed/compressed in a similar way as a luma 16x16 block.

· For the Intra macroblocks, a common spatial predictor mode is chosen for all three channels and is encoded in the bitstream. Consequently, the chosen predictor will be used in the process of creating prediction samples for every component.

· For the inter macroblocks, the luma motion vectors along with the interpolation filters for deriving the luma prediction samples at the fractional pixel locations will also be used by Cb and Cr. 

· Only one 4 bit field of coded_block_pattern for each macroblock  is coded for all three channels for the Intra_4x4 and Intra_8x8 macroblock types. 

· The luma deblocking process will also be used by Cb and Cr.

· The same luma macroblock data structure will be repeated twice for Cb and Cr.

· The Cb and Cr residue transform coefficients are encoded using exactly the same method as luma. In the CABAC case, this is done by adding additional contexts for the syntax elements codec_block_flag, significant_coeff_flag[], last_significant_coeff_flag[], and coeff_abs_level_minus1[], to the specification for Cb and Cr. The initialization values of these new contexts are identical to those used for luma with the same categories. These new contexts are used in the same way as their counterparts for luma currently.

· The lossless Intra residual DPCM is invoked when qpprime_y_zero_transform_bypass_flag is equal to 1, QP'Y is equal to 0, the macroblock mode is equal to intra mode (Intra_4x4, Intra_8x8, Intra_16x16) and the prediction mode is equal to the vertical or horizontal mode. The method is applied after the horizontal and vertical prediction. (by Yung-Lyul) EDNOTE
5 Decoder changes

See the draft amendment for the Advanced 4:4:4 profiles. 
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