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Abstract

This contribution presents a simplified luma context set for coeff_abs_level_greater1_flag and coeff_abs_level_greater2_flag to remove some contexts used in level coding. A total of 56 contexts are used for level coding in current software, 32 for coeff_abs_level_greater1_flag and 24 for coeff_abs_level_greater2_flag. With simplified context set proposed in this contribution, 14 contexts can be removed with negligible performance change in BD-rate in common test condition (0.0% in all configurations).
1 Introduction

Current software HM5.0 supports two different context sets, each for luma and chroma (Table I) [1]. Luma context set specifies six conditions while chroma specifies only two conditions. Therefore the number of context used in chroma is much less than luma. To reduce the number of contexts used in level coding we propose to simplify luma context set as shown in Table II. With this modification, the new context set is much more consistent with current chroma context set. The number of context in HM5.0 and proposed one is compared in Table III
Table I. Context set and context for level coding in HM5.0
	Context Set_Luma (previous subset)
	
	Context Set_Chroma (previous subset)

	0
	Sub-set 0
	0 LargerT1 in previous sub-set
	
	0
	no LargerT1 in previous sub-set

	1
	
	1-3 LargerT1 in previous sub-set
	
	1
	at least 1 LargerT1 in previous sub-set

	2
	
	>3 LargerT1 in previous sub-set
	

	3
	Other     sub-sets
	0 LargerT1 in previous sub-set
	

	4
	
	1-3 LargerT1 in previous sub-set
	

	5
	
	>3 LargerT1 in previous sub-set
	


	
	Model bin 1 (current subset)
	
	Model bin 2 (current subset)

	
	0
	1 or more larger than 1
	
	0
	Initial - no larger than one

	
	1
	Initial - no trailing ones
	
	1
	1 LargerT1

	
	2
	1 trailing one
	
	2
	2 or more LargerT1 

	
	3
	2 or more trailing ones
	


Table II. Simplified context set for level coding
	Context Set_Luma (previous subset)
	
	Context Set_Chroma (previous subset)

	0
	Sub-set 0
	no LargerT1 in previous sub-set
	
	0
	no LargerT1 in previous sub-set

	1
	
	at least 1 LargerT1 in previous sub-set
	
	1
	at least 1 LargerT1 in previous sub-set

	2
	Other  sub-sets
	no LargerT1 in previous sub-set
	

	3
	
	at least 1 LargerT1 in previous sub-set
	


Table III. Number of context for level coding
	
	HM5.0
	Proposed

	
	Luma
	Chroma
	Luma
	Chroma

	coeff_abs_level_greater1_flag
	24
	8
	16
	8

	coeff_abs_leve2_greater1_flag
	18
	6
	12
	6


2 Results

The test with the new context was implemented on top of HM5.0 s/w under common test condition described in JCTVC-G1200 [2] as well as LowQP and RDOQoff conditions. Summarized results are given in following tables.

Table IV. Test results in HM5.0 under common test condition
	　 
	All Intra HE
	Random Access HE
	Low delay B HE
	Random Access HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A 
	0.1
	0.1
	0.1
	0.0
	0.0
	-0.1
	
	
	
	0.0
	0.2
	-0.2

	Class B 
	0.0
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.2
	0.1
	0.1
	-0.1

	Class C 
	0.0
	0.0
	0.0
	0.0
	-0.1
	0.1
	0.0
	-0.1
	0.2
	
	
	

	Class D 
	0.0
	0.0
	0.0
	0.0
	-0.4
	-0.2
	0.0
	0.1
	-0.1
	
	
	

	Class E 
	0.0
	0.0
	0.1
	
	
	
	0.0
	0.5
	-0.1
	
	
	

	Overall 
	0.0
	0.0
	0.0
	0.0
	-0.2
	0.0
	0.0
	0.1
	0.0
	0.0
	0.1
	-0.1

	Enc Time 
	100%
	100%
	100%
	100%

	Dec Time 
	100%
	100%
	99%
	102%

	　 
	All Intra LC
	Random Access LC
	Low delay B LC
	

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	
	
	

	Class A 
	0.0
	0.1
	0.1
	0.0
	0.1
	0.0
	
	
	
	
	
	

	Class B 
	0.0
	0.1
	0.1
	0.0
	0.2
	0.2
	0.0
	-0.3
	0.0
	
	
	

	Class C 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	
	
	

	Class D 
	0.0
	0.0
	0.0
	0.0
	0.5
	-0.2
	0.0
	0.7
	-0.1
	
	
	

	Class E 
	0.0
	0.1
	0.0
	
	
	
	-0.1
	-0.6
	-1.5
	
	
	

	Overall 
	0.0
	0.0
	0.0
	0.0
	0.2
	0.0
	0.0
	0.0
	-0.3
	
	
	

	Enc Time 
	99%
	100%
	100%
	

	Dec Time 
	100%
	100%
	100%
	

	Table V. Low QP test results in HM5.0
　 
	All Intra HE
	Random Access HE
	Low delay B HE
	Random Access HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A 
	0.1
	0.1
	0.1
	0.1
	0.0
	0.1
	
	
	
	0.1
	0.1
	0.0

	Class B 
	0.1
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0

	Class C 
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	-0.1
	0.1
	
	
	

	Class D 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	
	
	

	Class E 
	0.1
	0.1
	0.1
	
	
	
	0.0
	0.1
	-0.2
	
	
	

	Overall 
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.1
	0.0

	Enc Time 
	100%
	101%
	101%
	100%

	Dec Time 
	100%
	101%
	101%
	102%

	　 
	All Intra LC
	Random Access LC
	Low delay B LC
	

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	
	
	

	Class A 
	0.0
	0.1
	0.1
	0.0
	0.0
	0.0
	
	
	
	
	
	

	Class B 
	0.1
	0.1
	0.1
	0.0
	0.0
	0.1
	0.0
	0.0
	0.1
	
	
	

	Class C 
	0.0
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	
	
	

	Class D 
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.1
	0.0
	
	
	

	Class E 
	0.1
	0.1
	0.1
	
	
	
	0.0
	-0.8
	-0.2
	
	
	

	Overall 
	0.0
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	-0.1
	0.0
	
	
	

	Enc Time 
	100%
	100%
	100%
	

	Dec Time 
	100%
	101%
	100%
	


	Table VI. RDOQoff test results in HM5.0
　 
	All Intra HE
	Random Access HE
	Low delay B HE
	Random Access HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A 
	0.0
	0.1
	0.0
	0.0
	0.0
	0.1
	
	
	
	0.0
	0.2
	0.0

	Class B 
	0.0
	0.1
	0.0
	0.0
	0.1
	0.0
	0.0
	0.1
	-0.1
	0.0
	0.0
	-0.1

	Class C 
	0.0
	0.0
	0.0
	0.0
	0.0
	-0.2
	0.0
	-0.1
	0.1
	
	
	

	Class D 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	-0.1
	-0.1
	0.0
	
	
	

	Class E 
	0.0
	0.1
	0.0
	
	
	
	0.1
	0.0
	-0.7
	
	
	

	Overall 
	0.0
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	-0.2
	0.0
	0.1
	-0.1

	Enc Time 
	100%
	100%
	100%
	100%

	Dec Time 
	100%
	100%
	100%
	101%

	　 
	All Intra LC
	Random Access LC
	Low delay B LC
	

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	
	
	

	Class A 
	0.0
	0.1
	0.1
	0.0
	0.1
	0.0
	
	
	
	
	
	

	Class B 
	0.0
	0.1
	0.1
	0.0
	0.2
	0.2
	0.0
	-0.3
	0.0
	
	
	

	Class C 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	
	
	

	Class D 
	0.0
	0.0
	0.0
	0.0
	0.5
	-0.2
	0.0
	0.7
	-0.1
	
	
	

	Class E 
	0.0
	0.1
	0.0
	
	
	
	-0.1
	-0.6
	-1.5
	
	
	

	Overall 
	0.0
	0.0
	0.0
	0.0
	0.2
	0.0
	0.0
	0.0
	-0.3
	
	
	

	Enc Time 
	99%
	100%
	100%
	

	Dec Time 
	100%
	99%
	99%
	


3 Conclusions
This document presented a simplified context set for luma to reduce the number of contexts used in level coding. According to the results, no performance drop is observed even 25% of contexts for level coding has been removed. We recommend the new context set to be adopted as a part of the next HM.
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6 Text for Working Draft
9.2.3.1.1.6 Derivation process of ctxIdxInc for the syntax element coeff_abs_level_greater1_flag

Inputs to this process are the color component index cIdx, the 16 coefficient subset index i and the current coefficient scan index n within the current subset.

Output of this process is ctxIdxInc.

The variable ctxSet specifies the current context set and for its derivation the following applies.

· If n is equal to 15 or all previous syntax elements coeff_abs_level_greater1_flag[ pos ] with pos greater than n are derived to be equal to 0 instead of being explicitly parsed, the following applies.

· The variable ctxSet is initialized as follows.

· If the current subset index i is equal to 0 or cIdx is greater than 0, the following applies.

ctxSet  =  0

(9‑66)

· Otherwise (i is greater than 0 and cIdx is equal to 0), the following applies.

ctxSet  =  2

(9‑67)
· When the subset i is not the first one to be processed in this subclause, the following applies.

· The variable numGreater1 is set equal to the variable numGreater1 that has been derived during the last invocation of subclause 9.3.3.1.1.6 for the syntax element coeff_abs_level_greater2_flag for the subset i + 1.

· When ( numGreater1  >>  1 ) is greater than 0, ctxSet is incremented by one as follows.

ctxSet  =  ctxSet  +  1

(9‑68)
· 


(9‑69)
· The variable greater1Ctx is set equal to 1.

· Otherwise (coeff_abs_level_greater1_flag[ n ] is not the first to be parsed within the current subset i),.for the derivation of ctxSet and greater1Ctx the following applies.

· The variable ctxSet is set equal to the variable ctxSet that has been derived during the last invocation of this subclause.

· The variable greater1Ctx is set equal to the variable greater1Ctx that has been derived during the last invocation of this subclause. 

· When greater1Ctx is greater than 0, the variable lastGreater1Flag is set equal to the syntax element coeff_abs_level_greater1_flag that has been used during the last invocation of this subclause and greater1Ctx is modifed as follows.

· If lastGreater1Flag is equal to 1, greater1Ctx is set equal to 0.

· Otherwise (lastGreater1Flag is equal to 0), greater1Ctx is incremented by 1.

The context index increment ctxIdxInc is derived using the current context set ctxSet and the current context greater1Ctx as follows.

ctxIdxInc  =  ( ctxSet  *  4 )  +  Min( 3, greater1Ctx )
(9‑70)

When cIdx is greater than 0, ctxIdxInc is modified as follows.

ctxIdxInc =  ctxIdxInc  +  16

(9‑71)
9.2.3.1.1.7 Derivation process of ctxIdxInc for the syntax element coeff_abs_level_greater2_flag

Inputs to this process are the color component index cIdx, the 16 coeffcient subset index i and the current coefficient scan index n within the current subset.

Output of this process is ctxIdxInc.

The variable ctxSet specifies the current context set and for its derivation the following applies.

· If n is equal to 15 or all previous syntex elements coeff_abs_level_greater2_flag[ pos ] with pos greater than n are derived to be equal to 0 instead of being explicitly parsed, the following applies.

· The variable ctxSet is initialized as follows.

· If the current subset index i is equal to 0 or cIdx is greater than 0, the following applies.

ctxSet  =  0

(9‑72)

· Otherwise (i is greater than 0 and cIdx is equal to 0), the following applies.

ctxSet  =  2

(9‑73)
· The variable numGreater1 is set equal to 0.

· When the subset i is not the first one to be processed in this subclause, the following applies.

· The variable numGreater1 is set equal to the variable numGreater1 that has been derived during the last invocation of this subclause for the subset i + 1 and is modifed as follows.

numGreater1  =  numGreater1  >>  1

(9‑74)
· When numGreater1 is greater than 0, ctxSet is incremented by one as follows.

ctxSet  =  ctxSet  +  1

(9‑75)
· 


(9‑76)
· The variable greater2Ctx is set equal to 0.

· Otherwise (coeff_abs_level_greater2_flag[ n ] is not the first to be parsed within the current subset i), for the derivation of ctxSet and greater2Ctx the following applies.

· The variable ctxSet is set equal to the variable ctxSet that has been derived during the last invocation of this subclause.

· The variable greater2Ctx is set equal to the variable greater2Ctx that has been derived during the last invocation of this subclause incremented by 1. 

· The variable numGreater1 is set equal to the variable numGreater1 that has been derived during the last invocation of this subclause incremented by 1. 

The context index increment ctxIdxInc is derived using the current context set ctxSet and the current context greater2Ctx as follows.

ctxIdxInc  =  ( ctxSet  *  3 )  +  Min( 2, greater2Ctx )
(9‑77)

When cIdx is greater than 0, ctxIdxInc is modified as follows.

ctxIdxInc =  ctxIdxInc  +  12

(9‑78)
Table 9‑7 – Association of ctxIdx and syntax elements for each slice type in the initialisation process

	residual_coding()
	last_significant_coeff_x_prefix
	Table 9‑40
	0..29
	30..59
	60..89

	
	last_significant_coeff_y_prefix
	Table 9‑26
	0..29
	30..59
	60..89

	
	significant_coeff_group_flag
	Table 9-26
	0..3
	4..7
	8..11

	
	significant_coeff_flag
	Table 9‑41
	0..47
	48..95
	96..143

	
	coeff_abs_level_greater1_flag
	Table 9‑44
	0..23
	24..47
	48..71

	
	coeff_abs_level_greater2_flag
	Table 9‑45
	0..17
	18..35
	36..53


Table 9‑29 – Values of variable initValue for coeff_abs_level_greater1_flag ctxIdx

	Initialisation variable
	coeff_abs_level_greater1_flag ctxIdx

	
	0
	1
	2
	3
	4
	5
	6
	7
	
	
	
	
	12
	13
	14
	15

	initValue
	104
	68
	116
	86
	104
	132
	86
	87
	
	
	
	
	102
	66
	114
	68

	
	16
	17
	18
	19
	
	
	
	
	24
	25
	26
	27
	28
	29
	30
	31

	initValue
	87
	84
	100
	101
	
	
	
	
	104130
	130
	147
	149
	104
	196
	100
	165

	
	32
	33
	34
	35
	36
	37
	38
	39
	
	
	
	
	44
	45
	46
	47

	initValue
	119
	179
	179
	164
	119
	85
	117
	149
	
	
	
	
	133
	98
	114
	115

	
	48
	49
	50
	51
	
	
	
	
	56
	57
	58
	59
	60
	61
	62
	63

	initValue
	118
	99
	115
	116
	
	
	
	
	135
	146
	147
	164
	119
	148
	116
	133

	
	64
	65
	66
	67
	68
	69
	70
	71
	
	
	
	
	76
	77
	78
	79

	initValue
	119
	179
	148
	164
	119
	85
	117
	149
	
	
	
	
	133
	98
	114
	115

	
	80
	81
	82
	83
	
	
	
	
	88
	89
	90
	91
	92
	93
	94
	95

	initValue
	118
	99
	115
	100
	
	
	
	
	135
	177
	147
	164
	119
	132
	148
	149


Table 9‑30 – Values of variable initValue for coeff_abs_level_greater2_flag ctxIdx

	Initialisation variable
	coeff_abs_level_greater2_flag ctxIdx

	
	0
	1
	2
	3
	4
	5
	
	
	
	9
	10
	11

	initValue
	86
	103
	73
	102
	103
	73
	
	
	
	115
	117
	103

	
	12
	13
	14
	
	
	
	18
	19
	20
	21
	22
	23

	initValue
	117
	118
	103
	
	
	
	101
	103
	104
	101
	167
	121

	
	24
	25
	26
	27
	28
	29
	
	
	
	33
	34
	35

	initValue
	84
	102
	88
	117
	118
	104
	
	
	
	83
	116
	118

	
	36
	37
	38
	
	
	
	42
	43
	44
	45
	46
	47

	initValue
	100
	117
	87
	
	
	
	84
	118
	120
	117
	150
	120

	
	48
	49
	50
	51
	52
	53
	
	
	
	57
	58
	59

	initValue
	84
	102
	88
	117
	118
	104
	
	
	
	83
	116
	118

	
	60
	61
	62
	
	
	
	66
	67
	68
	69
	70
	71

	initValue
	84
	117
	87
	
	
	
	84
	118
	120
	117
	150
	120


	Table 9‑31 – Syntax elements and associated types of binarization, maxBinIdxCtx, ctxIdxTable, and ctxIdxOffset

	Syntax element
	
	Type of binarization
	maxBinIdxCtx
	ctxIdxTable
	ctxIdxOffset

	coeff_abs_level_greater1_flag
	I
	FL, cMax = 1
	0
	Table 9‑44
	0

	
	P
	
	0
	Table 9‑44
	24

	
	B
	
	0
	Table 9‑44
	48

	coeff_abs_level_greater2_flag
	I
	FL, cMax = 1
	0
	Table 9‑45
	0

	
	P
	
	0
	Table 9‑45
	18

	
	B
	
	0
	Table 9‑45
	36
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