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Abstract
This contribution provides an analysis of the number of bits needed to encode various chroma QP mapping tables using the method provided in JVET-O0650. The set of tested mapping tables includes one that replicates the behaviour of CTC, but with an adjustment at low QP values such as to have equal luma and chroma QP values. Additionally, modifications to the encoding of syntax elements are proposed to reduce the number of bits typically needed to encode chroma QP mapping tables by about 20 to 40%.
Proposal
The coding method described in JVET-O0650 is modified in two ways such as to reduce the amount of bits typically required to encode a mapping table:
· Encoding of syntax elements is changed from ue(v) to uek(v)
· Encoding of delta_qp_out_val[ i ][ j ] is modified such that values x between 0 and m are encoded as m – x instead of x, where m is delta_qp_in_val_minus1[ i ][ j ] + 1

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		same_qp_table_for_chroma
	u(1)

		for( i = 0; i < same_qp_table_for_chroma ? 1 : 3; i++ ) {
	

			num_points_in_qp_table_minus1[ i ]
	uek(v)

			for( j = 0; j <= num_points_in_qp_table_minus1[ i ]; j++ ) {
	

				delta_qp_in_val_minus1[ i ][ j ]
	uek(v)

				delta_qp_out_val[ i ][ j ]
	uek(v)

			}
	

		}
	

		…
	

	}
	



same_qp_table_for_chroma equal to 1 specifies that only one chroma QP mapping table is signalled and applies to both Cb and Cr components and joint Cb-Cr coding. same_qp_table_for_chroma equal to 0 specifies that three chroma QP mapping tables are signalled in the SPS.
num_points_in_qp_table_minus1[ i ] plus 1 specifies the number of points used to describe the chroma QP mapping table. The value of num_points_in_qp_table_minus1[ i ] shall be in the range of 0 to 63 + QpBdOffsetC, inclusive. The order k of the exp-Golomb binarization uek(v) is 2.
delta_qp_in_val_minus1[ i ][ j ] plus 1 specifies a delta value used to derive the input coordinate of the j-th pivot point of the i-th chroma QP mapping table. The order k of the exp-Golomb binarization uek(v) is 3 for j = 0, and 2 otherwise.
delta_qp_out_val[ i ][ j ] specifies a delta value used to derive the output coordinate of the j-th pivot point of the i-th chroma QP mapping table. The order k of the exp-Golomb binarization uek(v) is 1.
The i-th chroma QP mapping tables ChromaQpTable[ i ] for i = 0..same_qp_table_for_chroma ? 0 : 2 are derived as follows:
qpInVal[ i ][ 0 ] = −QpBdOffsetC + delta_qp_in_val_minus1[ i ][ 0 ]
qpOutVal[ i ][ 0 ] = −QpBdOffsetC + delta_qp_out_val[ i ][ 0 ]
for( j = 01; j <= num_points_in_qp_table_minus1[ i ]; j++ ) {
	dx = delta_qp_in_val_minus1[ i ][ j ] + 1
	dy = delta_qp_out_val[ i ][ j ]
	qpInVal[ i ][ j ] = ( j == 0 ? −QpBdOffsetC − 1 : qpInVal[ i ][ j – 1 ] ) + dx
	qpOutVal[ i ][ j ] = ( j == 0 ? −QpBdOffsetC : qpOutVal[ i ][ j – 1 ] ) + ( dy <= dx ? dx − dy : dy )
}

ChromaQpTable[ i ][ qpInVal[ i ][ 0 ] ] = qpOutVal[ i ][ 0 ]
for( k = qpInVal[ i ][ 0 ] − 1; k >= −QpBdOffsetC; k − − )
	ChromaQpTable[ i ][ k ] = Clip3( −QpBdOffsetC, 63, ChromaQpTable[ i ][ k + 1 ] − 1 )

for( j = 0 ; j < num_points_in_qp_table_minus1[ i ]; j++ ) {
	for( k = qpInVal[ j ] + 1, m = 1; k <= qpInVal[ j + 1 ]; k++, m++ ) {
		num = qpOutVal[ j + 1 ] − qpOutVal[ j ]
		den = qpInVal[ j + 1 ] − qpInVal[ j ]
		ChromaQpTable[ i ][ k ] = qpOutVal[ j ] + ( num * m + ( den >> 1 ) ) / den
	}
}

for( k = qpInVal[ i ][ num_points_in_qp_table_minus1[ i ] ] + 1; k <= 63; k++ )
	ChromaQpTable[ i ][ k ] = Clip3( −QpBdOffsetC, 63, ChromaQpTable[ i ][ k − 1 ] + 1 )
When same_qp_table_for_chroma is equal to 1, ChromaQpTable[ 1 ][ k ] and ChromaQpTable[ 2 ][ k ] are set equal to ChromaQpTable[ 0 ][ k ] for k = −QpBdOffsetC..63.
It is a requirement of bitstream conformance that the values of qpInVal[ i ][ j ] and qpOutval[ i ][ j ] shall be in the range of −QpBdOffsetC to 63, inclusive for i = 0..same_qp_table_for_chroma ? 0 : 2 and j = 0..num_points_in_qp_table_minus1[ i ].
Results
Several chroma QP mapping tables are encoded. Tables were converted to piecewise representations in an automated way. A version of the VTM table is provided that includes a correction for low QP values such that QPY = QPC at low (< 16) QP numbers. It should be noted that the chroma QP offset signaled in the PPS under CTC is incorporated into the mapping, since it is proposed to have the chroma QP offsets apply after mapping instead of before. The resulting mapping table has the following entries:
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 29, 30, 31,
32, 33, 33, 34, 34, 35, 35, 36, 36, 37, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58
The bit counts in the tables below exclude a bit for same_qp_table_for_chroma. 

	Table
	Pivot points
	Bit count


	VTM
	(25, 25), (33, 32), (43, 37)
	29

	JVET-O0186
	(32, 32), (44, 41)
	22

	JVET-N0221 (709 Cr)
	(20, 20), (30, 22), (33, 22), (36, 24), (46, 33), (55, 37)
	52

	JVET-O0433 (HLG)
	(24, 24), (34, 33), (45, 37), (60, 49), (61, 50), (63, 51)
	54

	VTM with correction for low QP and
inclusion of chroma offset from CTC
	(7, 7), (24, 25), (32, 32), (42, 37)
	40


Bit counts for the JVET-O0650 coding method are also given below. It should be noted that the pivot points may be slightly different as they are optimized for each coding method. It should also be noted that the bit counts reported here are substantially lower than those reported in JVET-O1126.

	Table
	Pivot points
	Bit count


	VTM
	(26, 26), (33, 32), (43, 37)
	43

	JVET-O0186
	(32, 32), (44, 41)
	39

	JVET-N0221 (709 Cr)
	(20, 20), (30, 22), (33, 22), (36, 24), (46, 33), (55, 37)
	69

	JVET-O0433 (HLG)
	(29, 29), (30, 29), (34, 33), (45, 37), (60, 49), (62, 51), (63, 51)
	69



Detailed bit counts
The following tables contain detailed bit counts for the proposed method.

	Pivot in
	-1
	25
	33
	43
	 
	 
	 

	Pivot out
	-10
	25
	32
	37
	 
	 
	 

	num_points_in_qp_table_minus1
	2
	 
	 
	 
	 
	 
	 

	delta_qp_in_val_minus1
	 
	25
	7
	9
	
	
	 

	delta_qp_out_val
	 
	10
	1
	5
	 
	 
	 

	bits(num_points_in_qp_table_minus1)
	3
	 
	 
	 
	 
	 
	 

	bits(delta_qp_in_val_minus1)
	18
	8
	5
	5
	
	
	 

	bits(delta_qp_out_val)
	8
	2
	2
	4
	 
	 
	 

	Total bits
	29
	 
	 
	 
	 
	 
	 



	Pivot in
	-1
	32
	44
	 
	 
	 
	 

	Pivot out
	0-1
	32
	41
	 
	 
	 
	 

	num_points_in_qp_table_minus1
	1
	 
	 
	 
	 
	 
	 

	delta_qp_in_val_minus1
	 
	32
	11
	
	
	
	 

	delta_qp_out_val
	 
	10
	3
	 
	 
	 
	 

	bits(num_points_in_qp_table_minus1)
	3
	 
	 
	 
	 
	 
	 

	bits(delta_qp_in_val_minus1)
	13
	8
	5
	
	
	
	 

	bits(delta_qp_out_val)
	6
	2
	4
	 
	 
	 
	 

	Total bits
	22
	 
	 
	 
	 
	 
	 



	Pivot in
	-1
	20
	30
	33
	36
	46
	55

	Pivot out
	0-1
	20
	22
	22
	24
	33
	37

	num_points_in_qp_table_minus1
	5
	 
	 
	 
	 
	 
	 

	delta_qp_in_val_minus1
	 
	20
	9
	2
	2
	9
	8

	delta_qp_out_val
	 
	10
	8
	3
	1
	1
	5

	bits(num_points_in_qp_table_minus1)
	5
	 
	 
	 
	 
	 
	 

	bits(delta_qp_in_val_minus1)
	27
	6
	5
	3
	3
	5
	5

	bits(delta_qp_out_val)
	20
	2
	6
	4
	2
	2
	4

	Total bits
	52
	 
	 
	 
	 
	 
	 



	Pivot in
	-1
	24
	34
	45
	60
	61
	63

	Pivot out
	0-1
	24
	33
	37
	49
	50
	51

	num_points_in_qp_table_minus1
	5
	 
	 
	 
	 
	 
	 

	delta_qp_in_val_minus1
	 
	24
	9
	10
	14
	0
	1

	delta_qp_out_val
	 
	10
	1
	7
	3
	0
	1

	bits(num_points_in_qp_table_minus1)
	5
	 
	 
	 
	 
	 
	 

	bits(delta_qp_in_val_minus1)
	31
	8
	5
	5
	7
	3
	3

	bits(delta_qp_out_val)
	18
	2
	2
	6
	4
	2
	2

	Total bits
	54
	 
	 
	 
	 
	 
	 



	Pivot in
	-1
	7
	24
	32
	42
	 
	 

	Pivot out
	0-1
	7
	25
	32
	37
	 
	 

	num_points_in_qp_table_minus1
	3
	 
	 
	 
	 
	 
	 

	delta_qp_in_val_minus1
	 
	7
	16
	7
	9
	
	 

	delta_qp_out_val
	 
	10
	18
	1
	5
	 
	 

	bits(num_points_in_qp_table_minus1)
	3
	 
	 
	 
	 
	 
	 

	bits(delta_qp_in_val_minus1)
	21
	4
	7
	5
	5
	
	 

	bits(delta_qp_out_val)
	16
	2
	8
	2
	4
	 
	 

	Total bits
	40
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