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Abstract
This contribution proposes to support dependent quantization with 8 quantization states in addition to the current variant of dependent quantization with 4 quantization states.  It is asserted that the implementation complexity for the decoder is virtually not increased.  Reportedly, both variants of dependent quantization (4 and 8 states) can be implemented using a single unified decoding process; only the state transition table used depends on the variant chosen.  Alternatively, both variants of dependent quantization could be implemented using a single state transition table of 12 states, in which case only the initial state for a transform block depends on the variant of dependent quantization selected.
The following average results are reported for dependent quantization with 8 states relative to VTM-7 (dependent quantization with 4 states) under common test conditions:
	AI:		–0.43%,   0.07%,   0.14%  (Y, Cb, Cr)  at 111% encoding time and   99% decoding time;
	RA:	–0.34%,   0.05%,   0.25%  (Y, Cb, Cr)  at 106% encoding time and   98% decoding time;
	LB:		–0.40%,   0.21%,   0.13%  (Y, Cb, Cr)  at 104% encoding time and 100% decoding time;
	LP:		–0.37%,   0.16%, –0.02%  (Y, Cb, Cr)  at 106% encoding time and   95% decoding time.
For the low QP test conditions (QPs 2, 7, 12, 17), the following results are reported:
	AI:		–0.38%, –0.34%, –0.35%  (Y, Cb, Cr)  at 120% encoding time and   97% decoding time;
	RA:	–0.72%, –0.96%, –1.30%  (Y, Cb, Cr)  at 115% encoding time and   97% decoding time;
	LB:		–0.78%, –0.30%, –0.22%  (Y, Cb, Cr)  at 115% encoding time and   95% decoding time;
	LP:		–0.70%, –0.23%, –0.18%  (Y, Cb, Cr)  at 117% encoding time and   96% decoding time.

Introduction
The current Working Draft VTM-7 [1] includes dependent quantization (also referred to as trellis-coded quantization) with 4 quantization states as optional mode for quantizing transform coefficients.  It is a well-known fact that the coding efficiency of trellis-coded quantization can be increased by increasing the number of quantization states (at the cost of a higher encoder complexity).
In order to provide encoders with the freedom to further increase the coding efficiency, we propose to support dependent quantization with 8 quantization states in addition to the current variant of dependent quantization with 4 quantization states.  The variant with 8 states is integrated in a way that the implementation complexity for decoders is virtually not increased.  The only aspect that depends on the variant of dependent quantization selected is the state transition table.  The remaining decoding process is the same for both variants of dependent quantization.  It is also possible to implement both versions using a single state transition table with 12 states, in which case only the selection of the initial quantization state for a transform block depends on the variant of dependent quantization selected.

Proposed Method
We propose to additionally support dependent quantization with 8 states for enabling encoders to further increase the coding efficiency.  The version of dependent quantization used is indicated in the picture header or the picture parameter set.  The decoding process is designed in a way that only the state transition table used depends on the selected variant of dependent quantization; all other aspects are the same for both versions of dependent quantization (4 states and 8 states).  Alternatively, decoder implementations can also use a unified state transition table with 12 states, in which case only the initial state for a transform block depends on the variant of dependent quantization selected.

[bookmark: _Ref28616553]Editorial change of WD text for current variant of dependent quantization
For pointing out that both variants of dependent quantization (4 and 8 states) can be supported by a unified decoding process, we suggest the following editorial modifications of the WD text.  It should be noted that the modified decoding process yields the same decoding result as the decoding process specified in the current Working Draft VTM-7 [1].
The only aspect that is modified is the labelling of the quantization states.  The meaning of quantization states 1 and 2 is swapped.  Consequently, the state transition table (eq. 191 in VTM-7) is modified from
		QStateTransTable[ ][ ] = { { 0, 2 }, { 2, 0 }, { 1, 3 }, { 3, 1 } }
to
		QStateTransTable[ ][ ] = { { 0, 1 }, { 2, 3 }, { 1, 0 }, { 3, 2 } }

There are three aspects that depend on the quantization state QState: (a) the mapping of transmitted transform coefficient levels to intermediate quantization indexes (part of the dequantization specified in the syntax); (b) the context selection for the sig_coeff_flag; (c) the derivation of the mapping parameter ZeroPos[ ] for transform coefficient levels coded in bypass mode.  All three aspects are re-written in order to reflect the swapping of quantization states:

(a) The mapping of transmitted transform coefficient levels to intermediate quantization indexes (see syntax structure resdiual_coding()) is modified from

	TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ] =
		( 2 * AbsLevel[ xC ][ yC ]  −  ( QState > 1 ? 1 : 0 ) ) * ( 1  −  2 * coeff_sign_flag[ n ] )

to

	TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ] =
		( 2 * AbsLevel[ xC ][ yC ]  −  ( QState & 1 ) ) * ( 1  −  2 * coeff_sign_flag[ n ] )


(b) The context selection of the sig_coeff_flag (see sec. 9.3.4.2.8 in VTM-7) depends on a parameter (context set id) that is derived based on the quantization state.  In VTM-7, this parameter (part of eqs. 1531 and 1532) is given by

		Max( 0, QState – 1 )

With the relabelling of the quantization states, this parameter can be derived according to

		ctxSetId[ QState & 3 ] with ctxSetId[ ] = { 0, 1, 0, 2 }

It should be noted that for the 4-state version, the result of (QState & 3) is equal to QState.  This masking is only required for the 8-state version of dependent quantization.

(c) The derivation of the mapping parameter ZeroPos[ ] for transform coefficient levels coded in bypass mode (eq. 1495 in VTM-7) is modified from

		ZeroPos[ n ] = ( QState < 2 ? 1 : 2 )  <<  cRiceParam

to

		ZeroPos[ n ] = ( 1 + ( QState & 1 ) )  <<  cRiceParam

The modified decoding process yields the same result as the decoding process specified in VTM-7 and is, this, a purely editorial modification.  The decoding complexity is not increased by implementing the decoding process in this way.

Additional support of dependent quantization with 8 states
We propose to support dependent quantization with 8 states in addition to the currently supported variant of dependent quantization with 4 states.
High-level syntax
The used variant of dependent quantization is indicated in the picture header or the picture parameter set (similar as in VTM-7).  For that purpose, the picture header syntax element pic_dep_quant_enabled_flag is replaced by the syntax element pic_dep_quant_enabled_idc, which is coded using 2 bits.  

	…
	

		if ( !pps_dep_quant_enabled_idc )
	

			pic_dep_quant_enabled_flag
	u(1)

			pic_dep_quant_enabled_idc
	u(2)

	…
	



For the PPS syntax element pps_dep_quant_enabled_idc only the semantics is extended.  The syntax elements pps_dep_quant_enabled_idc and pic_dep_quant_enabled_idc have the following semantics:
pps_dep_quant_enabled_idc equal to 0 specifies that the syntax element pic_dep_quant_enabled_idc is present in PHs referring to the PPS. pps_dep_quant_enabled_idc greater than 0 specifies that the syntax element pic_dep_quant_enabled_idc is not present in PHs referring to the PPS.
pic_dep_quant_enabled_idc equal to 0 specifies that dependent quantization is disabled for slices associated with the PH. pic_dep_quant_enabled_idc equal to 1 specifies that dependent quantization with 4 states is used in slices associated with the PH. pic_dep_quant_enabled_flag equal to 2 specifies that dependent quantization with 8 states is used in slices associated with the PH. pic_dep_quant_enabled_idc equal to 3 is reserved for future use by ITU-T | ISO/IEC. When not present, the value of pic_dep_quant_enabled_idc is infered to be equal to pps_dep_quant_enable_idc − 1.
[bookmark: _Ref28617156]Low-level syntax and decoding process
The low-level syntax is not modified.  With the editorial changes introduced in sec. 2.1, only the selection of the state transition table is modified as follows:
The array QStateTransTable[ ][ ] is specified as follows:
· If pic_dep_quant_enabled_idc is equal to 2, the following applies:
QStateTransTable[ ][ ] = { { 0, 2 }, { 5, 7 }, { 1, 3 }, { 6, 4 }, { 2, 0 }, { 4, 6 }, { 3, 1 }, { 7, 5 } }
· Otherwise (pic_dep_quant_enabled_idc is less than 2), the following applies:
QStateTransTable[ ][ ] = { { 0, 1 }, { 2, 3 }, { 1, 0 }, { 3, 2 } }
All other aspects remain the same.
[bookmark: _Ref28621186]Alternative implementation with a single state transition table
It is also possible to implement both versions of dependent quantization with a single combined state transition table with 12 states:
	QStateTransTable[ ][ ] = { 
			{ 0, 1 }, { 2, 3 }, { 1, 0 }, { 3, 2 }, 
			{ 4, 6 }, { 9, 11 }, { 5, 7 }, { 10, 8 }, { 6, 4 }, { 8, 10 }, { 7, 5 }, { 11, 9 }
	} 
Here, the first 4 states represent the state transition table for dependent quantization with 4 states and the remaining 8 states represent the state transition table for dependent quantiztaion with 8 states.
In such an implementation, the initial state for a transform block would depend on the selected variant of dependent quantization:

	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

	…
	

		QState = 0
	

		QState = ( pic_dep_quant_enabled_idc > 1 ? 4 : 0 )
	

	…
	


This alternative yields the same decoding result as the variant described in sec. 2.2.2.


Working Draft text and Software
Working Draft text (based on version 14 of JVET-P2001) is provided in an accompanying document.  The changes are marked with the editing id “DepQuant8States”.
Software with an additional support of dependent quantization (based on VTM-7.0) is attached to this document.  All changes are marked by the macro “OPTIONAL_DEP_QUANT_8STATES”.  In the encoder, dependent quantization with 8 states is selected by setting the configuration parameter DepQuant = 2.  As in VTM-7, DepQuant = 1 specifies dependent quantization with 4 states and DepQuant = 0 specifies the usage of conventional independent quantization.


Experimental Results
The proposal was implemented on top of VTM-7.0.  Dependent quantization with 8 states was evaluated for the following test conditions:
· Common test conditions for SDR [2];
· Low QP configuration (QPs 2, 7, 12, 17 and 100 frames) as used in various core experiments;
· Common test conditions for HDR [3].
The reported results were obtained without modifying the CABAC initialization tables and without any modification of Lagrange parameters in the encoder.
Detailed simulation results are provided in the accompanying Excel documents.
The average simulation results are summarized in the following tables:
· Table 1 compares dependent quantization with 8 states to VTM-7 (dependent quantization with 4 states) under common test conditions.
· Table 2 compares dependent quantization with 4 states in the new software with VTM-7.  The minor differences (average BD rates less than 0.01%) result from the fact that the rate-distortion costs are compared in a different order.  It can be noted that the additional implementation of dependent quantization with 8 states does not increase the encoder run time.
· Table 3 compares dependent quantization with 8 states to VTM-7 (dependent quantization with 4 states) under low QP test conditions.
· Table 4 compares dependent quantization with 8 states to VTM-7 (dependent quantization with 4 states) for HDR sequences under HDR test conditions.
It should be noted that the bit-rate savings are larger for high-resolution videos (classes A1, A2, and B).
Finally, Table 5 and Table 6 report the modification of the maximum and average bin-to-bit ratios (weighted and unweighted) for the common test conditions and the low QP conditions, respectively.  The average increase in bit-to-bit ratio for dependent quantization with 8 states in comparison to dependent quantization with 4 states is always less than 1%.

[bookmark: _Ref28622845]Table 1:  Results of proposed version of dependent quantization with 8 states over VTM-7.0 under common test conditions.
	
	All Intra Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.55%
	0.02%
	0.29%
	110%
	100%

	Class A2
	-0.72%
	0.01%
	-0.05%
	112%
	99%

	Class B
	-0.44%
	0.16%
	0.13%
	111%
	97%

	Class C
	-0.25%
	0.03%
	0.16%
	112%
	99%

	Class E
	-0.25%
	0.05%
	0.16%
	112%
	100%

	Overall 
	-0.43%
	0.07%
	0.14%
	111%
	99%

	Class D
	-0.26%
	0.07%
	-0.02%
	116%
	97%

	Class F
	-0.08%
	-0.07%
	0.14%
	109%
	102%

	
	
	
	
	
	

	
	Random access Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.30%
	0.08%
	0.38%
	102%
	99%

	Class A2
	-0.41%
	0.09%
	0.20%
	106%
	97%

	Class B
	-0.41%
	0.18%
	0.40%
	107%
	99%

	Class C
	-0.22%
	-0.16%
	0.01%
	108%
	97%

	Overall
	-0.34%
	0.05%
	0.25%
	106%
	98%

	Class D
	-0.20%
	0.07%
	0.21%
	110%
	102%

	Class F
	-0.15%
	0.01%
	0.05%
	108%
	99%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.53%
	-0.13%
	0.16%
	100%
	102%

	Class C
	-0.39%
	-0.20%
	0.04%
	109%
	96%

	Class E
	-0.21%
	1.34%
	0.20%
	104%
	100%

	Overall
	-0.40%
	0.21%
	0.13%
	104%
	100%

	Class D
	-0.41%
	0.01%
	-0.55%
	108%
	101%

	Class F
	-0.21%
	-0.50%
	1.08%
	106%
	99%

	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.49%
	0.22%
	-0.08%
	101%
	98%

	Class C
	-0.37%
	-0.17%
	-0.01%
	109%
	93%

	Class E
	-0.18%
	0.49%
	0.05%
	109%
	95%

	Overall
	-0.37%
	0.16%
	-0.02%
	106%
	95%

	Class D
	-0.39%
	-0.63%
	0.00%
	108%
	101%

	Class F
	-0.29%
	-0.16%
	0.29%
	107%
	98%



[bookmark: _Ref28622922]Table 2:  Results of proposed version of dependent quantization with 4 states over VTM-7.0 under common test conditions.
	
	All Intra Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class A2
	0.00%
	0.00%
	0.00%
	96%
	101%

	Class B
	0.00%
	0.00%
	-0.01%
	97%
	99%

	Class C
	0.00%
	0.00%
	0.00%
	98%
	96%

	Class E
	0.00%
	0.00%
	0.00%
	99%
	99%

	Overall 
	0.00%
	0.00%
	0.00%
	98%
	99%

	Class D
	0.00%
	0.00%
	0.00%
	98%
	97%

	Class F
	0.00%
	0.00%
	0.00%
	99%
	103%

	
	
	
	
	
	

	
	Random access Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	100%
	98%

	Class A2
	0.00%
	-0.01%
	0.00%
	102%
	98%

	Class B
	0.00%
	0.01%
	0.00%
	100%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	101%
	101%

	Overall
	0.00%
	0.00%
	0.00%
	101%
	99%

	Class D
	0.00%
	0.00%
	0.00%
	98%
	104%

	Class F
	0.00%
	0.00%
	0.00%
	99%
	103%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	0.00%
	-0.02%
	-0.03%
	99%
	99%

	Class C
	0.01%
	0.01%
	0.01%
	99%
	97%

	Class E
	0.00%
	0.00%
	0.00%
	99%
	100%

	Overall
	0.00%
	0.00%
	-0.01%
	99%
	99%

	Class D
	0.00%
	0.00%
	0.00%
	102%
	100%

	Class F
	0.00%
	0.02%
	0.05%
	100%
	100%

	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	0.01%
	0.00%
	-0.02%
	99%
	98%

	Class C
	0.00%
	-0.02%
	0.00%
	100%
	97%

	Class E
	0.00%
	0.00%
	0.00%
	102%
	99%

	Overall
	0.00%
	-0.01%
	-0.01%
	100%
	98%

	Class D
	0.00%
	0.00%
	0.00%
	102%
	105%

	Class F
	-0.02%
	0.00%
	0.00%
	101%
	98%



[bookmark: _Ref28623109]Table 3:  Results of proposed version of dependent quantization with 8 states over VTM-7.0 under low QP test conditions (QPs 2, 7, 12, 17 and 100 frames).
	
	All Intra Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.46%
	-0.41%
	-0.36%
	120%
	96%

	Class A2
	-0.46%
	-0.52%
	-0.54%
	124%
	97%

	Class B
	-0.44%
	-0.33%
	-0.35%
	122%
	97%

	Class C
	-0.17%
	-0.19%
	-0.18%
	120%
	99%

	Class E
	-0.40%
	-0.33%
	-0.34%
	111%
	97%

	Overall 
	-0.38%
	-0.34%
	-0.35%
	120%
	97%

	Class D
	-0.12%
	-0.07%
	-0.08%
	120%
	100%

	Class F
	-0.13%
	-0.12%
	-0.10%
	106%
	100%

	
	
	
	
	
	

	
	Random access Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.79%
	-0.26%
	-0.11%
	115%
	97%

	Class A2
	-0.70%
	-1.51%
	-1.29%
	117%
	97%

	Class B
	-0.74%
	-1.72%
	-2.98%
	114%
	97%

	Class C
	-0.66%
	-0.14%
	-0.10%
	115%
	98%

	Overall
	-0.72%
	-0.96%
	-1.30%
	115%
	97%

	Class D
	-0.56%
	0.15%
	0.13%
	117%
	97%

	Class F
	-0.26%
	-0.04%
	-0.02%
	112%
	97%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.73%
	-0.15%
	-0.09%
	117%
	96%

	Class C
	-0.68%
	-0.17%
	-0.11%
	115%
	94%

	Class E
	-0.99%
	-0.73%
	-0.57%
	113%
	92%

	Overall
	-0.78%
	-0.30%
	-0.22%
	115%
	95%

	Class D
	-0.58%
	0.11%
	0.00%
	114%
	92%

	Class F
	-0.43%
	-0.05%
	-0.07%
	111%
	96%

	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.71%
	-0.11%
	-0.07%
	118%
	98%

	Class C
	-0.59%
	-0.11%
	-0.04%
	118%
	96%

	Class E
	-0.84%
	-0.60%
	-0.54%
	115%
	92%

	Overall
	-0.70%
	-0.23%
	-0.18%
	117%
	96%

	Class D
	-0.52%
	0.08%
	0.01%
	117%
	90%

	Class F
	-0.32%
	0.05%
	0.10%
	111%
	95%



[bookmark: _Ref28623144]Table 4:  Results of proposed version of dependent quantization with 8 states over VTM-7.0 under HDR test conditions.
	
	All Intra

	
	Over VTM-7.0

	
	 
	
	wPSNR
	PSNR
	
	 

	
	DE100
	PSNR-L100
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class H1
	-0.01%
	-0.30%
	-0.34%
	0.32%
	0.30%
	-0.34%
	0.33%
	0.19%
	114%
	98%

	Class H2
	 
	 
	 
	 
	 
	-0.39%
	0.18%
	0.00%
	110%
	99%

	Overall 
	-0.01%
	-0.30%
	-0.34%
	0.32%
	0.30%
	-0.36%
	0.28%
	0.12%
	112%
	98%

	
	
	
	
	
	
	
	
	
	
	

	
	Random Access

	
	Over VTM-7.0

	
	 
	
	wPSNR
	PSNR
	
	 

	
	DE100
	PSNR-L100
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class H1
	-0.13%
	-0.37%
	-0.34%
	0.33%
	0.16%
	-0.33%
	0.17%
	0.19%
	107%
	98%

	Class H2
	 
	 
	 
	 
	 
	-0.39%
	0.13%
	-0.07%
	105%
	95%

	Overall
	-0.13%
	-0.37%
	-0.34%
	0.33%
	0.16%
	-0.35%
	0.15%
	0.10%
	106%
	97%




[bookmark: _Ref28623436]Table 5:  Bin-to-bit ratios for dependent quantization with 8 states over VTM-7.0 under common test conditions.
	
	All Intra Main10 

	
	weighted bin-to-bit ratio (1:0.25)
	unweighted bin-to-bit ratio

	
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio

	
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)

	Class A1
	1.19
	1.20
	0.43%
	1.20
	1.20
	0.43%
	1.43
	1.44
	0.32%
	1.44
	1.45
	0.37%

	Class A2
	1.19
	1.20
	0.76%
	1.19
	1.19
	0.65%
	1.43
	1.44
	0.65%
	1.43
	1.44
	0.56%

	Class B
	1.15
	1.15
	0.64%
	1.15
	1.16
	0.60%
	1.39
	1.40
	0.54%
	1.39
	1.40
	0.53%

	Class C
	1.08
	1.08
	0.11%
	1.07
	1.08
	0.40%
	1.34
	1.34
	0.05%
	1.32
	1.33
	0.31%

	Class E
	1.11
	1.12
	0.78%
	1.10
	1.10
	0.48%
	1.34
	1.35
	0.66%
	1.33
	1.34
	0.42%

	Overall 
	1.14
	1.15
	0.53%
	1.14
	1.14
	0.52%
	1.38
	1.39
	0.43%
	1.38
	1.39
	0.44%

	Class D
	1.05
	1.06
	0.43%
	1.05
	1.05
	0.54%
	1.32
	1.32
	0.35%
	1.31
	1.31
	0.44%

	Class F
	1.16
	1.16
	0.22%
	1.16
	1.16
	0.17%
	1.36
	1.36
	0.10%
	1.36
	1.37
	0.12%

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Random access Main10 

	
	weighted bin-to-bit ratio (1:0.25)
	unweighted bin-to-bit ratio

	
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio

	
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)

	Class A1
	1.19
	1.19
	0.38%
	1.23
	1.24
	0.68%
	1.44
	1.45
	0.34%
	1.46
	1.47
	0.60%

	Class A2
	1.18
	1.18
	0.64%
	1.23
	1.24
	0.90%
	1.43
	1.44
	0.54%
	1.46
	1.47
	0.81%

	Class B
	1.14
	1.15
	0.53%
	1.20
	1.21
	0.75%
	1.39
	1.39
	0.48%
	1.43
	1.44
	0.69%

	Class C
	1.05
	1.05
	0.24%
	1.11
	1.12
	0.49%
	1.32
	1.33
	0.13%
	1.34
	1.34
	0.41%

	Overall
	1.13
	1.14
	0.45%
	1.19
	1.20
	0.70%
	1.39
	1.40
	0.37%
	1.42
	1.42
	0.63%

	Class D
	1.02
	1.02
	0.69%
	1.08
	1.08
	0.45%
	1.30
	1.31
	0.43%
	1.31
	1.31
	0.39%

	Class F
	1.11
	1.11
	0.22%
	1.17
	1.17
	0.28%
	1.34
	1.34
	0.13%
	1.37
	1.37
	0.22%

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low delay B Main10 

	
	weighted bin-to-bit ratio (1:0.25)
	unweighted bin-to-bit ratio

	
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio

	
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)

	Class B
	1.23
	1.25
	1.08%
	1.26
	1.27
	1.12%
	1.49
	1.50
	0.99%
	1.48
	1.50
	1.08%

	Class C
	1.12
	1.12
	0.45%
	1.17
	1.18
	0.73%
	1.37
	1.37
	0.31%
	1.38
	1.39
	0.69%

	Class E
	1.12
	1.13
	0.50%
	1.27
	1.28
	0.96%
	1.35
	1.36
	0.47%
	1.47
	1.48
	0.98%

	Overall
	1.17
	1.17
	0.76%
	1.23
	1.24
	0.95%
	1.41
	1.42
	0.66%
	1.44
	1.46
	0.92%

	Class D
	1.06
	1.06
	0.38%
	1.15
	1.16
	0.64%
	1.31
	1.32
	0.25%
	1.35
	1.36
	0.62%

	Class F
	1.18
	1.19
	0.30%
	1.27
	1.28
	0.54%
	1.37
	1.38
	0.22%
	1.45
	1.46
	0.51%

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low delay P Main10 

	
	weighted bin-to-bit ratio (1:0.25)
	unweighted bin-to-bit ratio

	
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio

	
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)

	Class B
	1.23
	1.24
	1.04%
	1.25
	1.27
	1.05%
	1.48
	1.49
	0.98%
	1.48
	1.49
	1.02%

	Class C
	1.11
	1.12
	0.32%
	1.17
	1.18
	0.73%
	1.37
	1.37
	0.20%
	1.38
	1.39
	0.67%

	Class E
	1.12
	1.13
	0.50%
	1.26
	1.27
	1.01%
	1.35
	1.36
	0.47%
	1.46
	1.48
	1.02%

	Overall
	1.16
	1.17
	0.70%
	1.23
	1.24
	0.93%
	1.41
	1.42
	0.62%
	1.44
	1.45
	0.90%

	Class D
	1.06
	1.06
	0.38%
	1.15
	1.16
	0.64%
	1.31
	1.32
	0.25%
	1.35
	1.36
	0.61%

	Class F
	1.18
	1.19
	0.30%
	1.26
	1.26
	0.41%
	1.37
	1.38
	0.22%
	1.44
	1.44
	0.41%




[bookmark: _Ref28623445]Table 6:  Bin-to-bit ratios for dependent quantization with 8 states over VTM-7.0 under low QP test conditions.
	
	All Intra Main10 

	
	weighted bin-to-bit ratio (1:0.25)
	unweighted bin-to-bit ratio

	
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio

	
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)

	Class A1
	1.02
	1.02
	0.10%
	1.02
	1.02
	0.12%
	1.38
	1.38
	0.08%
	1.38
	1.38
	0.12%

	Class A2
	0.90
	0.90
	-0.27%
	0.91
	0.90
	-0.28%
	1.30
	1.30
	-0.23%
	1.30
	1.30
	-0.24%

	Class B
	0.93
	0.93
	-0.10%
	0.94
	0.94
	-0.04%
	1.29
	1.29
	-0.10%
	1.30
	1.30
	-0.06%

	Class C
	0.83
	0.82
	-0.10%
	0.83
	0.83
	-0.14%
	1.25
	1.24
	-0.20%
	1.25
	1.25
	-0.21%

	Class E
	1.00
	1.01
	0.03%
	1.01
	1.01
	-0.05%
	1.34
	1.34
	0.06%
	1.34
	1.34
	-0.05%

	Overall 
	0.93
	0.93
	-0.05%
	0.94
	0.94
	-0.05%
	1.31
	1.31
	-0.07%
	1.31
	1.31
	-0.07%

	Class D
	0.80
	0.80
	-0.13%
	0.81
	0.81
	-0.21%
	1.22
	1.22
	-0.23%
	1.23
	1.22
	-0.24%

	Class F
	0.95
	0.95
	-0.01%
	0.93
	0.93
	-0.02%
	1.28
	1.28
	-0.09%
	1.27
	1.26
	-0.10%

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Random access Main10 

	
	weighted bin-to-bit ratio (1:0.25)
	unweighted bin-to-bit ratio

	
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio

	
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)

	Class A1
	0.96
	0.96
	0.00%
	1.15
	1.16
	0.58%
	1.33
	1.33
	0.04%
	1.47
	1.48
	0.54%

	Class A2
	0.84
	0.84
	-0.32%
	1.10
	1.10
	0.31%
	1.26
	1.26
	-0.27%
	1.44
	1.45
	0.24%

	Class B
	0.88
	0.87
	-0.17%
	1.12
	1.12
	0.44%
	1.26
	1.26
	-0.17%
	1.42
	1.43
	0.35%

	Class C
	0.77
	0.77
	-0.28%
	1.04
	1.05
	0.25%
	1.22
	1.22
	-0.31%
	1.38
	1.38
	0.16%

	Overall
	0.86
	0.86
	-0.19%
	1.10
	1.11
	0.40%
	1.26
	1.26
	-0.18%
	1.43
	1.43
	0.32%

	Class D
	0.75
	0.75
	-0.27%
	1.02
	1.02
	0.16%
	1.20
	1.20
	-0.28%
	1.35
	1.35
	0.09%

	Class F
	0.89
	0.90
	0.03%
	1.02
	1.02
	0.21%
	1.25
	1.25
	-0.04%
	1.31
	1.31
	0.16%

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low delay B Main10 

	
	weighted bin-to-bit ratio (1:0.25)
	unweighted bin-to-bit ratio

	
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio

	
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)

	Class B
	0.94
	0.93
	-0.08%
	1.12
	1.12
	0.43%
	1.29
	1.29
	-0.10%
	1.42
	1.43
	0.34%

	Class C
	0.82
	0.81
	-0.16%
	1.06
	1.06
	0.26%
	1.24
	1.24
	-0.24%
	1.39
	1.40
	0.15%

	Class E
	1.01
	1.01
	0.03%
	1.25
	1.26
	0.72%
	1.34
	1.34
	-0.02%
	1.54
	1.55
	0.71%

	Overall
	0.92
	0.92
	-0.05%
	1.14
	1.14
	0.50%
	1.29
	1.29
	-0.10%
	1.45
	1.45
	0.42%

	Class D
	0.79
	0.79
	-0.18%
	1.05
	1.06
	0.17%
	1.22
	1.22
	-0.26%
	1.37
	1.37
	0.09%

	Class F
	0.91
	0.91
	0.02%
	1.10
	1.10
	0.35%
	1.26
	1.25
	-0.10%
	1.36
	1.37
	0.28%

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low delay P Main10 

	
	weighted bin-to-bit ratio (1:0.25)
	unweighted bin-to-bit ratio

	
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio
	Max - Bin2Bit Ratio
	Avg - Bin2Bit Ratio

	
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)
	Ref
	Test
	Diff (%)

	Class B
	0.94
	0.93
	-0.09%
	1.11
	1.11
	0.34%
	1.29
	1.29
	-0.10%
	1.42
	1.42
	0.26%

	Class C
	0.82
	0.81
	-0.16%
	1.06
	1.06
	0.13%
	1.24
	1.24
	-0.24%
	1.40
	1.40
	0.04%

	Class E
	1.01
	1.01
	0.03%
	1.24
	1.25
	0.57%
	1.34
	1.34
	-0.02%
	1.53
	1.54
	0.57%

	Overall
	0.92
	0.92
	-0.05%
	1.13
	1.14
	0.38%
	1.29
	1.29
	-0.10%
	1.44
	1.45
	0.31%

	Class D
	0.79
	0.79
	-0.18%
	1.06
	1.06
	0.07%
	1.22
	1.22
	-0.26%
	1.38
	1.38
	-0.02%

	Class F
	0.91
	0.91
	0.02%
	1.10
	1.10
	0.31%
	1.26
	1.25
	-0.10%
	1.36
	1.37
	0.21%




Summary
We propose to support dependent quantization with 8 states in addition to the current variant of dependent quantization with 4 states.  The simulation results showed that dependent quantization with 8 states yields average luma bit-rate savings of 0.34% to 0.43% for common test conditions and average luma bit-rate savings of 0.38% to 0.78% for low QP test conditions.  These gains can be obtained without increasing the complexity of decoder implementations.
We propose to adopt dependent quantization with 8 states as additional option into the next Working Draft.
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