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Abstract
This contribution proposes to apply dependent quantization with 4 states for chroma components in stead of using the current dependent quantization with 8 states in ECM-3.1, keeping luma component using dependent quantization with 8 states. It aims to reduce the implementation complexity for the encoder.
The following average results are reported for dependent quantization with 4 states for chroma components relative to ECM-3.1 (dependent quantization with 8 states for chroma components) under common test conditions:
	AI:	  0.03%,  -0.12%,  -0.11%  (Y, Cb, Cr)  at  98% encoding time and 100% decoding time;
	RA:  0.02%,  -0.09%,  -0.09%  (Y, Cb, Cr)  at  99% encoding time and 100% decoding time;
	LB:	  0.00%,  -0.23%,  -0.23%  (Y, Cb, Cr)  at  96% encoding time and 100% decoding time.

Introduction
Dependent quantization with 8 states, in addition to the variant of dependent quantization with 4 states in VVC, is supported and always selected by setting the configuration parameter DepQuant = 2 in the current ECM-3.1 for quantizing transform coefficients. The coding efficiency of dependent quantization can be increased by increasing the number of states, while at the cost of a higher encoder complexity. 
[bookmark: _Hlk92290952]The selection of the transform coefficient levels  for a transform block in the encoder aims at minimizing the rate-distortion cost, which is equivalent to finding the path through the trellis graph in dependent quantization, depicted in Figure 1, as given by the Viterbi algorithm. The trellis is processed in coding order, all possible connections of the trellis nodes between a scan index  and a next scan index  are evaluated. For each destination node, calculate the rate-distortion costs for the two paths that connect a state for the preceding transform coefficient with the current state, only the connection with the minimum rate-distortion cost  is kept and the associated cost  is assigned to the destination node; with this pruning, all 4/8 trellis nodes for a current transform coefficient have a single connection to a node for the preceding transform coefficient in coding order. This process is continued until , where 4 surviving paths through the trellis are obtained for 4-state trellis structure, and 8 surviving paths for 8-state trellis structure. At the end, the path with the minimum cost  is selected, which eventually provides the sequence of transform coefficient levels . An exemplary path with minimum cost is selected and highlighted as red bold line in Figure 1. 
[image: ]
Figure 1. An exemplary path with minimum cost for 4-state trellis structure and 8-state trellis structure.
In comparison to the DQ with 4 states, the DQ with 8 states requires more computation of rate-distortion costs and more comparisons of rate-distortion costs in the encoder. For each transform coefficient, up to 4x2 computations and 4 comparisons of rate-distortion costs are needed with 4-state trellis structure, and up to 8x2 computations and 8 comparisons of rate-distortion costs are needed with 8-state trellis structure. For choosing the final path, 4 and 8 comparisons are needed for 4-state case and 8-state case, respectively. Besides, the memory to store the current/previous/skip state information are increased from 4-states to 8-states per transform block. The encoder computation complexity and memory cost of DQ with 4/8 states per transform block are summarized in Table 1 ( represents the number of coded transform coefficients in a transform block).
Table 1. The encoder computation complexity and memory cost of DQ with 4/8 states per transform block.
	
	computations of RD-cost
	comparisons of RD-cost
	memories of current/previous/skip state information

	DQ with 4-state
	4x2x
	4x+4
	12 = 4 cur + 4 prev + 4 skip

	DQ with 8-state
	8x2x
	8x+8
	24 = 8 cur + 8 prev + 8 skip



Proposed Method
It’s well-known that in many application scenarios, it is more important to provide a high resolution luma component than to provide such detail for the chroma components. In order to decrease the complexity of encoder with acceptable coding efficiency loss, we propose to apply dependent quantization with 4 states for chroma components, while keep dependent quantization with 8 states for luma component.
The version of dependent quantization used is indicated by the colour component. A variable cIdx specifying the colour component of the current block, equal to 0 for Y, 1 for Cb, and 2 for Cr. The decoding process is designed in a way that only the state transition table (the selected variant of dependent quantization) used depends on the variable cIdx; all other aspects are the same as in the current ECM-3.1. cIdxequal to 0 specifies that the luma component of the current block is processed, and then DQ with 8 states is applied; otherwise, DQ with 4 states is used when cIdx larger 0.


Table 2. The used variant of the state transition table is decided by the colour component cIdx.
	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

	…
	

		stateTab = pic_dep_quant_enabled_flag > 0 ? 4stateTransTable : 0
	

	     stateTab = cIdx ? 4stateTransTable : 8stateTransTable  
	

	…
	



Experiments results
In the reported experiments shown in Table 3, reference is ECM3.1, test is applying dependent quantization with 4 states for chroma components. Simulations have been performed for AI, RA and LDB configurations, for ECM CTC SDR test contents. Full results are provided in attached excel file.

Table 3. Results of proposed version of dependent quantization with 4 states for chroma components over ECM-3.1.
	
	All Intra Main 10 

	
	Over ECM 3.1 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.04%
	-0.17%
	-0.07%
	100%
	100%

	Class A2
	0.05%
	0.10%
	0.06%
	99%
	100%

	Class B
	0.00%
	-0.10%
	-0.16%
	98%
	101%

	Class C
	0.02%
	-0.22%
	-0.18%
	98%
	99%

	Class E
	0.02%
	-0.21%
	-0.16%
	96%
	98%

	Overall 
	0.03%
	-0.12%
	-0.11%
	98%
	100%

	Class D
	0.04%
	-0.21%
	-0.33%
	97%
	98%

	Class F
	0.00%
	-0.01%
	-0.35%
	98%
	98%

	Class TGM
	0.03%
	0.05%
	0.06%
	100%
	102%



	
	Random Access Main 10

	
	Over ECM 3.1 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.06%
	-0.21%
	-0.20%
	99%
	99%

	Class A2
	0.01%
	-0.03%
	0.03%
	100%
	101%

	Class B
	0.01%
	-0.05%
	-0.05%
	100%
	100%

	Class C
	0.03%
	-0.10%
	-0.13%
	99%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	0.02%
	-0.09%
	-0.09%
	99%
	100%

	Class D
	0.02%
	0.23%
	-0.35%
	100%
	100%

	Class F
	0.08%
	0.11%
	-0.02%
	99%
	101%

	Class TGM
	0.02%
	0.02%
	0.14%
	95%
	101%



	
	Low delay B Main 10 

	
	Over ECM 3.1 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.00%
	-0.11%
	-0.40%
	94%
	99%

	Class C
	-0.06%
	-0.06%
	-0.14%
	99%
	99%

	Class E
	0.08%
	-0.64%
	0.05%
	95%
	101%

	Overall
	0.00%
	-0.23%
	-0.20%
	96%
	100%

	Class D
	0.12%
	-0.36%
	-0.59%
	99%
	100%

	Class F
	0.11%
	-0.97%
	-0.32%
	98%
	100%

	Class TGM
	0.04%
	-0.01%
	0.07%
	98%
	99%



Conclusions
We propose to apply dependent quantization with 4 states instead of using the current variant of dependent quantization with 8 states for chroma components. The simulation results showed that dependent quantization with 4 states for chroma components shows average encoding time savings of 96% to 99% for common test conditions. The bit-rate change is negligible without increasing the complexity of decoder implementations.
We propose to adopt dependent quantization with 4 states for chroma components into the next ECM Working Draft.
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