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Abstract
This proposal harmonizes coefficient coding for TUs with diagonal scan. The proposed solution has neat design and coding efficiency improvement compared to HM5.0. Experimental results show that coding efficiency gain is: -0.02% for AI_HE, -0.13% for AI_LC, -0.18% for RA_HE, -0.24% for RA_LC, -0.15% for LD_HE, -0.30% for LD_LC and x.x% for RA_HE10.
1 Introduction
In HM5.0, coefficient coding consists of several steps: mode dependent coefficient coding (MDCS), last non-zero coefficient coding, significance map coding and non-zero coefficient level coding. These components vary at different TU sizes as shown in Table 1.
Table 1 Coefficient coding in HM5.0
	TU sizes
	Scan 
	LastPos 
	Multi-level Sig Map
	Sig Map
Context 
	level 

	4x4 
	H/V/D 
	2D(x,y) 
	- 
	Position based (4x4 only) 
	16 in 1D 

	8x8 
	H/V/D
	2D(x,y)
	- 
	Position based
(8x8 only)
	16 in 1D

	16x16/16x4/4x16 
32x32/32x8/8x32
	Sub-D 
	2D(x,y)
	4x4 sub-block
	mask based 
	4x4 sub-block


2 Proposed solution

To have a more unified solution in coefficient coding, we propose to harmonize the coefficient coding for the diagonal scan, which means that all the TUs with diagonal scan will have the same coefficient coding. 
The proposed solution changes the coefficient coding for 4x4 and 8x8 TUs with diagonal scan. 
1. TU based diagonal scan is replaced by 4x4 sub-block based diagonal scan, which means sub-block is scanned using diagonal scan and diagonal scan is applied inside each 4x4 sub-block. 
2. Multi-level significance map coding is applied and all contexts reuse 16x16 and 32x32 cases. 
3. Significance map context definition uses mask based approach as 16x16 and 32x32 cases. 
4. Level coding is changed accordingly due to the scan pattern.  

The solution is summarized as shown in Table 2.
Table 2 Proposed harmonized coefficient coding
	TU sizes
	Scan 
	LastPos 
	Multi-level Sig Map
	Sig Map
Context 
	level 

	4x4 
	H/V
	2D(x,y) 
	- 
	Position based (4x4 only) 
	16 in 1D 

	8x8 
	H/V
	2D(x,y)
	- 
	Position based

(8x8 only)
	16 in 1D

	4x4, 8x8
16x16/16x4/4x16 
32x32/32x8/8x32
	Sub-D 
	2D(x,y)
	4x4 sub-block
	mask based 


	4x4 sub-block


3 Simulation results
The proposed technique is implemented into HM5.0. The simulation is conducted under common test conditions [1]. A summary of results is shown in Table 3, and detailed results are available in “JCTVC-H0399.xls”.
Table 3 Summary of BD-rate results
	
	All Intra HE
	All Intra LC
	All Intra HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	0.08%
	1.21%
	0.99%
	0.00%
	0.14%
	0.16%
	 
	 
	 

	Class B
	0.02%
	1.06%
	0.92%
	-0.06%
	0.06%
	0.16%
	 
	
	 

	Class C
	-0.13%
	0.88%
	0.76%
	-0.23%
	-0.11%
	-0.11%
	 
	
	 

	Class D
	-0.13%
	0.45%
	0.30%
	-0.27%
	-0.14%
	-0.13%
	 
	
	 

	Class E
	0.13%
	0.30%
	0.48%
	-0.03%
	0.28%
	0.24%
	 
	
	 

	Overall
	-0.02%
	0.78%
	0.68%
	-0.13%
	0.03%
	0.05%
	 
	 
	 

	 
	-0.02%
	0.79%
	0.71%
	-0.14%
	0.03%
	0.04%
	 
	 
	 

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	 
	 
	 

	Enc Time[%]
	#NUM!
	#NUM!
	 

	Dec Time[%]
	#NUM!
	#NUM!
	 

	
	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC
	Random Access HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	-0.09%
	1.07%
	0.82%
	-0.11%
	0.09%
	0.01%
	#VALUE!
	#VALUE!
	#VALUE!

	Class B
	-0.06%
	1.49%
	1.43%
	-0.07%
	0.05%
	0.14%
	#VALUE!
	#VALUE!
	#VALUE!

	Class C
	-0.30%
	1.32%
	1.11%
	-0.34%
	-0.20%
	-0.06%
	 
	
	 

	Class D
	-0.28%
	0.93%
	0.98%
	-0.42%
	0.55%
	-0.31%
	 
	
	 

	Class E
	 
	
	 
	 
	
	 
	 
	
	 

	Overall
	-0.18%
	1.24%
	1.14%
	-0.24%
	0.12%
	-0.05%
	#VALUE!
	#VALUE!
	#VALUE!

	 
	-0.19%
	1.23%
	1.15%
	-0.24%
	0.11%
	-0.06%
	#VALUE!
	#VALUE!
	#VALUE!

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	 
	 
	 

	Enc Time[%]
	#NUM!
	#NUM!
	#NUM!

	Dec Time[%]
	#NUM!
	#NUM!
	#NUM!

	
	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC
	Low delay B HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class B
	-0.10%
	1.52%
	1.81%
	-0.10%
	-0.69%
	-0.35%
	 
	
	 

	Class C
	-0.27%
	1.89%
	1.55%
	-0.47%
	-0.39%
	-0.58%
	 
	
	 

	Class D
	-0.25%
	1.34%
	1.34%
	-0.51%
	0.78%
	0.20%
	 
	
	 

	Class E
	0.04%
	0.65%
	0.10%
	-0.14%
	-0.86%
	0.50%
	 
	
	 

	Overall
	-0.15%
	1.41%
	1.31%
	-0.30%
	-0.28%
	-0.11%
	
	
	 

	 
	-0.16%
	1.45%
	1.26%
	-0.30%
	-0.24%
	-0.15%
	 
	 
	 

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	 
	 
	 

	Enc Time[%]
	#NUM!
	#NUM!
	 

	Dec Time[%]
	#NUM!
	#NUM!
	 


4 Conclusion
This proposal harmonized the coefficient coding based on scan. This solution has simpler design and better coding efficiency compared to HM5.0.  We propose to adopt this proposal into HEVC.
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