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Abstract
In this proposal, the coding of last nonzero coefficient for 4x4 TU in CAVLC is changed. In HM3.0, , Chroma and Luma from Intra TU are mixed together as one of contexts for last nonzero coefficient of 4x4 in CAVLC. This proposal redefines the contexts to separate Luma and Chroma and then different VLC tables are used for Luma and Chroma. Experimental results show that the BD-rate savings for LoCo conditions are 0.1% for Y, 1.7% for U and 1.6% for V under Intra only configuration, 0.0% for Y, 1.4% for U and 1.3% for V under random access configuration and 0.0% for Y, 0.8% for U and 0.9% for V under low delay configuration.
1 Introduction 

In HEVC test Model (HM) 3.0, Context-based Adaptive Variable Length Coding (CAVLC) for transform coefficients encodes using Variable Length Code (VLC). These coefficients are scanned to 1-D array and encoded by three steps: 1) last nonzero coefficient position, 2) run-mode and 3) level-mode. In each step, an event is mapped to a codenumber. Then the codenumber is mapped to a codeword based on the corresponding VLC table. There are 14 VLC tables available in HM3.0. The selection of VLC tables is based on the context. 
The last nonzero coefficient position is coded as a combined event (IsLevelOne, last_pos), where IsLevelOne is a binary flag to identify whether the last nonzero coefficient has absolute value equal to or greater than 1 and last_pos is the position in the 1-D array. The coding of last nonzero coefficient position is different for 4x4 and TU with other sizes. For 4x4 TU, (IsLevelOne, last_pos) is mapped  to a codenumber through a look-up table with the size of 3x32, where 3 stands for the number of contexts and 32 stands for the number of possible events. This look-up table will be updated by a swapping operation to track the occurrences of encoded events. For other TUs, (IsLevelOne, last_pos) is mapped to a codenumber through a fixed pattern. The mapping keeps consistent for all TUs with the same size. The VLC tables used for the (IsLevelOne, last_pos) of 4x4 are the same for all 3 contexts, which is always VLC-2 in HM3.0.

2 Solution
In HM3.0, the 3 contexts of 4x4 are 1) Chroma and Luma from Intra TU, 2) Luma from Inter TU in P slice and 3) Luma from Inter TU in B slice. Since we observe that the distributions of (IsLevelOne, last_pos) are different for Luma and Chroma, we propose to redefine the context. There are two solutions in this proposal.

The number of context is still 3. But the definition is 1) Luma from Intra TU, Luma from Inter TU in P slice and Luma from Inter TU in B slice, 2) Chroma-U, and 3) Chroma-V. Based on the new context, the VLC tables used are defined as [2, 10, 10] respectively. The initial values of lastPosTable are not changed. 
3 Experiment setting and results
3.1 Coding conditions

The conditions are the same as specified in JCTVC-E700 [1] for low complexity settings.
3.2 Test set
The same set as specified in JCTVC-E700 is used. 
3.3 Results
A summary of results is listed in Table 1. Complete results are available in “Results-JCTVC-F287.xls”.
Table 1 Simulation results using proposed solution
	 
	All intra LC

	
	Y
	U
	V

	Class A
	0.0 
	-1.3 
	-1.2 

	Class B
	-0.1 
	-1.3 
	-1.7 

	Class C
	-0.2 
	-1.1 
	-1.3 

	Class D
	-0.2 
	-1.4 
	-1.2 

	Class E
	0.0 
	-3.9 
	-3.1 

	Overall
	-0.1 
	-1.7 
	-1.6 

	Enc Time[%]
	100%

	Dec Time[%]
	101%

	
	
	
	

	 
	Random access LC

	
	Y
	U
	V

	Class A
	-0.1 
	-1.8 
	-1.0 

	Class B
	0.0 
	-1.3 
	-1.6 

	Class C
	0.1 
	-0.9 
	-1.3 

	Class D
	0.0 
	-1.7 
	-1.1 

	Class E
	 
	 
	 

	Overall
	0.0 
	-1.4 
	-1.3 

	Enc Time[%]
	100%

	Dec Time[%]
	101%

	
	
	
	

	 
	Low delay (B) LC

	 
	Y
	U
	V

	Class A
	 
	 
	 

	Class B
	0.0 
	-0.6 
	-0.9 

	Class C
	0.0 
	-0.4 
	-0.9 

	Class D
	0.0 
	-0.9 
	-0.2 

	Class E
	0.0 
	-1.4 
	-2.0 

	Overall
	0.0 
	-0.8 
	-0.9 

	Enc Time[%]
	100%

	Dec Time[%]
	101%


4 Conclusion

This proposal improved the coding of last nonzero coefficient for 4x4 TU by redefining the context. Significant BD-rate savings for Chroma were observed while no complexity was introduced. We proposed to adopt this solution to HEVC.
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