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Abstract
In the current VVC WD there exists three different luma intra mode list construction process: one for zero reference line index, a second for non-zero reference line index and a third for multi-hypothesis intra. This contribution proposes the use of a single list construction process. The contribution achieves this by first signaling if a luma intra mode is angular, and for angular mode constructing lists comprising only of angular modes (which is the same as currently being used for non-zero reference line index). For non-angular luma intra mode (i.e. PLANAR, DC) an additional flag is signaled that indicates the selected mode. It is asserted that the proposed modification simplifies the luma intra mode list construction process and on average has no significant coding efficiency impact. The proposed change is implemented in VTM-3.0 and evaluated under common test conditions. Note, that the unified list construction is used only for entropy coding and the encoder mode search is the same as in VTM-3.0. The proposed modification reportedly provides an average luma BD rate performance of -0.07% (all-intra), -0.03% (random-access), 0.05% (low delay B). It is also reported that for class A1 sequences in all-intra configuration the proposed scheme provides an average BD rate of -0.29%.
Introduction
In the current VVC WD there exists three different luma intra mode list construction process: one for zero reference line index, a second for non-zero reference line index and a third for multi-hypothesis intra. The contribution proposes the use of a single list construction process comprising solely of angular modes. This process is the same as the one currently being used for non-zero reference line index. Since the list no longer contains non-angular modes (PLANAR, DC modes) the luma intra mode signaling is modified to first signal a flag indicating if the selected mode is angular. For non-angular mode a further flag is received indicating if the mode is PLANAR or DC. The modified pseudo-syntax is shown below:
if (!intra_luma_ref_idx)
	intra_luma_angular_mode_flag
	if (!intra_luma_angular_mode_flag)
		intra_luma_planar_flag // Planar if true, DC otherwise
if (intra_luma_ref_idx || intra_luma_angular_mode_flag)
	if (intra_luma_ref_idx)
		intra_luma_mpm_flag=1
	else
		intra_luma_mpm_flag
	if (intra_luma_mpm_flag)
		intra_luma_mpm_idx
	else
		intra_luma_mpm_remainder
For multi-hypothesis intra the only angular modes allowed are: vertical and horizontal modes. For the above listed approach, a single flag needs to be signaled to distinguish between the two angular modes (no list construction is needed). The detailed syntax and semantics modifications to VVC WD [1] can be found in attached document.
Results
The proposed change is implemented in VTM-3.0 [3] and evaluated under common test conditions [2]. Note, that the unified list construction is used only for entropy coding and the encoder mode search is the same as in VTM-3.0. The summary results are listed below. Detailed results can be found in excel file attached to this contribution.
	
	All Intra Main10 

	
	Over VTM-3

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.29%
	-0.33%
	-0.20%
	101%
	105%

	Class A2
	-0.04%
	-0.10%
	-0.07%
	99%
	103%

	Class B
	-0.08%
	-0.10%
	-0.06%
	102%
	102%

	Class C
	0.03%
	0.01%
	0.03%
	102%
	101%

	Class E
	-0.01%
	-0.03%
	0.01%
	101%
	102%

	Overall 
	-0.07%
	-0.10%
	-0.05%
	101%
	102%

	Class D
	0.04%
	0.19%
	0.06%
	102%
	100%

	Class F (optional)
	0.21%
	0.15%
	0.15%
	101%
	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-3

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.09%
	0.02%
	0.02%
	101%
	101%

	Class A2
	-0.02%
	-0.03%
	0.08%
	100%
	101%

	Class B
	-0.03%
	0.06%
	0.00%
	98%
	101%

	Class C
	0.01%
	0.11%
	0.22%
	98%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.03%
	0.05%
	0.08%
	99%
	101%

	Class D
	0.01%
	-0.33%
	-0.27%
	98%
	100%

	Class F (optional)
	0.09%
	0.14%
	0.11%
	100%
	101%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-3

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.02%
	-0.28%
	0.07%
	97%
	102%

	Class C
	0.06%
	0.38%
	0.28%
	99%
	99%

	Class E
	0.08%
	1.10%
	0.56%
	96%
	101%

	Overall
	0.05%
	0.28%
	0.26%
	97%
	101%

	Class D
	0.03%
	0.07%
	0.27%
	100%
	100%

	Class F (optional)
	0.06%
	-0.38%
	-0.48%
	101%
	101%


Recommendation
In the current VVC WD there exists three different luma intra mode list construction process: one for zero reference line index, a second for non-zero reference line index and a third for multi-hypothesis intra. This contribution proposes the use of a single list construction process. The proposed modification reportedly provides an average luma BD rate performance of -0.07% (all-intra), -0.03% (random-access), 0.05% (low delay B). It is also reported that for class A1 sequences in all-intra configuration the proposed scheme provides an average BD rate of -0.29%. It is recommended that the approach be adopted in the next version of the VVC WD and VTM.
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