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Abstract
Palette mode is included in VTM-6.0 for 4:4:4 screen content coding. However, due to the coding overhead cost of a palette table, it may not be efficient for small block sizes, especially for inter slices with much less frequent use of palette mode than that in I-slices. We propose to disable palette mode for inter slice CUs with sizes less than or equal to 32 samples. In simulation, we tested CU size limit of 16, 32, 64 samples. For the best performed 32 samples of the CU size limit, 4:4:4 CTC result shows that: compared with VTM-6.1 with palette mode, for dual-tree ON, −0.13%/−0.12% (RA/LDB) Y BD-rate gain is achieved, while for dual-tree OFF, −0.13%/+0.01% (RA/LDB) Y BD-rate change is achieved, all with similar encoding and decoding times.
Introduction 
Palette mode is an efficient coding method for screen content coding (SCC) and is included in VTM-6.0 for 4:4:4 video coding [1]. For coding blocks consisting of only a small number of distinct colors, palette mode signals indices to a palette table to indicate the color values of each sample. 
However, coding and maintaining such a palette table of a coding block may not be efficient for small block sizes, e.g. for 4x4, 4x8, 8x4 CUs, etc. Especially for inter slices, due to the much less frequent use of palette mode for neighboring CUs, coding a palette table generally costs more bits than that in I-slices. Therefore, in this proposal, we propose to disable palette mode for inter slice CUs with size less than or equal to 32 samples. 
Simulation results
Due to a known bug of palette mode with dual-tree OFF in VTM-6.0, the 4:4:4 CTC tests [2] herein are all based on VTM-6.1 where the bug is fixed. Both dual-tree ON and dual-tree OFF cases are tested. For easy comparison, in this document, we only provide the result with VTM-6.1 with palette mode enabled as the anchor. The result with the original VTM-6.1 (where by default palette mode is disabled) as the anchor can be found in the attached documents of the proposal. 
Herein, we tested CU size limit of 16, 32, 64 samples. Since the restriction is only applied for inter slice CUs, only RA and LDB results are needed.
Dual-tree ON 



Table 1. Performance of palette mode inter slice CU size limit of 16 samples
	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-6.1 with palette

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.00%
	0.03%
	0.03%
	101%
	100%

	TGM 720p
	0.01%
	-0.01%
	-0.04%
	101%
	100%

	Animation
	-0.04%
	-0.04%
	-0.04%
	100%
	100%

	Mixed content
	-0.02%
	0.04%
	0.12%
	101%
	101%

	Camera-Captured content
	0.00%
	0.06%
	0.01%
	101%
	99%

	Overall
	-0.01%
	0.01%
	0.01%
	101%
	100%



	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-6.1 with palette

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.02%
	0.13%
	0.04%
	101%
	100%

	TGM 720p
	0.23%
	-0.07%
	0.35%
	101%
	101%

	Animation
	0.00%
	0.10%
	0.10%
	100%
	101%

	Mixed content
	-0.04%
	-0.18%
	-0.18%
	101%
	100%

	Camera-Captured content
	-0.02%
	-0.03%
	0.01%
	100%
	101%

	Overall
	0.04%
	0.00%
	0.08%
	101%
	100%



Table 2. Performance of palette mode inter slice CU size limit of 32 samples
	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-6.1 with palette

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.11%
	0.07%
	-0.03%
	102%
	100%

	TGM 720p
	-0.03%
	0.06%
	-0.03%
	101%
	100%

	Animation
	-0.51%
	-0.50%
	-0.45%
	101%
	100%

	Mixed content
	-0.03%
	0.05%
	0.13%
	101%
	101%

	Camera-Captured content
	0.03%
	0.09%
	0.01%
	101%
	100%

	Overall
	-0.13%
	-0.04%
	-0.07%
	101%
	100%



	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-6.1 with palette

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.00%
	0.19%
	0.11%
	101%
	100%

	TGM 720p
	-0.08%
	-0.26%
	-0.17%
	101%
	100%

	Animation
	-0.51%
	-0.41%
	-0.40%
	101%
	100%

	Mixed content
	-0.03%
	-0.02%
	-0.05%
	101%
	101%

	Camera-Captured content
	0.02%
	0.00%
	-0.13%
	101%
	100%

	Overall
	-0.12%
	-0.10%
	-0.11%
	101%
	100%




Table 3. Performance of palette mode inter slice CU size limit of 64 samples
	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-6.1 with palette

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.04%
	0.38%
	0.24%
	103%
	100%

	TGM 720p
	-0.06%
	0.04%
	0.01%
	101%
	100%

	Animation
	-0.76%
	-0.62%
	-0.51%
	101%
	100%

	Mixed content
	-0.08%
	0.05%
	0.13%
	101%
	101%

	Camera-Captured content
	0.01%
	0.02%
	0.04%
	101%
	100%

	Overall
	-0.16%
	0.00%
	0.00%
	101%
	100%



	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-6.1 with palette

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.27%
	0.60%
	0.55%
	102%
	100%

	TGM 720p
	0.21%
	0.09%
	0.73%
	100%
	100%

	Animation
	-0.59%
	-0.45%
	-0.40%
	101%
	101%

	Mixed content
	-0.12%
	-0.11%
	-0.17%
	101%
	99%

	Camera-Captured content
	-0.01%
	-0.05%
	-0.11%
	101%
	99%

	Overall
	-0.01%
	0.06%
	0.20%
	101%
	100%



Dual-tree OFF
Table 4. Performance of palette mode inter slice CU size limit of 16 samples
	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-6.1 with palette dt0

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.01%
	0.02%
	0.06%
	100%
	100%

	TGM 720p
	0.00%
	0.05%
	0.03%
	100%
	100%

	Animation
	0.00%
	0.01%
	0.00%
	100%
	100%

	Mixed content
	0.00%
	0.14%
	0.04%
	101%
	100%

	Camera-Captured content
	-0.01%
	0.01%
	0.03%
	100%
	99%

	Overall
	0.00%
	0.05%
	0.03%
	100%
	100%



	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-6.1 with palette dt0

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.03%
	0.07%
	0.10%
	100%
	100%

	TGM 720p
	0.27%
	0.11%
	0.16%
	100%
	101%

	Animation
	0.00%
	0.01%
	0.04%
	100%
	99%

	Mixed content
	-0.01%
	0.04%
	0.04%
	101%
	100%

	Camera-Captured content
	-0.03%
	-0.05%
	-0.01%
	100%
	101%

	Overall
	0.07%
	0.05%
	0.08%
	100%
	100%




Table 5.Performance of palette mode inter slice CU size limit of 32 samples
	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-6.1 with palette dt0

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.05%
	0.11%
	0.08%
	101%
	100%

	TGM 720p
	-0.04%
	0.00%
	0.00%
	101%
	100%

	Animation
	-0.52%
	-0.48%
	-0.48%
	101%
	100%

	Mixed content
	-0.03%
	0.07%
	-0.02%
	101%
	100%

	Camera-Captured content
	-0.08%
	-0.01%
	-0.02%
	100%
	99%

	Overall
	-0.13%
	-0.05%
	-0.08%
	101%
	100%



	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-6.1 with palette dt0

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.13%
	0.32%
	0.23%
	101%
	100%

	TGM 720p
	0.30%
	0.23%
	0.28%
	100%
	101%

	Animation
	-0.55%
	-0.44%
	-0.35%
	100%
	99%

	Mixed content
	0.03%
	0.19%
	0.21%
	100%
	101%

	Camera-Captured content
	-0.04%
	0.02%
	-0.02%
	100%
	100%

	Overall
	0.01%
	0.09%
	0.10%
	100%
	100%



Table 6. Performance of palette mode inter slice CU size limit of 64 samples
	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-6.1 with palette dt0

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.09%
	0.44%
	0.36%
	102%
	101%

	TGM 720p
	-0.08%
	0.08%
	0.13%
	101%
	100%

	Animation
	-0.72%
	-0.58%
	-0.59%
	101%
	101%

	Mixed content
	-0.08%
	0.03%
	-0.03%
	101%
	99%

	Camera-Captured content
	-0.06%
	0.00%
	-0.04%
	100%
	99%

	Overall
	-0.16%
	0.03%
	0.00%
	101%
	100%



	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-6.1 with palette dt0

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.37%
	0.62%
	0.57%
	101%
	100%

	TGM 720p
	0.27%
	0.22%
	0.42%
	101%
	100%

	Animation
	-0.74%
	-0.57%
	-0.64%
	101%
	101%

	Mixed content
	-0.03%
	0.02%
	-0.05%
	100%
	100%

	Camera-Captured content
	-0.03%
	0.00%
	0.05%
	100%
	99%

	Overall
	0.01%
	0.11%
	0.12%
	101%
	100%



Overall, we consider 32 samples result is the best. Although its RA gain is 0.03% lower than 64 samples result, its performance on TGM 1080p class is much more better than 64 samples result. Its more balanced performance esp on TGM 1080p class is more preferable. 
Conclusion 
Due to the overhead cost of palette table, palette mode may not be efficient for small CUs. We found that for inter slice CUs, where the coding overhead of palette table is generally higher than that in I-slices due to the much less frequent use of palette mode by neighboring CUs, disabling palette mode for small CUs may even yield a minor coding gain. For the best performed 32 sample CU size limit, result shows that compared with VTM-6.1 with palette mode, for dual-tree ON, −0.13%/−0.12% (RA/LDB) Y BD-rate gain is achieved, while for dual-tree OFF, −0.13%/+0.01% (RA/LDB) Y BD-rate change is achieved, all with similar encoding and decoding times. 
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