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Abstract
This document reports the results of CE test 15.2 on palette mode tested on top of BMS-2.0.1. The test included the syntax from palette in HEVC. The CE results show that:
1) For Class F sequences, the proposed method provides 11.5%, 8.9%, and 5.7% BD-rate gains for luma, with 122124%, 1147% and 1126% for encoding time, and 964%, 97100% and 100101% in decoding time under AI, RA, and LD configurations, respectively. 
2) For 4:2:0 TGM sequences, the proposed method provides 33.5%, 17.1%, and 8.9% BD-rate gains for luma with 1302%, 1226% and 1213% for encoding time, and 68%, 8890% and 96% in decoding time under AI, RA, and LD configurations, respectively. 
An additional test with encoder only speedup is presented in this CE. With the encoder speed up, the results show that:
1) For Class F sequences, the proposed method provides 11.5%, 8.7%, and 5.2% BD-rate gains for luma, with 119%, 108% and 105% for encoding time, and 96%, 98% and 100% in decoding time under AI, RA, and LD configurations, respectively. 
2) For 4:2:0 TGM sequences, the proposed method provides 33.5%, 16.4%, and 8.6% BD-rate gains for luma with 129%, 101% and 100% for encoding time, and 67%, 88% and 94% in decoding time under AI, RA, and LD configurations, respectively. 
With encoder speed up, around 15% encoding time saving is achieved for RA and LD, with around 0.5% BD rate loss. 
[bookmark: _GoBack]CE Description
The decoder syntax in this CE test is the same as in HEVC palette. A flag is transmitted for each CU to signal whether the palette mode is used in the current CU. If the palette mode is utilized, the pixels values in the CU are represented by a small set of representative colour values. The set is referred to as the palette. For pixels with values close to the palette colors, the palette indices are signalled. For pixels with values outside the palette, the pixel is denoted with an escape symbol and the quantized pixel values are signaled directly.  
To decode a palette encoded block, the decoder needs to decode palette colors and indices. Palette colors are described by a palette table and encoded by palette table coding tools. An escape flag is signaled for each CU to indicate if escape symbols are present in the current CU. If escape symbols are present, the palette table is augmented by one and the last index is assigned to the escape mode. Palette indices of all pixels in a CU form a palette index map and are encoded by palette index map coding tools.
For coding of the palette table, a palette predictor is maintained. The predictor is initialized at the beginning of each slice where predictor is reset to 0. For each entry in the palette predictor, a reuse flag is signalled to indicate whether it is part of the current palette. The reuse flags are sent using run-length coding of zeros. After this, the number of new palette entries are signalled using exponential Golomb code of order 0. Finally, the component values for the new palette entries are signalled. After encoding the current CU, the palette predictor will be updated using the current palette, and entries from the previous palette predictor which are not reused in the current palette will be added at the end of new palette predictor until the maximum size allowed is reached (palette stuffing). 
For coding the palette index map, the indices are coded using horizontal and vertical traverse scans as shown in 1. The scan order is explicitly signalled in the bitstream using the palette_transpose_flag.
[image: ]
[bookmark: _Ref401230913]Figure 1: Horizontal and vertical traverse scans
The palette indices are coded using two main palette sample modes: 'INDEX' and 'COPY_ABOVE'. The mode is signalled using a flag except for the top row when horizontal scan is used, the first column when the vertical scan is used, or when the previous mode was 'COPY_ABOVE'. In the 'COPY_ABOVE' mode, the palette index of the sample in the row above is copied. In the 'INDEX' mode, the palette index is explicitly signalled. For both 'INDEX' and 'COPY_ABOVE' modes, a run value is signalled which specifies the number pixels that are coded using the same mode.
The encoding order for index map is as follows: First, the number of index values for the CU is signalled. This is followed by signalling of the actual index values for the entire CU using truncated binary coding. Both the number of indices as well as the index values are coded in bypass mode. This groups the index-related bypass bins together. Then the palette mode (INDEX or COPY_ABOVE) and run are signalled in an interleaved manner. Finally, the component escape values corresponding to the escape samples for the entire CU are grouped together and coded in bypass mode. An additional syntax element, last_run_type_flag, is signalled after signalling the index values. This syntax element, in conjunction with the number of indices, eliminates the need to signal the run value corresponding to the last run in the block.
In BMS2.0.1, dual tree is enabled for I slice which separate the coding unit partitioning for Luma and Chroma. Hence, in this proposal, palette is applied on Luma (Y component) and Chroma (Cb and Cr components) separately. If dual tree is disabled in the configuration, palette will be applied on Y, Cb, Cr components jointly, same as in HEVC palette.   
In this CE, an additional test with palette encoder speed up is presented. The method uses history information in deciding early termination of palette or intra mode checking. On the first visit of a CU, palette mode will be checked, and its RD cost will be stored. On the successive visit of the same CU, the stored RD cost is compared with the best mode before checking palette mode. If the stored RD cost is smaller than the cost of the best mode, palette mode will be checked, otherwise, palette mode will be bypassed. The RD cost storage will be reset at the beginning of each CTU. In intra slice, the mode checking order is intra mode -> palette mode. In inter slice, the mode checking order is inter mode (including merge, motion estimation, etc.) -> palette mode -> intra mode. In inter slice, if the best mode is palette mode before checking intra mode, intra mode will be bypassed.
Simulation results 
The proposed method is evaluated according to the CE15 description for the intra-only (AI), random-access (RA) and low delay B slice (LB) configurations with the BMS-2.0.1 software.
In Table 1, the results of CE15.2 before encoder speed up are shown. The results with encoder speed up are shown in Table2. With encoder speed up. The encoding time for Random Access and Low Delay is reduced for around 15%, with about 0.5% BD rate loss.
Table 1: Results of the CE15.2 test without encoder speed up

	
	All Intra Main10 

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.14%
	0.06%
	114%
	102%

	Class A2
	0.16%
	0.12%
	0.11%
	114%
	104%

	Class B
	0.09%
	0.13%
	0.11%
	113%
	104%

	Class C
	0.07%
	0.12%
	0.28%
	116%
	108%

	Class E
	0.11%
	0.12%
	-0.05%
	115%
	103%

	Overall 
	0.09%
	0.12%
	0.11%
	114%
	104%

	Class D
	0.08%
	0.19%
	0.02%
	114%
	105%

	TGM
	-33.48%
	-28.20%
	-28.24%
	132%
	68%

	Class F
	-11.51%
	-9.19%
	-9.23%
	124%
	94%

	
	All Intra Main10 

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.14%
	0.06%
	112%
	100%

	Class A2
	0.16%
	0.12%
	0.11%
	112%
	103%

	Class B
	0.09%
	0.13%
	0.11%
	111%
	104%

	Class C
	0.07%
	0.12%
	0.28%
	111%
	102%

	Class E
	0.11%
	0.12%
	-0.05%
	112%
	100%

	Overall 
	0.09%
	0.12%
	0.11%
	111%
	102%

	Class D
	0.08%
	0.19%
	0.02%
	110%
	102%

	TGM
	-33.48%
	-28.20%
	-28.24%
	130%
	68%

	Class F
	-11.51%
	-9.19%
	-9.23%
	122%
	96%





	
	Random Access Main 10

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.04%
	-0.02%
	0.08%
	110%
	102%

	Class A2
	0.13%
	0.14%
	-0.01%
	110%
	101%

	Class B
	0.11%
	0.08%
	0.26%
	114%
	104%

	Class C
	0.13%
	0.21%
	0.24%
	117%
	102%

	Class E
	 
	
	 
	 
	 

	Overall
	0.11%
	0.10%
	0.16%
	113%
	102%

	Class D
	0.24%
	0.04%
	0.38%
	120%
	104%

	TGM
	-17.06%
	-16.01%
	-15.69%
	126%
	90%

	Class F
	-8.89%
	-8.33%
	-8.76%
	117%
	100%

	
	Low delay B Main10 

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.18%
	0.24%
	-0.08%
	117%
	102%

	Class E
	0.04%
	0.26%
	0.07%
	115%
	98%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.25%
	0.75%
	0.15%
	119%
	103%

	TGM
	-8.94%
	-8.89%
	-8.21%
	123%
	96%

	Class F
	-5.67%
	-5.07%
	-6.25%
	116%
	101%

	
	Random Access Main 10

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.04%
	-0.02%
	0.08%
	108%
	103%

	Class A2
	0.13%
	0.14%
	-0.01%
	110%
	102%

	Class B
	0.11%
	0.08%
	0.26%
	113%
	105%

	Class C
	0.13%
	0.21%
	0.24%
	110%
	97%

	Class E
	 
	
	 
	 
	 

	Overall
	0.11%
	0.10%
	0.16%
	111%
	102%

	Class D
	0.24%
	0.04%
	0.38%
	113%
	100%

	TGM
	-17.06%
	-16.01%
	-15.69%
	122%
	88%

	Class F
	-8.89%
	-8.33%
	-8.76%
	114%
	97%

	
	Low delay B Main10 

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.10%
	0.14%
	-0.24%
	113%
	110%

	Class C
	0.18%
	0.24%
	-0.08%
	112%
	100%

	Class E
	0.04%
	0.26%
	0.07%
	110%
	96%

	Overall
	0.11%
	0.20%
	-0.11%
	112%
	103%

	Class D
	0.25%
	0.75%
	0.15%
	112%
	97%

	TGM
	-8.94%
	-8.89%
	-8.21%
	121%
	96%

	Class F
	-5.67%
	-5.07%
	-6.25%
	112%
	100%



Table 2: Results of the CE15.2 test with encoder speed up
	
	All Intra Main10 

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.13%
	0.08%
	109%
	105%

	Class A2
	0.17%
	0.09%
	0.14%
	108%
	107%

	Class B
	0.09%
	0.13%
	0.11%
	107%
	103%

	Class C
	0.08%
	0.16%
	0.27%
	107%
	104%

	Class E
	0.10%
	0.11%
	-0.05%
	108%
	100%

	Overall 
	0.09%
	0.13%
	0.12%
	108%
	104%

	Class D
	0.08%
	0.23%
	-0.02%
	107%
	108%

	TGM
	-33.48%
	-28.20%
	-28.25%
	129%
	67%

	Class F
	-11.52%
	-9.23%
	-9.20%
	119%
	96%

	
	Random Access Main 10

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.11%
	0.22%
	0.19%
	105%
	103%

	Class A2
	0.17%
	0.34%
	0.18%
	107%
	103%

	Class B
	0.16%
	0.21%
	0.27%
	109%
	105%

	Class C
	0.20%
	0.30%
	0.25%
	106%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	0.17%
	0.26%
	0.23%
	107%
	103%

	Class D
	0.23%
	0.24%
	0.47%
	108%
	101%

	TGM
	-16.44%
	-15.30%
	-14.99%
	101%
	88%

	Class F
	-8.72%
	-8.07%
	-8.63%
	108%
	98%

	
	Low delay B Main10 

	
	Over BMS-2.0.1 w/ VTM config 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.12%
	0.05%
	-0.19%
	109%
	109%

	Class C
	0.16%
	0.35%
	-0.10%
	108%
	101%

	Class E
	0.09%
	0.17%
	0.15%
	107%
	97%

	Overall
	0.13%
	0.18%
	-0.07%
	108%
	103%

	Class D
	0.26%
	0.67%
	0.21%
	108%
	97%

	TGM
	-8.64%
	-8.59%
	-7.77%
	100%
	94%

	Class F
	-5.22%
	-4.71%
	-5.88%
	105%
	100%
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