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Abstract
A summary of Core Experiment 15 (CE15) on palette mode is reported. Two tests are evaluated based on the common test conditions defined in JVET-K1035. All tests and crosscheck results are integrated in this report.
Introduction
The following tests in table 1 are performed in CE15.
[bookmark: _GoBack]
Table 1: tests that are evaluated and studied in this CE.
	Test
	Tester
	Document 
	Tool description
	Cross checker

	15.1
	Yu-Chen Sun (Alibaba)
Yung-Hsuan Chao (Qualcomm)
	JVET-K0411
	Palette mode in JVET-K0411
	J. Ye (Tencent)

	15.2
	Yung-Hsuan Chao (Qualcomm)
Yu-Chen Sun (Alibaba)
	HEVC-SCC
	Palette mode in HEVC-SCC
	Jianqing Zhu (Fujitsu)



The detailed description of each tools is provided in the next section.

[bookmark: _Ref288506070]Description of CE tools
CE15.1: Palette mode
The palette mode in n JVET-K0411 [1].

CE15.2 Palette mode in HEVC-SCC
The palette mode in HEVC-SCC [2].

Difference between CE15.1 and CE15.2
CE15.1 and CE15.2 share the same software code base and can be switched by macro setting. The difference between two tests are summarized in table 2. 

	
	CE15.1
	CE15.2

	Index map coding
	1. Raster scan
2. Escape mode is coded in INDEX mode
3. Palette Index is signaled (TBC)
4. PLT index(bypass), run type(CABAC), run length(CABAC), and escape sample (bypass) are coded in interleaved manner
5. Escape sample is coded using TBC (QP dependent)
6. Escape sample: encode Y/ Cb / Cr  together for each escape sample
	1. Horizontal / Vertical traverse scan (flag)
2. Escape mode is coded in INDEX/COPY_ABOVE mode 
3. Redundancy removal before signaling index (TBC) :
if previous pixel is INDEX: curIDX prevIDX
if previous pixel is COPY_ABOVE: curIDX aboveIDX
4. Encode PLT index (bypass) for whole CU 
-> run type (CABAC) and run length (CABAC) interleaved
-> escape samples for whole CU (bypass)
5. Escape sample is coded with Exponential-Golomb coding
6. Encode Y for whole CU -> Cb for whole CU -> Cr for whole CU.

	Syntax inference
	1. Signal palette info regardless of palette table size
	1. If palette table size <= 1: 
PLT index = 0
run type = INDEX
scanning: horizontal
run length = number of pixels in the CU
if palette table size > 1: 
signaling palette info

	Bug fix
	
	1. Bug fix in escape sample coding: fix the issue in division (only affect low QP)


 
[bookmark: _Toc261348554] Experimental Conditions
Experimental condition follows CE15 description [3].
Software
One software code base is used which is the BMS software. The BMS subversion repository can be found at https://jvet.hhi.fraunhofer.de/svn/svn_VVCSoftware_BMS. The 2.0.1 release version of the software is used.
Anchors
· The BMS version 2.0.1 software is used with ‘vtm’ configuration files to produce the VTM anchor.
Summary of Results
CE15 Results
The results of the CE15.1 and CE15.2 software released Sep. 17 are denoted as “15.1” and “15.2”. Later, the proponents provided an encoding-only update, and the results are denoted as “15.1*” and “15.2*. The software with encoding only change is updated roughly 12 hours after the deadline (PST). The anchor is BMS-2.0.1 with VTM cfg.
	　
	　
	All Intra Main 10
	　
	　
	　

	　
	　
	VTM_config
	　
	　
	　

	　
	Test#
	Y
	U
	V
	EncT
	DecT

	CTC overall
	15.1
	0.11%
	0.12%
	0.11%
	111%
	104%

	
	15.2
	0.09%
	0.12%
	0.11%
	111%
	102%

	
	15.1*
	0.11%
	0.12%
	0.11%
	104%
	99%

	
	15.2*
	0.09%
	0.13%
	0.12%
	108%
	104%

	Class F
	15.1
	-10.27%
	-7.97%
	-7.95%
	122%
	92%

	
	15.2
	-11.51%
	-9.19%
	-9.23%
	122%
	96%

	
	15.1*
	-10.27%
	-7.97%
	-7.99%
	116%
	91%

	
	15.2*
	-11.52%
	-9.23%
	-9.20%
	119%
	96%

	SCC 1080p
	15.1
	-30.44%
	-25.20%
	-25.23%
	138%
	70%

	
	15.2
	-33.48%
	-28.20%
	-28.24%
	130%
	68%

	
	15.1*
	-30.44%
	-25.18%
	-25.22%
	132%
	68%

	
	15.2*
	-33.48%
	-28.20%
	-28.25%
	129%
	67%





	　
	　
	Random Access Main 10
	　
	　

	　
	　
	VTM_config
	　
	　
	　

	　
	Test#
	Y
	U
	V
	EncT
	DecT

	CTC overall
	15.1
	0.12%
	0.08%
	0.11%
	110%
	102%

	
	15.2
	0.11%
	0.10%
	0.16%
	113%
	102%

	
	15.1*
	0.13%
	0.16%
	0.16%
	106%
	100%

	
	15.2*
	0.17%
	0.26%
	0.23%
	107%
	103%

	Class F
	15.1
	-7.95%
	-7.33%
	-7.76%
	117%
	99%

	
	15.2
	-8.89%
	-8.33%
	-8.76%
	114%
	97%

	
	15.1*
	-7.80%
	-7.21%
	-7.63%
	107%
	95%

	
	15.2*
	-8.72%
	-8.07%
	-8.63%
	108%
	98%

	SCC 1080p
	15.1
	-14.56%
	-13.46%
	-13.17%
	124%
	92%

	
	15.2
	-17.06%
	-16.01%
	-15.69%
	122%
	88%

	
	15.1*
	-13.93%
	-12.76%
	-12.45%
	100%
	88%

	
	15.2*
	-16.44%
	-15.30%
	-14.99%
	101%
	88%



	　
	　
	Low Delay B Main 10
	　
	　

	　
	　
	VTM_config
	　
	　
	　

	　
	Test#
	Y
	U
	V
	EncT
	DecT

	CTC overall
	15.1
	0.17%
	0.06%
	-0.04%
	112%
	103%

	
	15.2
	0.11%
	0.20%
	-0.11%
	112%
	103%

	
	15.1*
	0.15%
	0.10%
	-0.12%
	105%
	101%

	
	15.2*
	0.13%
	0.18%
	-0.07%
	108%
	103%

	Class F
	15.1
	-4.77%
	-4.08%
	-4.89%
	117%
	105%

	
	15.2
	-5.67%
	-5.07%
	-6.25%
	112%
	100%

	
	15.1*
	-4.46%
	-3.18%
	-4.18%
	107%
	100%

	
	15.2*
	-5.22%
	-4.71%
	-5.88%
	105%
	100%

	SCC 1080p
	15.1
	-6.42%
	-6.17%
	-5.56%
	123%
	100%

	
	15.2
	-8.94%
	-8.89%
	-8.21%
	121%
	96%

	
	15.1*
	-6.00%
	-5.79%
	-5.01%
	98%
	94%

	
	15.2*
	-8.64%
	-8.59%
	-7.77%
	100%
	94%


Optional Results: Combination of CE15 (Palette Mode) and CE8 (CPR) Results
In CE 15 [3], the tests with CPR is optional and encouraged. On Oct. 3, the proponents provided the optional test results between palette and CPR on top of BMS-2.1 (CE8.3.1a with current CTU restriction). Note that the results have not been crosschecked, and the source code has been released by the proponents through e-mail reflector.


	　
	　
	All Intra Main 10
	　
	　
	　

	　
	　
	VTM_config

	　
	Test#
	Y
	U
	V
	EncT
	DecT

	Class F
	8.3.1a (curCTU)
	-11.61%
	-11.82%
	-11.87%
	155%
	102%

	
	15.1
	-10.27%
	-7.97%
	-7.95%
	122%
	92%

	
	15.2
	-11.51%
	-9.19%
	-9.23%
	122%
	96%

	
	15.1 + 8.3.1a (curCTU)
	-14.51%
	-13.10%
	-13.21%
	169%
	94%

	
	15.2 + 8.3.1a (curCTU)
	-15.33%
	-14.05%
	-14.14%
	168%
	94%

	SCC 1080p
	8.3.1a (curCTU)
	-36.51%
	-35.89%
	-36.20%
	148%
	99%

	
	15.1
	-30.44%
	-25.20%
	-25.23%
	138%
	70%

	
	15.2
	-33.48%
	-28.20%
	-28.24%
	130%
	68%

	
	15.1 + 8.3.1a (curCTU)
	-43.27%
	-39.84%
	-40.03%
	157%
	75%

	
	15.2 + 8.3.1a (curCTU)
	-44.65%
	-41.13%
	-41.32%
	155%
	73%



	　
	　
	Random Access Main 10
	　
	　

	　
	　
	VTM_config

	　
	Test#
	Y
	U
	V
	EncT
	DecT

	Class F
	8.3.1a (curCTU)
	-9.63%
	-9.93%
	-9.88%
	115%
	102%

	
	15.1
	-7.95%
	-7.33%
	-7.76%
	117%
	99%

	
	15.2
	-8.89%
	-8.33%
	-8.76%
	114%
	97%

	
	15.1 + 8.3.1a (curCTU)
	-11.36%
	-11.21%
	-11.23%
	126%
	101%

	
	15.2 + 8.3.1a (curCTU)
	-12.04%
	-11.86%
	-12.15%
	128%
	102%

	SCC 1080p
	8.3.1a (curCTU)
	-22.76%
	-22.82%
	-23.10%
	110%
	97%

	
	15.1
	-14.56%
	-13.46%
	-13.17%
	124%
	92%

	
	15.2
	-17.06%
	-16.01%
	-15.69%
	122%
	88%

	
	15.1 + 8.3.1a (curCTU)
	-25.54%
	-24.91%
	-24.82%
	123%
	94%

	
	15.2 + 8.3.1a (curCTU)
	-26.86%
	-26.21%
	-26.10%
	124%
	93%





Crosscheck Reports
The simulation data have been crosschecked and crosscheck results are summarized as follows,
	#
	Tester
	Cross-checker
	Software review/studied? (Y/N)
	Any significant inconsistencies between the description and the provided software?
	Results available (Full/Partial)
	Resutls matched? (Y/N)
	Runtime behavior matched? (Y/N)
	Additional comments

	15.1
	Yu-Chen Sun (Alibaba)
Yung-Hsuan Chao (Qualcomm)
	J. Ye (Tencent)
	Y
	N
	Full
	Y
	Y
	　

	15.1*
	Yu-Chen Sun (Alibaba)
Yung-Hsuan Chao (Qualcomm)
	J. Ye (Tencent)
	Y
	N
	Full
	Y
	Y
	　

	15.2
	Yung-Hsuan Chao (Qualcomm)
Yu-Chen Sun (Alibaba)
	Jianqing Zhu (Fujitsu)
	Y
	N
	Partial
	Y
	　Y
	CE15.2 uses 2 separate palette coding for Luma and chroma components, i.e. 2 palette tables and 2 index maps while HEVC SCC use 1 palette table and 1 index map for a CU (including luma and chroma).

	15.2*
	Yung-Hsuan Chao (Qualcomm)
Yu-Chen Sun (Alibaba)
	Jianqing Zhu (Fujitsu)
	Y
	N
	Partial
	Y
	Y　
	Same paltette coding as CE15.2 except encoder change.

	15.2
	Yung-Hsuan Chao (Qualcomm)
Yu-Chen Sun (Alibaba)
	Yi-Wen Chen (Kwai)
	Y
	N　
	Partial　
	Y　
	N (Crosscheck run time may be not reliable)　
	　

	15.2*
	Yung-Hsuan Chao (Qualcomm)
Yu-Chen Sun (Alibaba)
	Yi-Wen Chen (Kwai)
	Y
	N　
	Partial　
	Y　
	N(Crosscheck run time may be not reliable)
	　


Input Contributions

1. JVET-L0213 “CE15-related: Combination of palette mode and intra prediction”, Y.-C. Sun, J. An, J. Lou (Alibaba)  
1. JVET-L0307 “CE15-related: Palette index map scan order constraints”, J. Ye, X. Li, S. Liu, X. Xu (Tencent)             
1. JVET-L0308 “CE15-related: Palette mode when dual-tree is enabled”, J. Ye, X. Li, S. Liu, X. Xu (Tencent)             
1. JVET-L0336 “CE15-2: Palette mode of HEVC SCC”, Y.-H. Chao, H. Wang, V. Seregin, M. Karczewicz (Qualcomm), Y.-C. Sun, J. An, J. Lou (Alibaba)
1. JVET-L0344 “CE15-1: Palette mode”, Y.-C. Sun, J. An, J. Lou (Alibaba), Y.-H. Chao, H. Wang, V. Seregin, M. Karczewicz (Qualcomm)
1. JVET-L0427 “CE15-related: Separate Palette Coding for Luma and Chroma components”, R. Chernyak, S. Ikonin, J. Chen (Huawei)  
1. JVET-L0451 “CE15-related: Palette predictor list enhancement”, J. Ye, X. Li, X. Xu, S. Liu (Tencent) 
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