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Abstract
In VVC draft 7, the predictor palette is reset when the coding CTU is the first CTU of a slice or a tile, or the first CTU of a CTU row when entropy_coding_sync_enabled_flag is equal to 1. It is asserted that the reset of predictor palette interrupts the palette propagation and may cause undesirable coding performance loss. The contribution proposed to initialize the predictor palette with customized predictor palette signaled in APS. When a customized predictor palette is not present, the predictor palette size is reset to 0. It is reportedly shown the proposed change provide gains over VTM-7.1 in the following tests:
	Test case 1: WPP synchronization is on
		DualTree on : -0.19%(AI), -0.39%(RA) and -0.39%(LDB) BD rate saving
		DualTree off: -0.95%(AI), -0.61%(RA) and -0.50%(LDB) BD rate saving
	Test case 2: 1 CTU per tile
		DualTree on : -0.78%(AI), -0.84%(RA)  and -0.73%(LDB) BD rate saving
		DualTree off: -2.74%(AI), -1.54%(RA)  and -0.90%(LDB) BD rate saving

Introduction
In VVC draft 7, to decode a CU in palette mode, a predictor palette from the previous CU in palette mode is used to derive the palette of current CU, and the predictor palette is updated after the coding of current CU. The initial predictor palette is initialized to 0 at the beginning of each slice, each tile, or the beginning of each CTU row for the wave-front parallel processing when entropy_coding_sync_enabled_flag is 1. It is asserted that the predictor palette reset process interrupts the palette propagation and could lead to undesirable performance loss. In HEVC SCC, the predictor palette is initialized to the global palette signaled in the PPS [1]. This feature allows a smart encoder provide a customized palette initializer to improve the performance for multiple slices or WPP scenarios.
Proposal
This contribution proposes to add predictor palette initializer feature to VVC. The proposed mechanism signals predictor palette tables for both joint and separate palettes, for single tree slice and dual tree I slice respectively, in adaptation parameter set (APS).
Proposed syntax and semantic changes

A new APS type is added for predictor palette initializer APS.

               Table 1 – APS parameters type codes and types of APS parameters
	aps_params_type
	Name of aps_params_type
	Type of APS parameters

	0
	ALF_APS
	ALF parameters

	1
	LMCS_APS
	LMCS parameters

	2
	SCALING_APS
	Scaling list parameters

	3
	PLT_APS
	Predictor palette patameters

	4..7
	Reserved
	Reserved




Table 2: APS syntax structure modification
	adaptation_parameter_set_rbsp( ) {
	Descriptor

		adaptation_parameter_set_id
	u(5)

		aps_params_type
	u(3)

		if( aps_params_type  = =  ALF_APS )
	

			alf_data( )
	

		else if( aps_params_type  = =  LMCS_APS )
	

			lmcs_data( )
	

		else if( aps_params_type  = =  SCALING_APS )
	

			scaling_list_data( )
	

		else if( aps_params_type  = =  PLT_APS )
	

			predictor_palette_initializer( )
	

		aps_extension_flag
	u(1)

		if( aps_extension_flag )
	

			while( more_rbsp_data( ) )
	

				aps_extension_data_flag
	u(1)

		rbsp_trailing_bits( )
	

	}
	




The syntax structure of the proposed predictor palette initializer is shown as follows:

[bookmark: _Ref28529259]Table 3: predictor palette initializer syntax structure
	predictor_palette_initializer( ) {
	Descriptor

		joint_predictor_palette_present_flag
	u(1)

		if( joint_predictor_palette_present_flag ) {
	

			luma_entry_bitdepth_minus8
	ue(v)

			chroma_entry_bitdepth_minus8
	ue(v)

			num_predictor_palette_entries_minus1
	ue(v)

			for ( comp = 0; comp < 3; comp++ ) {
	

				for ( i=0; i<= num_predictor_palette_entries_minus1; i++ ) {
	

					predictor_palette_entry[comp][i]
	u(v)

				}
	

			}
	

			separate_predictor_palette_present_flag
	u(1)

		}
	

		if( separate_predictor_palette_present_flag ) {
	

			chroma_predictor_palette_present_flag
	u(1)

			if (chroma_predictor_palette_present_flag == 1) {
	

				chroma_entry_bitdepth_minus8
	ue(v)

				num_chroma_predictor_palette_entries_minus1
	ue(v)

				for ( comp = 1; comp < 3; comp++ ) {
	

					for ( i=0; i<= num_chroma_palette_entries _minus1; i++ ) {
	

						predictor_palette_entry[comp][i]
	u(v)

					}
	

				}
	

				luma_predictor_palette_present_flag
	

			}
	

			if (luma_predictor_palette_present_flag == 1) {
	

				luma_entry_bitdepth_minus8
	ue(v)

				num_luma_predictor_palette_entries_minus1
	ue(v)

				for ( i=0; i<= num_luma_predictor_palette_entries_minus1; i++ ) {
	

					predictor_palette_entry[0][i]
	u(v)

				}
	

			}
	

		}
	

	}
	



joint_predictor_palette_present_flag equals to 1 specifies joint predictor palette syntax structure is present. joint_predictor_palette_present_flag equals to 0 specifies joint predictor palette syntax structure is not present.
separate_predictor_palette_present_flag equals to 1 specifies separate predictor palette syntax structure is present. separate_predictor_palette_present_flag equals to 0 separate predictor palette syntax structure is not present. separate_predictor_palette_present_flag is only signalled when joint_predictor_palette_present_flag equals to 1. When not present, it is inferred to 1.
chroma_predictor_palette_present_flag equals to 1 specifies the chroma predictor palette is present. chroma_predictor_palette_present_flag equals to 0 specifies the chroma predictor palette is not present.
luma_predictor_palette_present_flag equals to 1 specifies the luma predictor palette is present. luma_predictor_palette_present_flag equals to 0 specifies the luma predictor palette is not present. luma_predictor_palette_present_flag is only signalled when chroma_predictor_palette_present_flag equals to 1. When not present, the it is inferred to 1.
num_predictor_palette_entries_minus1, num_luma_predictor_palette_entries_minus1, num_chroma_predictor_palette_entries_minus1 specify the number of predictor palette entries - 1 for joint palette, luma palette and chroma palette respectively. Their values are in range from [0, PaletteMaxPredictorSize].
predictor_palette_entry[comp][i] is the i-th predictor palette entry of component comp. The bit depth of predictor_palette_entry is specified by the variable BitDepthY for Luma component and BitDepthC for chroma component.
luma_bit_depth_entry_minus8 + 8 and chroma_bit_depth_entry_minus8 + 8 are the length of predictor_palette_entry for luma and chroma components.

[bookmark: _GoBack]
In the picture header, when sps_palette_enabled_flag equals to 1, a flag is signaled to indicate if the predictor_palette_aps_id is present. The predictor_palette_aps_id is the APS id of the APS that contains the predictor palette initializer which is used to initialize the predictor palette the picture associates to the picture header.

Table 4: picture header syntax structure modification
	picture_header_rbsp() {
	

		…
	

		if( sps_palette_enabled_flag ) {
	

			predictor_palette_initializer_present_flag
	u(1)

			if( predictor_palette_initializer_present_flag )
	

				predictor_palette_aps_id
	u(3)

		}
	

		…
	

	}
	



Proposed initialization process changes
The following specification text changes are proposed for the predictor palette initialization process.
9.3.2
The context variables of the arithmetic decoding engine are initialized as follows:
–	If the CTU is the first CTU in a slice or tile, the initialization process for context variables is invoked as specified in clause 9.3.2.2 and the array PredictorPaletteSize[ compIdx ], with compIdx = 0, 1, is initialized to 0 the initialization process of predictor palette is specified in 9.3.2.x.
–	Otherwise, if entropy_coding_sync_enabled_flag is equal to 1 and CtbAddrX is equal to CtbToTileColBd[ CtbAddrX ], the following applies:
–	The location ( xNbT, yNbT ) of the top-left luma sample of the spatial neighbouring block T (Figure 12) is derived using the location ( x0, y0 ) of the top-left luma sample of the current CTB as follows:
[bookmark: _Hlk3312927]( xNbT, yNbT ) = ( x0, y0 − CtbSizeY )	(1488)
–	The derivation process for neighbouring block availability as specified in clause 6.4.4 is invoked with the location ( xCurr, yCurr ) set equal to ( x0, y0 ), the neighbouring location ( xNbY, yNbY ) set equal to ( xNbT, yNbT ), checkPredModeY set equal to FALSE, and cIdx set equal to 0 as inputs, and the output is assigned to availableFlagT.
–	The synchronization process for context variables is invoked as follows:
–	If availableFlagT is equal to 1, the synchronization process for context variables as specified in clause 9.3.2.4 is invoked with TableStateIdx0Wpp, TableStateIdx1Wpp, TableMpsValWpp as inputs and the array PredictorPaletteSize[ compIdx ], with compIdx = 0, 1, is initialized to 0 the initialization process of predictor palette is specified in 9.3.2.x.
–	Otherwise, the initialization process for context variables is invoked as specified in clause 9.3.2.2 and the array PredictorPaletteSize[ compIdx ], with compIdx = 0, 1, is initialized to 0 the initialization process of predictor palette is specified in 9.3.2.x.
–	Otherwise, the initialization process for context variables is invoked as specified in clause 9.3.2.2 and the array PredictorPaletteSize[ compIdx ], with compIdx = 0, 1, is initialized to 0 the initialization process of predictor palette is specified in 9.3.2.x.

9.3.2.x
The predictor palette is initialized as follows:
· If predictor_palette_initializer_present_flag equals to 0, the array PredictorPaletteSize[ compIdx ], with compIdx = 0, 1,
· Otherwise, PredictorPaletteSize[ compIdx ], with compIdx = 0, 1 is derived as follows:
startComp = ( treeType = = DUAL_TREE_CHROMA )  ?  1 : 0
numComps = ( treeType = = SINGLE_TREE ) ? 3 : 	( treeType = = DUAL_TREE_CHROMA ) ? 2 : 1
PredictorPaletteSize[startComp] =  (treeType = = SINGLE_TREE )  ? 	num_predictor_palette_entries_minus1 + 1 : (treeType = = DUAL_TREE_CHROMA) ? 	num_chroma_predictor_palette_entries_minus1 + 1 : num_luma_predictor_palette_entries_minus1 + 1
for( compIdx = startComp; compIdx < ( startComp + numComps ); compIdx++ )
	for( i = 0; i < PredictorPaletteSize[startComp]; i++ )
		PredictorPaletteEntries[ compIdx ][ i ] = predictor_palette_entry[ compIdx ][ i ]

Experiments	
Encoder algorithm
The predictor palette of the last CTU of each picture is obtained by running a pre-pass encoding configured to single slice and single tile per picture and WaveFrontSynchro = 0. The obtained predictor palette is signaled in APS as predictor palette initializer.
Results
To demonstrate the performance of the proposed feature, the experiments are conducted under CE2 palette mode common test condition [2] with the following changes:
· Test A, WaveFrontSynchro = 1, i.e. WPP synchronization is on and the predictor palette is initialized at the beginning of each CTU row.
· Test B, TileUniformSpacing = 1, UniformTileColsWidthMinus = 0, UniformTileRowHeightMinus1 = 0. This is a test for very extreme case where each CTU is a tile and the predictor palette will be initialized for each CTU.
The both test, the anchor is the VTM 7.1 and the proposed changes are implemented on top of VTM 7.1.

Table 5. Test A Dual-Tree on
	
	 
	 
	All Intra Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.12%
	-0.03%
	-0.04%
	100%
	100%

	TGM 720p
	-0.36%
	-0.10%
	-0.22%
	100%
	100%

	Animation
	-0.10%
	-0.31%
	-0.46%
	100%
	100%

	Mixed content
	-0.25%
	-0.28%
	-0.30%
	100%
	100%

	Camera-Captured content
	0.00%
	0.02%
	0.01%
	99%
	100%

	Overall
	-0.19%
	-0.14%
	-0.21%
	100%
	100%




	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.56%
	-0.79%
	-0.64%
	99%
	100%

	TGM 720p
	-0.87%
	-0.70%
	-1.49%
	99%
	100%

	Animation
	0.18%
	-0.10%
	-0.33%
	100%
	100%

	Mixed content
	-0.36%
	-0.60%
	-0.64%
	100%
	99%

	Camera-Captured content
	0.00%
	0.01%
	0.12%
	100%
	100%

	Overall
	-0.39%
	-0.50%
	-0.70%
	99%
	100%




	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-1.02%
	-1.57%
	-1.44%
	100%
	101%

	TGM 720p
	-0.43%
	-1.03%
	-1.53%
	100%
	100%

	Animation
	0.30%
	-0.18%
	-0.27%
	101%
	101%

	Mixed content
	-0.44%
	-0.85%
	-0.78%
	100%
	100%

	Camera-Captured content
	0.00%
	-0.07%
	-0.01%
	101%
	103%

	Overall
	-0.39%
	-0.85%
	-0.94%
	100%
	101%




Table 6. Test A Dual-Tree off
	
	 
	 
	All Intra Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.73%
	-0.91%
	-0.76%
	100%
	100%

	TGM 720p
	-1.51%
	-1.98%
	-2.85%
	99%
	99%

	Animation
	-1.21%
	-2.43%
	-2.73%
	100%
	100%

	Mixed content
	-0.86%
	-1.41%
	-1.21%
	99%
	100%

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

	Overall
	-0.95%
	-1.44%
	-1.64%
	100%
	100%




	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.61%
	-1.06%
	-0.82%
	99%
	99%

	TGM 720p
	-1.27%
	-1.81%
	-2.93%
	99%
	100%

	Animation
	-0.15%
	-0.97%
	-1.24%
	99%
	100%

	Mixed content
	-0.60%
	-0.97%
	-0.84%
	100%
	100%

	Camera-Captured content
	0.00%
	0.00%
	0.00%
	100%
	100%

	Overall
	-0.61%
	-1.08%
	-1.33%
	99%
	100%




	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.95%
	-1.59%
	-1.38%
	100%
	100%

	TGM 720p
	-0.80%
	-1.05%
	-2.72%
	100%
	101%

	Animation
	0.20%
	-0.69%
	-0.91%
	101%
	100%

	Mixed content
	-0.54%
	-0.85%
	-1.23%
	100%
	102%

	Camera-Captured content
	0.00%
	-0.01%
	0.12%
	101%
	99%

	Overall
	-0.50%
	-0.95%
	-1.41%
	100%
	100%





Table 7. Test B Dual-Tree on
	
	 
	 
	All Intra Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-1.23%
	-1.23%
	-1.07%
	100%
	99%

	TGM 720p
	-1.18%
	-0.67%
	-0.89%
	100%
	99%

	Animation
	-0.07%
	-0.34%
	-0.41%
	100%
	100%

	Mixed content
	-0.89%
	-0.84%
	-0.96%
	101%
	99%

	Camera-Captured content
	0.01%
	-0.01%
	0.04%
	100%
	99%

	Overall
	-0.78%
	-0.70%
	-0.74%
	100%
	99%



	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-1.51%
	-1.86%
	-1.64%
	99%
	99%

	TGM 720p
	-1.32%
	-1.37%
	-2.15%
	100%
	100%

	Animation
	0.13%
	-0.15%
	-0.37%
	101%
	100%

	Mixed content
	-0.85%
	-1.11%
	-1.12%
	101%
	100%

	Camera-Captured content
	0.02%
	-0.06%
	-0.01%
	100%
	100%

	Overall
	-0.84%
	-1.05%
	-1.23%
	100%
	100%



	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-1.89%
	-2.46%
	-2.28%
	100%
	99%

	TGM 720p
	-0.87%
	-1.29%
	-1.80%
	101%
	101%

	Animation
	0.22%
	-0.13%
	-0.71%
	100%
	99%

	Mixed content
	-0.41%
	-0.68%
	-0.97%
	101%
	101%

	Camera-Captured content
	-0.01%
	-0.07%
	0.05%
	100%
	101%

	Overall
	-0.73%
	-1.10%
	-1.33%
	100%
	100%



Table 8. Test B Dual-Tree off
	
	 
	 
	All Intra Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-3.78%
	-3.99%
	-3.57%
	99%
	99%

	TGM 720p
	-3.64%
	-4.44%
	-5.51%
	100%
	101%

	Animation
	-1.31%
	-2.31%
	-2.88%
	100%
	100%

	Mixed content
	-3.40%
	-3.68%
	-3.97%
	100%
	99%

	Camera-Captured content
	0.00%
	0.01%
	0.01%
	100%
	100%

	Overall
	-2.74%
	-3.23%
	-3.55%
	100%
	100%



	
	 
	 
	Random access Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-2.10%
	-2.52%
	-2.11%
	99%
	100%

	TGM 720p
	-2.49%
	-3.40%
	-4.81%
	99%
	100%

	Animation
	-0.13%
	-0.81%
	-1.29%
	99%
	100%

	Mixed content
	-1.93%
	-1.71%
	-1.70%
	101%
	101%

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

	Overall
	-1.54%
	-1.95%
	-2.29%
	100%
	100%




	
	 
	 
	Low delay B Main10 
	 
	 

	
	Over VTM-7.0 (grid 2)

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-2.05%
	-2.75%
	-2.43%
	100%
	100%

	TGM 720p
	-1.12%
	-1.90%
	-2.52%
	101%
	100%

	Animation
	0.08%
	-0.70%
	-0.86%
	100%
	101%

	Mixed content
	-0.83%
	-1.06%
	-1.49%
	102%
	100%

	Camera-Captured content
	0.22%
	0.25%
	0.38%
	101%
	100%

	Overall
	-0.90%
	-1.46%
	-1.63%
	101%
	100%
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