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Abstract
In the 17th JVET meeting in Brussels the signalling of rectangular slices have been modified to infer the slice address of the first slice and the size of the last slice in picture. Other alternatives have also been discussed, which included inferring the starting address of the last slice in picture, which has not been adopted due to the complexity of the inference. The present contribution proposes to infer the width and height of the slices (in number of tiles) in a very straightforward manner, when the slice is at the right or bottom boundary of the picture. It is asserted that the inference is achieved without additional computational complexity.
Introduction
In the 17th JVET a mechanism adopted to infer the size of the last slice in a picture when rectangular slices are used. The process of inferring the size of the last slice in the picture is in 6.5.1, which is provided below for reference:
	6.5	Scanning processes
6.5.1	CTB raster scanning, tile scanning, and subpicture scanning processes
…
	for( i = 0; i  <=  num_slices_in_pic_minus1; i++ ) {
		SliceTopLeftTileIdx[ i ] = tileIdx 
		tileX = tileIdx % NumTileColumns
		tileY = tileIdx / NumTileColumns
		if( i < num_slices_in_pic_minus1 ) { 
			sliceWidthInTiles[ i ] = slice_width_in_tiles_minus1[ i ] + 1
			sliceHeightInTiles[ i ] = slice_height_in_tiles_minus1[ i ] + 1
		} else {
			sliceWidthInTiles[ i ] = NumTileColumns − tileX
			sliceHeightInTiles[ i ] = NumTileRows − tileY
			NumSlicesInTile[ i ] = 1
		}
…



The parameter setting highlighted in cyan helps infer the width and the height of the slice in number of tiles. 
According to the rule above, first the –x and –y coordinates of the starting point of a slice is calculated (variables tileX and tileY) in the tile grid. Then the width and height of the last slice in picture is set equal to remaining number of tiles in –x and –y directions respectively at the right and bottom boundary of the picture.
Problem
In order to calculate the size of the last slice in the picture, one needs to calculate the tileX and tileY variables. However once these values are calculated, it is easily possible to infer the width of the slice at the right boundary of the picture and the height of the slice at the bottom picture boundary, when the difference between NumTileColumns – tileX is equal to 1 or NumTileRows – tileY is equal to 1. 
This can be demonstrated with the figure below:
[image: ]
Figure 1
The figure 1 above exemplifies an signalling of width and heights of slices according to VVC. In the figure the picture is partitioned into 4 tiles and 8 slices. The widths and heights of the slices 1, 3, 5 and 6 in the figure are signaled using slice_height_in_tiles_minus1[ i ] and slice_width_in_tiles_minus1[ i ]. 
One can see from the figure that once the top-left coordinate of a slice is calculated, and if the difference between the top-left coordinate and the right or bottom boundary of the picture is only 1 tile, the syntax elements slice_height_in_tiles_minus1[ i ] or slice_width_in_tiles_minus1[ i ] are redundant and can be inferred to be equal to 0.
Proposal
According to the proposal two modifications are made:
1. The value of the slice_width_in_tiles_minus1[ i ] syntax element inferred to be equal to 0 if NumTileColumns – tileX is equal to 0.
2. The value of the slice_height_in_tiles_minus1[ i ] syntax element inferred to be equal to 0 if NumTileRows– tileY is equal to 0.
Where tileX and tileY are defined same as in section “6.5.1 CTB raster scanning, tile scanning, and subpicture scanning processes” as follows:
				tileX = SliceTopLeftTileIdx[ i ] % NumTileColumns
				tileY = SliceTopLeftTileIdx[ i ] / NumTileColumns
It is noted that tileX and tileY variales are already calculated for parsing of slice_height_in_tiles_minus1[ i ] and num_exp_slices_in_tile[ i ] in the current VVC, therefore the proposed modifications require no additional computation.
The proposal achieves the following savings in signalling of the slices 1 to 8 in Figure 1:
	Elements signalled in VVC
	Elements signalled according to Proposal

	Slice 1
· slice_width_in_tiles_minus1[ 0]
· slice_height_in_tiles_minus1[ 0 ]
· num_exp_slices_in_tile[ 0 ]
· exp_slice_height_in_ctus_minus1[ 0 ][ 0 ]
Slice 2
-
Slice 3
· slice_width_in_tiles_minus1[ 2]
· slice_height_in_tiles_minus1[ 2 ]
· num_exp_slices_in_tile[ 2 ]
· exp_slice_height_in_ctus_minus1[ 2 ][ 0 ]
Slice 5
· slice_width_in_tiles_minus1[ 4]
· slice_height_in_tiles_minus1[ 4 ]
· num_exp_slices_in_tile[ 4 ]
· exp_slice_height_in_ctus_minus1[ 4 ][ 0 ]
Slice 6
· slice_width_in_tiles_minus1[ 5]
· slice_height_in_tiles_minus1[ 5 ]
· num_exp_slices_in_tile[ 5]
· exp_slice_height_in_ctus_minus1[ 5][ 0 ]
Slice 7
· exp_slice_height_in_ctus_minus1[ 5][ 1 ]
Slice 8
-
	Slice 1
· slice_width_in_tiles_minus1[ 0]
· slice_height_in_tiles_minus1[ 0 ]
· num_exp_slices_in_tile[ 0 ]
· exp_slice_height_in_ctus_minus1[ 0 ][ 0 ]
Slice 2
-
Slice 3
· slice_width_in_tiles_minus1[ 2]
· slice_height_in_tiles_minus1[ 2 ]
· num_exp_slices_in_tile[ 2 ]
· exp_slice_height_in_ctus_minus1[ 2 ][ 0 ]
Slice 5
· slice_width_in_tiles_minus1[ 4]
· slice_height_in_tiles_minus1[ 4 ]
· num_exp_slices_in_tile[ 4 ]
· exp_slice_height_in_ctus_minus1[ 4 ][ 0 ]
Slice 6
· slice_width_in_tiles_minus1[ 5]
· slice_height_in_tiles_minus1[ 5 ]
· num_exp_slices_in_tile[ 5]
· exp_slice_height_in_ctus_minus1[ 5][ 0 ]
Slice 7
· exp_slice_height_in_ctus_minus1[ 5][ 1 ]
Slice 8
-



Spec Changes
According to the proposal the following modifications are proposed in the specification:
	pic_parameter_set_rbsp( ) {
	Descriptor

	…
	…

		if( !no_pic_partition_flag ) {
	

			pps_log2_ctu_size_minus5
	u(2)

			num_exp_tile_columns_minus1
	ue(v)

			num_exp_tile_rows_minus1
	ue(v)

			for( i = 0; i  <=  num_exp_tile_columns_minus1; i++ )
	

				tile_column_width_minus1[ i ]
	ue(v)

			for( i = 0; i  <=  num_exp_tile_rows_minus1; i++ )
	

				tile_row_height_minus1[ i ]
	ue(v)

			if( NumTilesInPic > 1 )
	

	[bookmark: _Hlk535057451]			rect_slice_flag
	u(1)

	[bookmark: _Hlk25585195]		if( rect_slice_flag )
	

				single_slice_per_subpic_flag
	u(1)

			if( rect_slice_flag  &&  !single_slice_per_subpic_flag ) {
	

				num_slices_in_pic_minus1
	ue(v)

				if( num_slices_in_pic_minus1 > 0 )
	

					tile_idx_delta_present_flag
	u(1)

				for( i = 0; i < num_slices_in_pic_minus1; i++ ) {
	

					tileX = SliceTopLeftTileIdx[ i ] % NumTileColumns
	

					tileY = SliceTopLeftTileIdx[ i ] / NumTileColumns
	

					if( NumTileColumns > 1  NumTileColumns – tileX > 1 )
	

						slice_width_in_tiles_minus1[ i ]
	ue(v)

					if( NumTileRows > 1  &&  NumTileRows – tileY > 1 &&  ( tile_idx_delta_present_flag  | |
						tileXSliceTopLeftTileIdx[ i ] % NumTileColumns  = =  0 ))
	

						slice_height_in_tiles_minus1[ i ]
	ue(v)

					if( slice_width_in_tiles_minus1[ i ]  = =  0  &&
						slice_height_in_tiles_minus1[ i ]  = =  0  &&
						RowHeight[ tileY SliceTopLeftTileIdx[ i ] / NumTileColumns ] > 1 ) {
	

						num_exp_slices_in_tile[ i ]
	ue(v)

						for( j = 0; j < num_exp_slices_in_tile[ i ]; j++ )
	

							exp_slice_height_in_ctus_minus1[ i ][ j ]
	ue(v)

						i  +=  NumSlicesInTile[ i ] − 1
	

					}
	

					if( tile_idx_delta_present_flag  &&  i < num_slices_in_pic_minus1 )
	

						tile_idx_delta[ i ]
	se(v)

				}
	

			}
	

	[bookmark: _Hlk26272298]		loop_filter_across_tiles_enabled_flag
	u(1)

	[bookmark: _Hlk26272310]		loop_filter_across_slices_enabled_flag
	u(1)

		}
	



slice_width_in_tiles_minus1[ i ] plus 1 specifies the width of the i-th rectangular slice in units of tile columns. The value of slice_width_in_tiles_minus1[ i ] shall be in the range of 0 to NumTileColumns − 1, inclusive.
When i is less than num_slices_in_pic_minus1 and NumTileColumns is equal to 1when slice_width_in_tiles_minus1[ i ] is not present in the bitstream, the its value of slice_width_in_tiles_minus1[ i ] is inferred to be equal to 0.
slice_height_in_tiles_minus1[ i ] plus 1 specifies the height of the i-th rectangular slice in units of tile rows when num_exp_slices_in_tile[ i ] is equal to 0. The value of slice_height_in_tiles_minus1[ i ] shall be in the range of 0 to NumTileRows − 1, inclusive.
When i is less than num_slices_in_pic_minus1 and slice_height_in_tiles_minus1[ i ] is not present, it is inferred to be equal to NumTileRows - SliceTopLeftTileIdx[ i ] / NumTileColumns  = =  1 ? 0 : slice_height_in_tiles_minus1[ i − 1 ].
	6.5	Scanning processes
6.5.1	CTB raster scanning, tile scanning, and subpicture scanning processes
…
[bookmark: _Hlk33506803]if( single_slice_per_subpic_flag ) {
	for( i = 0; i  <=   sps_num_subpics_minus1; i++ ) {
		NumCtusInSlice[ i ] = 0 
		if( subpicHeightLessThanOneTileFlag[ i ] ) /* The slice consists of a number of CTU rows in a tile. */
			AddCtbsToSlice( i, subpic_ctu_top_left_x[ i ],
				subpic_ctu_top_left_x[ i ] + subpic_width_minus1[ i ] + 1, subpic_ctu_top_left_y[ i ],
				subpic_ctu_top_left_y[ i ] + subpic_height_minus1[ i ] + 1 )
		else { /* The slice consists of a number of complete tiles covering a rectangular region. */
			tileX = CtbToTileColBd[ subpic_ctu_top_left_x[ i ] ]
			tileY = CtbToTileRowBd[ subpic_ctu_top_left_y[ i ] ]
			for( j = 0; j < SubpicHeightInTiles[ i ]; j++ )
				for( k = 0; k < SubpicWidthInTiles[ i ]; k++ )
					AddCtbsToSlice( i, tileColBd[ tileX + k ], tileColBd[ tileX + k + 1 ], tileRowBd[ tileY + j ],
							tileRowBd[ tileY + j + 1 ] )
		}
	}
} else {
	tileIdx = 0
	for( i = 0; i  <=  num_slices_in_pic_minus1; i++ )
		NumCtusInSlice[ i ] = 0
	for( i = 0; i  <=  num_slices_in_pic_minus1; i++ ) {
		SliceTopLeftTileIdx[ i ] = tileIdx
		tileX = tileIdx % NumTileColumns
		tileY = tileIdx / NumTileColumns
		if( i < num_slices_in_pic_minus1 ) { 
			if( NumTileColumns − 1 − tileX == 1) {
				slice_width_in_tiles_minus1[ i ] = 0
			}
			else if( NumTileRows − 1 − tileY == 1 ) {
				slice_height_in_tiles_minus1[ i ] = 0
			}
			else{
				sliceWidthInTiles[ i ] = slice_width_in_tiles_minus1[ i ] + 1
				sliceHeightInTiles[ i ] = slice_height_in_tiles_minus1[ i ] + 1
			}
		} else {
			sliceWidthInTiles[ i ] = NumTileColumns − tileX
			sliceHeightInTiles[ i ] = NumTileRows − tileY
			NumSlicesInTile[ i ] = 1
		}
		if( slicWidthInTiles[ i ]  = =  1  &&  sliceHeightInTiles[ i ]  = =  1 ) {	(30)
			if( num_exp_slices_in_tile[ i ]  = = 0 ) {
				NumSlicesInTile[ i ] = 1
				sliceHeightInCtus[ i ] = RowHeight[ SliceTopLeftTileIdx[ i ] / NumTileColumns ]
			} else {
				remainingHeightInCtbsY = RowHeight[ SliceTopLeftTileIdx[ i ] / NumTileColumns ]
				for( j = 0; j < num_exp_slices_in_tile[ i ] − 1; j++ ) {
					sliceHeightInCtus[ i + j ] = exp_slice_height_in_ctus_minus1[ i ][ j ] + 1
					remainingHeightInCtbsY   −=  sliceHeightInCtus[ i + j ]
				}
				uniformSliceHeight = exp_slice_height_in_ctus_minus1[ i ][ j ] + 1
				while( remainingHeightInCtbsY  >=  uniformSliceHeight ) {
					sliceHeightInCtus[ i + j ] = uniformSliceHeight
					remainingHeightInCtbsY  −=  uniformSliceHeight
					j++
				}
				if( remainingHeightInCtbsY > 0 ) {
					sliceHeightInCtus[ i + j ] = remainingHeightInCtbsY
					j++
				}
				NumSlicesInTile[ i ] = j
			}
			ctbY = tileRowBd[ tileY ]
			for( j = 0; j < NumSlicesInTile[ i ]; j++ ) {
				AddCtbsToSlice( i + j, tileColBd[ tileX ], tileColBd[ tileX + 1 ],
						ctbY, ctbY + sliceHeightInCtus[ i + j ] )
				ctbY  +=  sliceHeightInCtus[ i + j ]
			}
			i  +=  NumSlicesInTile[ i ] − 1
		} else
			for( j = 0; j < sliceHeightInTiles[ i ]; j++ )
				for( k = 0; k < sliceWidthInTiles[ i ]; k++ )
					AddCtbsToSlice( i, tileColBd[ tileX + k ], tileColBd[ tileX + k + 1 ],
						tileRowBd[ tileY + j ], tileRowBd[ tileY + j + 1 ] )
		if( i < num_slices_in_pic_minus1 ) {
			if( tile_idx_delta_present_flag )
				tileIdx  +=  tile_idx_delta[ i ]
			else {
				tileIdx  +=  sliceWidthInTiles[ i ]
				if( tileIdx % NumTileColumns  = =  0 )
					tileIdx  +=  ( sliceHeightInTiles[ i ] − 1 ) * NumTileColumns
			}
		}
	}
}




Conclusion
The present contribution proposes a straightforward extension to the mechanism of inferring the width and height of slices in the rectangular slices mode. According to the proposal the width and height of the slices are inferred at the right and bottom picture boundaries, if the width or height of the slice is 1 tile respectively. It is asserted that no additional computation is necessary as the logic is shared with conditional parsing of existing syntax elements in the PPS.
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